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LANDSCAPE MACROTYPOLOGIES
AND MICROTYPOLOGIES OF SLOVENIA

Drago Perko, Rok Cigli¢, Mauro Hrvatin
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There are four groups of landscape types in Slovenia: Alpine landscapes (top left),
Pannonian landscapes (top right), Dinaric landscapes (bottom right), and
Mediterranean landscapes (bottom left). These have a decisive influence

on the microtypification of Slovenia and its parts.

V Sloveniji so Stiri skupine pokrajinskih tipov: alpske pokrajine (levo zgoraj), panonske
pokrajine (desno zqoraj), dinarske pokrajine (desno spodaj) in sredozemske pokrajine
(levo spodayj), ki odlocilno vplivajo na mikrotipizacijo Slovenije in njenih delov.
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1 Introduction

The Anton Melik Geographical Institute at the Slovenian Academy of Sciences and Arts Research Center
(hereinafter: the institute) has been dealing with Slovenian landscapes, their types, typifications, and typolo-
gies ever since its foundation in 1946, largely as part of its Regional Geography Department and with strong
support from the Geographic Information Systems and Thematic Cartography departments. It was espe-
cially intensively involved in this area after Slovenia’s independence in 1991, when it produced seminal
geographical volumes on Slovenia with government financial support in the 1990s. Landscapes and their
types feature prominently in these works.

This article, which focuses on a systematic overview of landscape typologies of Slovenia, coincides with
the seventy-fifth anniversary of the institute, the thirtieth anniversary of Slovenias independence, and, what
is most relevant to this article, the production of the first landscape typology of Slovenia. It was published
seventy-five years ago by the academy member Anton Melik (Melik 1946), who also initiated the insti-
tute’s foundation and was its first director.

The introductory section primarily describes the development of landscape studies in Slovenia and
especially at the institute, where focused research in this area has been conducted in Slovenia ever since
its establishment. The second section presents and compares all five geographical macrotypologies for all
of Slovenia produced by Slovenian geographers between 1946 and 2013. The third section establishes which
landscape types of the nine European macrotypologies Slovenia belongs to and how these macrotypolo-
gies overlap with Slovenian ones in Slovenian territory. The fourth section presents and compares eight
examples of landscape microtypologies (i.e., typologies of small parts of Slovenia), which the institute’s
researchers produced between 1985 and 2020. The conclusion provides an example showing how current
landscape macrotypologies could be improved using state-of-the-art methods.

Certain older findings were updated and expanded, and some are published here for the first time.
The reference list at the end is also very important because it provides an extensive overview of publica-
tions on geographical landscape typologies in Slovenia and abroad.

In countries as diverse as Slovenia, landscape typifications present a great challenge for researchers.
In countries where they form part of official documents that specify financial obligations, they are impor-
tant for most citizens. This also includes Slovenia.

1.1 Terminology

The main technical terms in landscape classification include landscape typification, landscape typology, and
landscape type (from Lat. typus ‘bas-relief, image, figure, Gr. typos ‘example, model’; Snoj 2016). They are
combined here into a general definition: landscape typification is the process of classifying landscapes accord-
ing to their characteristics into landscape types, and its result or final classification is a landscape
typology.

Closely related to these are the terms region and regionalization (from Lat. regié ‘region, place, bor-
der’; Snoj 2016). They can be combined into the following definition: regionalization is the process of dividing
territory into regions and their hierarchical classification.

Increasingly important is also the term landscape diversity (Perko, Hrvatin, and Cigli¢ 2017), which
reveals how concentrated the interchange is between landscapes or landscape elements within a given spa-
tial unit. It can also be expressed numerically using a landscape diversity index, which can be defined as
the average (arithmetic mean) of the ratios between the number of types found (classes) and all types (class-
es) of landscape elements considered within a given spatial unit.

Its formula is:

LDI = Se L (e e
SZ: N“sNTtN)

N

LDI = Landscape Diversity Index

S = number of landscape elements considered

N = number of all types (classes) of a given landscape element

n = number of types found (classes) of the same given landscape element
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In Slovenian, the terms pokrajina ‘region; landscape’ and regija ‘region’ are usually synonymous, although
sometimes the term pokrajina is used to refer to more natural or physical geographical spatial units, and
the term regija is associated with more social or political geographical spatial units (Perko 1998a; Kladnik
and Perko 1998).

The relationship between a landscape or region and a landscape type is as follows: every region belongs
to a specific landscape type, and several regions can be part of the same landscape type. Landscape typi-
fication and landscape types are characterized by the principle of similarity, and geographical regionalization
and regions are characterized by the principle of individuality.

Every landscape type can occur several times and separately, and so it is treated as a common noun
phrase and hence not capitalized. In turn, every region occurs only once and is hence capitalized (Perko
1998b; Perko, Hrvatin, and Cigli¢ 2015). For example, a landscape type can be a mountain range, of which
there are several in Slovenia and many more elsewhere around the globe, but there is only one mountain
region in the world called Julian Alps (in Slovenia) and only one called Andes (in South America).

When dividing and combining regions and landscape types as part of geographical regionalization and
landscape typification, they are hierarchically classified into several levels. Every region can be part of a larg-
er region and divided into smaller regions. Similar applies to landscape types and other geographical units.
Hence, a series of terms have developed: macrounits (e.g., macroregion) and submacrounits at the highest
levels, mesounits (e.g., landscape mesotype) and submesounits at the middle levels, and microunits and sub-
microunits (e.g., submicroregion) at the lowest levels. These hierarchical terms are used by most typology
authors presented in the second, third, and fourth sections below.

1.2 Landscape typologies around the world

Elsewhere around the world, landscape typologies and other landscape classifications are also related to
several levels: global, regional, national, and local. Described in the articles are mainly the classification
methods and their usage, and problems associated with data (e.g., Udvardy 1975; Belbin and McDonald
1993; Meeus 1995; Bailey 1996; Burrough et al. 2001; Olson et al. 2001; Bohn et al. 2003; Miicher et al.
2003, 2006, 2010; Leathwick, Overton, and McLeod 2003; Zhou et al. 2003; Wolock et al. 2004; Ziberna,
Natek, and Ogrin 2004; Rivas-Marinez, Penas, and Diaz 2004a; 2004b; Hargrove and Hoffman 2005; Metzger
etal. 2005; Wascher 2005; Bryan 2006; Jongman et al. 2006; Owen et al. 2006; Renetzeder et al. 2008; Romportl
2009; Van Eetvelde and Antrop 2009; Castillo-Rodriguez et al. 2010; Soto and Pint6 2010; Izakovi¢ova 2014;
Grondin et al. 2014; Romportl and Cerny 2014; Cullum et al. 2016; Mez&si 2016; Kozjek, Dolinar, and Skok
2017; see also Drozg et al. 2004; Simensen, Halvorsen, and Erikstad 2018; and Stupariu et al. 2021).

Landscape classifications around the globe are used for research, educational, economic, planning, and
other purposes. Europe has adopted several measures for raising residents’ awareness about the impor-
tance of landscapes (Wascher 2005). As early as 1996, the Council of Europe adopted the Pan-European
Biological and Landscape Diversity Strategy (Council of Europe 1996), followed by the European Landscape
Convention in 2000, which encourages member states to identify their landscapes (Van Eetvelde 2009;
Dempsey and Wilbrand 2017). Based on this, Slovenia updated its 1998 classification of landscape types
(Marusi¢, Ogrin, and Jancic 1998), entitling it Regionalna razdelitev krajinskih tipov (Regional Distribution
of Landscape Types; Bratina Jurkovi¢ 2008; Council of Europe 2007).

Several countries also use landscape classifications for official purposes at the national level; in addi-
tion to Slovenia (Perko, Hrvatin, and Cigli¢ 2015), this is also done in the UK (Warnock and Griffiths 2015)
and Norway (Strand 2011), which also produced a map of landscape types at the local level for Nordland
County (Erikstad, Uttakleiv, and Halvorsen 2015). The use of the map of Europe’s biogeographical regions
for the purposes of the Natura 2000 network is an example of official use of a landscape classification at
the European level (Biogeographical regions ... 2016).

With regard to landscape classifications that are used for official purposes, it is especially important
that they be as accurate and objective as possible and that in producing them subjective definition of cri-
teria and digitization and interpolation errors be avoided as much as possible (McMahon et al. 2004; Ellison
2010). However, many researchers are aware that subjectivity is inevitable (Loveland and Merchant 2004;
Leathwick, Overton, and McLeod 2003; Natek and Ziberna 2004; Owen et al. 2006) because landscape clas-
sification is an abstraction (Bernert et al. 1997) that never captures all landscape factors (Zonneveld 1994).
Sometimes the boundaries in a landscape are clear (Bailey 1996), but often they are defined arbitrarily
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(Leathwick, Overton, and McLeod 2003) and subjectively regardless of the quality of the input data (Friukalova
and Romportl 2014). A common weakness of existing landscape classifications is also a poor description
of how classification units are defined and classified (Loveland and Merchant 2004), even though a good
description is imperative (Miicher et al. 2003; Bailey 2004; Erikstad et al. 2015; Lausch et al. 2015). Another
common weakness observed in recent classifications is the omission of field mapping, resulting from the
increasingly higher quality of digital data and modern software (Wieczorek and Migon 2014). Classifications
based on landscape stereotypes are considered especially poor (McMahon et al. 2004).

How landscape classifications should be tackled depends on concrete cases (Lu and Weng 2007), and
some see the future primarily in enhanced evaluation of current landscape classifications with new quan-
titative methods that will either fully confirm a landscape typology produced or eliminate any weaknesses
and improve it (Congalton 1991; Cigli¢ and Perko 2015).

We see the future of landscape typologies moving in two directions: toward evaluating, testing, and
improving existing landscape typologies using modern tools, and toward producing completely new land-
scape typologies, while taking into account criteria similar to those for improving the existing typologies.
An example of improving an existing landscape typology using modern tools and for a specific purpose
is presented in the conclusion.

1.3 Studying Slovenian landscapes at the institute

Professionals outside Slovenia have not dealt with landscape typifications of Slovenia. They have only stud-
ied Slovenia at the level of Europe (Cigli¢ 2009) - that is, in a very generalized manner, which is discussed
in the third section. Most studies of Slovenian landscapes and the landscape typologies produced have been
concentrated at the geographical institute.

The institute’s primary organizational unit specializing in Slovenian landscapes is the Regional
Geography Department. It was formally founded on October 14th, 1994, which was relatively late con-
sidering that it was already mentioned in the institute’s first charter, which its founder, the general assembly
of the Slovenian Academy of Sciences and Arts, adopted on November 6th, 1948. According to the char-
ter, the institute was to be divided into departments. Its Articles 5 and 6 specify that it can be divided into
physical, human, and regional geography sections, as well as into further sections and subsections if need-
ed. In addition, the charter defines research on Slovenian landscapes as one of the institute’s main priorities
(Natek and Perko 1999).

The first such section or unit, the Institute of Cartography, was established in 1952 and then renamed
the Thematic Cartography Department on October 14th, 1994, when the institute was last reorganized.
The Geographic Information Systems Department was also established as part of this reorganization. Without
both of these departments, it is practically impossible to imagine contemporary research on landscapes
and the publication of findings in this area. The institute currently has seven departments, a physical geog-
raphy laboratory, a library, and a museum, which adds up to a total of ten units:

« The Physical Geography Department (since October 14th, 1994);

o The Human Geography Department (since October 14th, 1994);

o The Regional Geography Department (since October 14th, 1994);

o The Natural Hazards Department (since October 14th, 1994);

o The Environmental Protection Department (since October 14th, 1994);

o The Geographic Information Systems Department (since October 14th, 1994);
o The Thematic Cartography Department (since February 7th, 1952);

o The Physical Geography Laboratory (since April 18th, 2018);

The Geographical Museum (since May 7th, 1946); and

o The Geographical Library (since September 1st, 1964).

The institute was named after Anton Melik in 1976, ten years after his death. Since 1981, it has been
operating as part of the Slovenian Academy of Sciences and Arts’ Research Center.

Its Regional Geography Department studies Slovenia as a whole and as part of Europe or the world
and, most importantly, it explores Slovenian regions. The project has also carried out the largest Slovenian
geographical project to date: it produced a volume on Slovenia’s regional geography, which practically all
geographers from Slovenian universities and research institutes contributed to. Work on the volume was
completed as part of the first geographical project in Slovenia since 1993, when research in the country
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began to largely be funded through projects and programs approved by the Slovenian Research Agency.
The funding for the project was approved in 1993 and it lasted three years, which even now continues to
be the average duration of agency-funded projects. More general and long-term programs normally last
six years.

Two research programs that also focused on landscape typifications have been carried out at the insti-

tute to date:

The Regional Geography of Slovenia, which lasted from January 1st, 1999, to December 31st, 2003, and
was headed by Drago Perko, focused entirely on studying Slovenian regions and landscapes;
The Geography of Slovenia, which has been taking place since January 1st, 2004, and is headed by Blaz
Komac, dedicates two of its five thematic sections to Slovenian landscapes: one in full and one in part.

Twelve research projects dealing with landscapes have been carried out so far:
Completion of the Regional Geographical Volume on Slovenia, which was carried out from January 1st,
1993, to December 31st, 1995, and headed by Drago Perko, concluded with the publication of nine schol-
arly volumes and the book Slovenija: pokrajine in ljudje (Slovenia: Landscapes and People; Perko and
Orozen Adamic¢ 1998) for general audiences (Figure 1);
The National Atlas of Slovenia, which was carried out from January 1st, 1993, to December 31st, 1995,
and headed by Andrej Cerne, concluded with the publication of Geografski Atlas Slovenije (Geographical
Atlas of Slovenia; Figure 2) and Nacionalni atlas Slovenije (National Atlas of Slovenia), in both of which
Slovenian landscapes play an important role;
Cultural Landscapes of Slovenia, which lasted from November 1st, 1994, to December 31st, 1999, and
was headed by Drago Perko, focused on cultural landscape elements; the two publications with the great-
est impact were the multimedia KulturAtlas Slowenien (Culture Atlas of Slovenia) published as part of
the German series KulturAtlas Europa (Aimée et al. 1996) and the scholarly volume Kulturne pokrajine
v Sloveniji (Cultural Landscapes in Slovenia; Urbanc 2002);
Geographical Microregionalization of Slovenia, which took place from January 1st, 1996, to December
31st, 2000, and was headed by Drago Perko, focused on state-of-the-art methods used in geographical
regionalizations and typifications of small spatial units;
Common Lands in Slovenia: Cultural Landscape between the Past and Future was carried out from
September 1st, 2005, to August 31st, 2007; it was headed by Drago Perko and it explored common lands
as an important landscape element of Slovenian regions;
Determining Natural Landscape Types of Slovenia Using a Geographic Information System, carried out
from May 1st, 2010, to April 30th, 2013, and headed by Drago Perko, established the effectiveness of
modern geoinformation methods in landscape typifications;
Terraced Landscapes in Slovenia as Cultural Values, carried out from July 1st, 2011, to June 30th, 2014,
and headed by Drago Kladnik, dealt with the differences between cultural terraces in various Slovenia’s
landscape types, and it concluded with the book Terasirane pokrajine in Slovenian (Terraced Landscapes;
Perko, Cigli¢, and Gers$i¢ 2016), which later also appeared in an abridged English edition (Perko et al. 2017);
Textbooks as Tools for Shaping the Geographical Imagination of Slovenian Landscapes, carried out from
July 1st, 2011, to June 30th, 2014, under the leadership of Mimi Urbanc, determined the role of Slovenian
landscapes in textbooks and concluded with the publication of the book Oblikovanje predstav o sloven-
skih pokrajinah v izobraZevalnem procesu (Shaping the Geographical Imagination of Slovenian Landscapes
in Education; Urbanc et al. 2016);
Landscape Diversity and Hotspots of Slovenia, carried out from October 1st, 2014, to September 30th,
2017, and headed by Drago Perko, focused on determining landscape diversity as one of the elements
shaping Slovenian identity (Perko and Cigli¢ 2015; Perko, Hrvatin, and Cigli¢ 2017);
Cultural Landscapes Caught between Public Good, Private Interests, and Politics, carried from October
1st, 2014, to September 30th, 2017, and headed by Mimi Urbanc, elucidated cultural landscapes from
aspects that had been poorly studied in Slovenian geography until then and gave them new dimensions;
Advancement of Computationally Intensive Methods for Efficient Modern General-Purpose Statistical
Analysis and Inference, carried out from March 1st, 2016, to February 28th, 2019, and headed by Erik
Strumbelj, explored the use of artificial intelligence in landscape typifications.

As already mentioned above, the first research project approved was actually the concluding act of more

than ten years of efforts to produce a regional geographical volume on Slovenia, which officially began by
accepting the volume as part of the institute’s program of work in 1981. The volume’s thematic concept
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envisaged a landscape typological presentation of Slovenia in the introduction, which was to form the basis

for the geographical regionalization of Slovenia and its presentation by regions (Ilesi¢ 1981). Until fund-

ing for the project was approved in 1993, work on the volume had proceeded very slowly but, once the

funding was secured, researchers made a commitment to complete their work in three years (i.e., by the

end of 1995), which they also did. They divided Slovenian into nine macrounits and sixty-one mesounits,

which they described in nine volumes published in 1996:

o The macrounit alpski svet ‘Alpine region” with four mesounits (Pak and Perko 1996b);

o The macrounit zahodni predalpski svet ‘western Prealpine region’ with four mesounits (Pak and Perko
1996¢);

o The macrounit Ljubljanska kotlina ‘Ljubljana Basin’ with six mesounits (Pak and Perko 1996a);

o The macrounit submediteranski svet ‘sub-Mediterranean region’ with seven mesounits (Kladnik and Perko
1996a);

o The macrounit visoki kraski svet ‘high karst region’ with eight mesounits (Kladnik and Perko 1996b);

o The macrounit nizki kraski svet ‘low karst region’ with seven mesounits (Perko 1996a);

« The macrounit srednji in juzni subpanonski svet ‘central and southern sub-Pannonian region’ with seven
mesounits (Perko 1996b);

o The macrounit vzhodni in severovzhodni predalpski svet ‘eastern and northeastern Prealpine region’ with
eight mesounits (Drozg and Perko 1996a); and

o The macrounit severni subpanonski svet ‘northern sub-Pannonian region’ with twelve mesounits (Drozg
and Perko 1996b).

In 1997, the institute also produced a more popular version of the regional geographical volume of
Slovenia with a simplified division of the country into four macrounits and forty-six mesounits. It was pub-
lished a year later in a single volume (Perko and Orozen Adami¢ 1998), together with a popular-science
film about Slovenian landscapes released on a videotape. The film was special because it presented Slovenian
landscapes for the first time together with their natural sounds (Perko and Kriznar 1998). The volume
(Figure 1) was the result of work contributed by thirty-two authors, six cartographers, forty photographers,
and thirty-four other professionals. It contains 736 pages, 455 photos, 118 maps, and 426 graphs (Natek
and Perko 1999).

Before the projects listed above, which were funded by the agency, the institute also carried out anoth-
er large project associated with Slovenian landscapes: Krajevni leksikon Slovenije (Gazetteer of Slovenia;
Figure 3). The institute managed to have most Slovenian geographers employed as researchers at univer-
sities and institutes work on the project, alongside many geography teachers. They all performed fieldwork,
wrote texts, and took photos, and most processed the settlements within one municipality. Work began
in 1993 and was completed in two years. The book was published in 1995, presenting all 5,981 settlements
(i.e., villages and towns) of that time with descriptions, photos, and tables (Orozen Adami¢, Perko, and
Kladnik 1995). It contains 640 pages, 492 color photos, thirty-nine 1:100,000 color thematic maps with
settlements, which were an outstanding technological achievement of the institute’s digital cartography at
that time, and several other thematic maps (Natek and Perko 1999). Among them is also a geographical
regionalization of Slovenia with six macrounits and sixty-two mesounits, which in places are divided into
further subunits. An interactive CD, the first of its kind in Slovenia, was released together with the book,
and Priro¢ni krajevni leksikon Slovenije (Pocket Gazetteer of Slovenia; OroZzen Adamic, Perko, and Kladnik
1996), about half the size of the original gazetteer in terms of both its format and content, was published
a year later.

The last major project associated with landscapes was carried out at the institute between 2017 and
2019 as part of the program Geografija Slovenije (Geography of Slovenia). Its final outcome was The Geography
of Slovenia (Perko, Cigli¢, and Zorn 2020a), a book published in 2020 as part of Springer’s World Regional
Geography Book Series, which was the first extensive and detailed geographical presentation of Slovenia
in English (Figure 4). The 360-page work begins with a chapter about Slovenia’s exceptional landscape diver-
sity, followed by five thematic sections comprised of twenty-two chapters, including one on the landscape
typification of Slovenia and one on its geographical regionalization. The text is complemented by 222 color
photos, including many thematic maps. The book contributes greatly to promoting Slovenian research and
enhancing Slovenia’s international profile, and its subtitle Small but Diverse highlights the fact that, despite
being a small country, Slovenia is characterized by above-average geographical diversity and hence it also
offers numerous research challenges in studying landscapes (Cigli¢ and Perko 2013a).
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Figure 1: Cover of Krajevni leksikon Slovenije, which also introduced
a new geographical regionalization of Slovenia (Orozen Adamic, Perko,
and Kladnik 1995).

SLOVENTJA

pokrajine inljudje

n 450 slik 600 grafov
ATLAS SLOVENIJE V SLIKI IN BESEDI

Zolatha Miadinska knjiga

100 zemljevidov

Figure 3: Cover of Sfovenija: pokrajine in ljudje, which also presented maps
of the most important geographical regionalizations and a new landscape
typology of Slovenia (Perko and Orozen Adamic 1998).

GEOGRAFSKI
ATLAS SLOVENIJE

Drzava v prostoru in ¢asu

Figure 2: Cover of Geagrafski atlas Slovenije, which also contains a chap-
ter on the geographical regionalization and landscape typology of
Slovenia (Fridl et al. 1998a).

World Regional Geography Book Series

Drago Perko
Rok Cigli¢
Matija Zorn Editors

-ﬂ ,41. y

o B
The Geography
of Slovenia

Small But Diverse
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Figure 4: Cover of The Geography of Slovenia: Small but Diverse, which ded-
icated two chapters to landscape typologies and geographical
regionalizations in English (Perko, Ciglic, and Zorn 2020a).
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Because a quarter of a century has already passed since the publication of the gazetteer, national atlas,
and regional geographical volume on Slovenia, and because the country has experienced great changes in
practically all areas, updating all these seminal geographical works on Slovenia should be an important
priority in the future. This will demand cooperation between all geographical research institutions in Slovenia
(the geographical institute and the three geography departments at the universities of Ljubljana, Maribor,
and Primorska) and substantial funding, which is needed to carry out all the projects, from research to
book publication.

As already mentioned, all these major geographical works on Slovenia include landscape typologies
and geographical regionalizations, but they are largely limited to one typification and regionalization only.
The following section provides, for the first time in Slovenian geography, a systematic overview of all land-
scape macrotypologies by Slovenian authors and compares them. Added to this is a section on landscape
microtypifications because some macrotypologies had an important influence on the production of microty-
pologies.

2 Macrotypologies of Slovenia

Slovenian geographers and similar professionals have produced various classifications of Slovenia (Kladnik
1996; Kladnik and Perko 1998; Perko and Cigli¢ 2020a, 2020b). Most divisions are based on one landscape
element or only a few elements. They include several regionalizations, but only five classifications can be
defined as landscape typologies. Three were produced by the geographical institute’s directors, and two
were also co-created by other institute employees. Nearly seventy years passed between the first one pro-
duced in 1946 and the last one produced in 2013, and during this period people’s attitude toward nature
and landscape changed significantly. However, with the development of modern technology, geographical
methodology changed even more. This also influenced the design and characteristics of these five land-
scape typologies of Slovenia, which are presented below. They were produced for the territory of all of Slovenia
at the highest spatial levels and can therefore be defined as macrotypologies.

2.1 MeliK’s typology (1946)

The first landscape typology to cover all of Slovenia was produced by Anton Melik (1890-1966), the great-
est Slovenian geographer, who also initiated the establishment of the geographical institute in 1946 (Figure
7). He received a bachelor’s degree in geography and history in Vienna in 1916 and a doctorate in Ljubljana
in 1927. That same year, he began teaching at the University of Ljubljana. In 1940, he became a member
of the Slovenian Academy of Sciences and Arts, and in 1946 he was appointed director of the geograph-
ical institute, which was named after him in 1976, ten years after his death. His most important works include
the first general geographical work on Slovenia in two volumes (Melik 1935-1936) and the first regional
geographical work on Slovenia in four volumes (Melik 1954, 1957, 1959, and 1960).

The first major work that he tackled as the institute’s director was a landscape typology of Slovenia
(Melik 1946), which covered Slovenia and ethnic Slovenian areas outside Slovenia. Without using any
special methodology and relying primarily on his expertise and fieldwork experience, he divided the
territory in terms of geomorphology, rocks, and climate. According to Melik (1946), the purpose of his
typology was not to divide Slovenia only into natural landscape units, but primarily into such homoge-
nous units that offered similar opportunities for the economy and its development for people and society
in general.

He published a map with boundaries between the types and described their natural and social char-
acteristics in the main text, also listing the most important (micro)regions within each type.

He entitled the map presenting this typology Prirodnogospodarska sestava Slovenije (Natural Economic
Structure of Slovenia) and referred to its units as prirodni sestavni deli ‘natural component parts.

Figure 5: Original map of Meliks landscape typology of Slovenia (Melik 1946) with legend: | High Alpine mountains, Il Low Alpine mountains,
[IFHills, IV Low hills, V/ Plains and wide valleys, VI Dinaric high plateaus, VI Karst hills with low plateaus and lowlands, and VIl Karst poljes. » p. 16

Figure 6: Updated map of Melik's landscape typology of Slovenia. » p. 17
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VLADO VIVOD, GIAM ZRC SAZU ARCHIVE

Figure 7: Anton Melik (1890—1966), author of the first landscape typol- Figure 8: Svetozar llesic (1907—1985), author of the second landscape
ogy of Slovenia. typology of Slovenia.

He divided the territory into eight macrounits, whose names represented typical landscape types (e.g.,
hribovje ‘hills’). He then divided these further into three submacrounits and thirteen mesounits, which
he partly named as a landscape type (e.g., the mesounit $irse doline ‘wide valleys’), a region (e.g., the sub-
macrounit Bela krajina “‘White Carniola’), or something in between (e.g., the mesoregion dolina ob zgornji
Krki ‘valley along the upper Krka River’).

The basic types in MeliK’s division of Slovenia were as follows (Figures 5 and 6):

o visokogorski alpski predel ‘high Alpine mountains’;

o predel alpskega sredogorja low Alpine mountains’;

o hribovje ‘hills’ as the largest type, covering 23.8% of Slovenia;

o predel goric ‘low hills’;

o ravnine in vedje doline ‘plains and wide valleys’;

o dinarske visoke planote ‘Dinaric high plateaus’;

o krasko hribovje z nizjimi planotami in podolji ‘karst hills with low plateaus and lowlands’; and
o kraska polja ‘karst poljes’ as the smallest type, covering only 1.3% of Slovenia.

It is interesting that, compared to MeliK’s regionalization (Melik 1954, 1957, 1959, and 1960), which
was slightly deficient in certain aspects, his typology (Melik 1946) met with significantly less response in
the Slovenian professional community, even though it was based on more thorough research (Perko 1998a).

2.2 Ilesic’s typology (1958)

The second landscape typology of all of Slovenia was produced by Svetozar Ilesi¢ (1907-1985), who received
abachelor’s degree in geography and history in Ljubljana in 1930, followed by a doctorate in 1933. In 1967,
he became a member of the Slovenian Academy of Sciences and Arts, and he served as the second direc-
tor of the geographical institute from 1967 to 1981 (Figure 8).
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Various classifications of Slovenian territory formed an important part of his work as a researcher. Even
though he advocated a uniform and complex geography, he believed that nature and society differ from
one another to the extent that two basic types of territorial geographical division are necessary: a land-
scape-physiognomic one, which falls into the realm of physical geography, and an economic-functional
one, which is the subject of human geography (Ilesi¢ 1958).

Among the divisions he produced, his landscape typology of Slovenia stands out. He published it three
times with minor modifications. First, he only published the names and more non-technical descriptions
of individual units (Ilesi¢ 1956), which he called pokrajine landscapes. Two years later (Ilesi¢ 1958), he
published the typology again as part of a theoretical discussion on issues connected with the geographi-
cal division of Slovenia. He entitled it Pokrajinsko-fiziognomicne regije Slovenije (Landscape-Physiognomic
Regions of Slovenia) in Slovenian and simply Régions physionomiques de la Slovénie (Physiognomic Regions
of Slovenia) in French. The typology was the same as the previous one, but he added a map with unit bound-
aries and improved the units hierarchy. He replaced the term pokrajina ‘landscape’ with regija ‘region’ (e.g.,
makroregija ‘macroregiorn’), but he retained it with concrete names (e.g., the macroregion Alpske pokra-
jine ‘Alpine landscapes’). He referred to the typology using two names: a landscape-type division and an
ecological division. The units of the former were pokrajinski tipi ‘landscape types’ and those of the latter
were ekoloska obmocja ‘ecological areas. On the 1972 map (Ilesi¢ 1972), he then combined both names
into the title Pokrajinsko-ekoloska raz¢lenjenost Slovenije (Landscape-Ecological Division of Slovenia), which
he himself translated into English as Landscape Types and Ecological Areas of Slovenia.

Just like with Melik, his typology covered Slovenia and its nearby surroundings, and with regard to
methodology he only presented the criterion of division - that is, a uniform, homogenous landscape phys-
iognomy or external landscape image, which is largely affected by natural landscape elements and the
anthropogenic elements strongly associated with them, such as land use, settlement type, and agriculture.

Ilesic¢ divided the territory into five macroregions and ten mesoregions (two macroregions had three
mesoregions, two macroregions had two mesoregions, and one macroregion had no mesoregions), which
represented typical landscape types (e.g., the macroregion predalpske pokrajine ‘sub- Alpine landscapes’ or
the mesoregion submediteransko-subalpske pokrajine ‘sub-Mediterranean-sub- Alpine landscapes’). He then
divided these further into thirty-seven submesoregions and ten microregions, nearly all of which were actu-
ally regions and not types (e.g., the submesoregion Julijske Alpe ‘Julian Alps’ or its microregion Zgornja
Soska dolina ‘Upper Soca Valley’).

The basic types (ten mesoregions within the macroregions and one macroregion with no mesoregions)
in Iles$i¢’s division of Slovenia were as follows (Figures 9 and 10):

o zahodne alpske pokrajine ‘western Alpine landscapes’;

o vzhodne alpske pokrajine ‘eastern Alpine landscapes’;

o zahodne predalpske pokrajine ‘western sub-Alpine landscapes’;

o vzhodne predalpske pokrajine ‘eastern sub-Alpine landscapes’;

o severovzhodne predalpske pokrajine ‘northeastern sub-Alpine landscapes’;

o prave subpanonske pokrajine ‘sub-Pannonian landscapes’ as the largest type, covering 22.0% of Slovenia;

o subpanonsko-subdinarske pokrajine ‘sub-Pannonian-sub-Dinaric landscapes’;

o kraske pokrajine notranje Slovenije ‘karst landscapes of inner Slovenia’;

o submediteransko-subalpske pokrajine ‘sub-Mediterranean—sub-Alpine landscapes’ as the smallest type,
covering 0.5% of Slovenia;

o submediteranske pokrajine ‘sub-Mediterranean landscapes’; and

o submediteransko-dinarske pokrajine ‘sub-Mediterranean-Dinaric landscapes’

Ilesi¢’s typology was met with a wider public response than that of Melik. This was partly because Ilesi¢
promoted his typology with several publications and partly because his division of Slovenia combined typol-
ogy at the higher levels with regionalization at the lower levels.

Figure 9: Original map of llesic’s landscape typology of Slovenia (llesic 1958) with legend: IA Western Alpine landscapes, 1B Eastern Alpine landscapes,
IIA Western sub-Alpine landscapes, IIB Eastern sub-Alpine landscapes, IIC Northeastern sub-Alpine landscapes, II1A Sub-Pannonian landscapes, 111B
Sub-Pannonian—sub-Dinaric landscapes, IV Karst landscapes of inner Slovenia, VA Sub-Mediterranean—sub-Alpine landscapes, VB Sub-Mediterranean
landscapes, and VC Sub-Mediterranean—Dinaric landscapes. » p. 20

Figure 10: Updated map of lesi¢’s landscape typology of Slovenia. » p. 21
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2.3 Perko’s typology (1996)

The third landscape typology of all of Slovenian territory was produced half a century after Melik by Drago
Perko while preparing a volume on Slovenia’s regional geography (Perko and Orozen Adamic¢ 1998) and
the national atlas of Slovenia (Fridl et al. 1998a, 2001). This was the first partly computer-based landscape
typology of Slovenia. Its research bases were first published in 1998, together with the natural geograph-
ical regionalization of Slovenia (Perko 1998a).

Perko started the process of typification in 1995 using a geographic information system (Idrisi, now Terrset).
He entered four data layers: the surface elevation and inclination, and lithology and vegetation types. The
inclination and elevation data were based on a 100-meter digital elevation model, and the lithology and veg-
etation data were obtained through digitization of a 1:250,000 lithological map with thirty-seven basic units
and a vegetation map with sixty-two basic units, which were both rasterized to a 100-meter grid. All four
layers were then generalized and simplified into seven classes. Perko covered and joined all four layers.
Altogether 2,401 different combinations were theoretically possible (Perko and Cigli¢ 2020a).

To reduce the number of combinations, he filtered all four layers and the combined layer three times
using the modus inside of a moving 11 x 11 cell square window, obtaining forty-eight larger and spatially
separate homogenous cores with the same combination of elevation, inclination, lithology, and vegetation.
He printed these cores on a 1:250,000 scale map and, with the help of experts for individual parts of Slovenia,
manually plotted the boundaries, mostly in morphological boundaries and larger watercourses. In the end,
he combined these forty-eight manually delineated landscape units into nine landscape types, which he
combined further into four landscape type groups (Perko and Cigli¢ 2020a).

The nine landscape types were (Figures 11 and 12):

o alpska gorovja ‘Alpine mountains’;

o alpska hribovja ‘Alpine hills’ as the largest type, covering 23.0% of Slovenia:

o alpske ravnine ‘Alpine plains’;

o panonska gri¢evia ‘Pannonian low hills’;

o panonske ravnine ‘Pannonian plains’;

o dinarske planote ‘Dinaric plateaus’;

o dinarska podolja in ravniki ‘Dinaric lowlands’;

o sredozemska gricevia ‘Mediterranean low hills’; and

sredozemske planote ‘Mediterranean plateaus’ as the smallest part, covering 3.3% of Slovenia.

The four landscape type groups were:
alpske pokrajine ‘Alpine landscapes’;

o panonske pokrajine ‘Pannonian landscapes’;

dinarske pokrajine ‘Dinaric landscapes’; and

sredozemske pokrajine ‘Mediterranean landscapes.

Based on this landscape typology, Perko et al. also produced a natural geographical regionalization of
Slovenia, which was first published in 1996 (Kladnik 1996). The four groups of landscape types present-
ed in the typology were replaced by macroregions, and the forty-eight landscape cores turned into
mesoregions (Kladnik 1996; Perko 1998a; Perko 2001; Perko 2007a; Perko, Hrvatin, and Cigli¢ 2015; Perko,
Hrvatin, and Cigli¢ 2017). In addition, the Bay of Trieste, which the Slovenian territorial waters extend
to, was defined as a special region (Perko and Kladnik 1998).

This is the combined or connecting scheme of the landscape typology and regionalization described
above:

o The macroregion Alpe ‘Alps’ (corresponding to the landscape type group Alpine landscapes in terms of
boundaries and areas covered) includes eleven mesoregions, four of which (e.g., the Julian Alps) fall under
the landscape type Alpine mountains, five (e.g., the Sava Hills) belong to the landscape type Alpine hills,
and two (e.g., the Sava Plain) fall under the landscape type Alpine plains;

Figure 11: Original map of Perko’s landscape typology of Slovenia from 1996 with legend: T Alpine mountains, 2 Alpine hills, 3 Alpine plains, 4 Pannonian
low hills, 5 Pannonian plains, 6 Dinaric plateaus, 7 Dinaric lowlands, 8 Mediterranean low hills, and 9 Mediterranean plateaus. » p. 23

Figure 12: Updated map of Perko’s landscape typology of Slovenia. » p. 24
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o The macroregion Panonska kotlina ‘Pannonian Basin’ (corresponding to the landscape type group
Pannonian landscapes) has twelve mesoregions, nine of which (e.g., the Lendava Hills) fall under the
landscape type Pannonian low hills and three (e.g., the Drava Plain) under the type Pannonian plains;

o The macroregion Dinarsko gorovje ‘Dinaric Alps’ (corresponding to the landscape type group Dinaric
landscapes) includes nineteen mesoregions, eleven of which (e.g., the Idrija Hills) fall under the land-
scape type Dinaric plateaus and eight (e.g., the Ljubljana Marsh) under the landscape type Dinaric
lowlands);

o The macroregion Sredozemlje ‘Mediterranean’ (corresponding to the landscape type group Mediterranean
landscapes) includes six mesoregions, four of which (e.g., the Koper Hills) fall under the landscape type
Mediterranean low hills and two (e.g., the Karst Plateau) under the landscape type Mediterranean plateaus).

Among all five typologies presented, the one produced by Perko has become the most established. It
has been incorporated in all major geographical works on Slovenia published after Slovenia’s independence:
the eleventh volume of Enciklopedija Slovenije (Encyclopedia of Slovenia, 1997), Geografski atlas Slovenije

(Geographical Atlas of Slovenia; Fridl et al. 1998a), the book on Slovenia’s regional geography titled Slovenija:

Pokrajine in ljudje (Slovenia: Regions and People; Perko and Orozen Adamic¢ 1998), Nacionalni atlas Slovenije

(National Atlas of Slovenia; Fridl et al. 2001), Popisni atlas Slovenije 2002 (Census Atlas of Slovenia, 2002;

Dolenc et al. 2007), the atlas Slovenia in Focus (Fridl et al 2008), Terasirane pokrajine (Terraced Landscapes;

Perko, Cigli¢, and Gersi¢ 2016; Perko et al. 2017), and The Geography of Slovenia: Small but Diverse (Perko,

Cigli¢, and Zorn 2020a). It has been introduced to primary school students via Solska karta Slovenije v mer-

ilu 1 : 500.000 (1:500,000 School Map of Slovenia; Perko 1997), Geografski atlas za osnovno $olo

(Geographical Atlas for Primary Schools; Fridl et al. 1998b), and the popular science magazine Geografski

obzornik (Geographical Horizon; Perko 1998c¢). In 2008, it was also incorporated into Slovenian legisla-

tion, being used as the basis for assessing land quality (Perko, Hrvatin, and Cigli¢ 2015).

2.4 Spes et al’s typology (2002)

This typology was created as part of producing the methodology for studying environmental vulnerabil-
ity at the national and local levels as stipulated by the 2003 Slovenian environmental protection legislation
to ensure a more quality sustainable development of Slovenia. A detailed description of the methodolo-
gy and data sources used is provided in Spes et al. (2002).

The researchers first produced a three-level landscape ecological regionalization based on the domi-
nant landscape elements. The criteria of division at the highest level were primarily elevation differences,
the share of carbonate rock, and average annual temperatures and precipitation, and the main criterion
at the second level was the alternation of major concave and convex landforms (e.g., hills and valleys or
plateaus and lowlands). At the first level, they defined five macroregions (Alpine Slovenia, Prealpine Slovenia,
Pannonian Slovenia, Dinaric-Karst Slovenia, and Mediterranean Slovenia), referring to them as pokra-
jinskoekoloske makroenote landscape ecological macrounits. At the second level, they defined sixty
mesoregions called pokrajinskoekoloske mezoenote ‘landscape ecological mesounits, and at the third level
they defined 223 microregions called pokrajinskoekoloske podenote ‘landscape ecological subunits.

Then the researchers combined similar landscape ecological units to produce a landscape typology
with fourteen landscape ecological types: thirteen for land and one for sea. Their land types included the
following (Figures 13 and 14):

o visokogorski svet ‘mountains’;

o SirSe recne doline v visokogorju, hribovju in na krasu ‘wide valleys in mountains, hills, and karst’;

o visoke kraske planote in hribovja v karbonatnih kamninah ‘high karst plateaus and hills of carbonate rocks’;

o hribovja v pretezno nekarbonatnih kamninah ‘hills of non-carbonate rocks’ as the largest type, covering
22.4% of Slovenia;

Figure 13: Original map of the Spes et al. landscape typology of Slovenia (Spes et al. 2002) with legend: 1 Mountains, 2 Wide valleys in mountains,
hills, and karst, 3 High karst plateaus and hills of carbonate rocks, 4 Hills of non-carbonate rocks, 5 Inter-mountain basins, 6 Low hills in inner Slovenia,
7 Plains and wide valleys in low hills in inner Slovenia, 8 Karst poljes and lowlands, 9 Low karst of Inner Carniola and Lower Carniola, 10 Low karst of
White Carniola, 11 Karst and Podgorje Karst plateaus, 12 Low hills in the Littoral, and 13 Wide valleys and plains in the Littoral. » p. 26

Figure 14: Updated map of the Spes et al. landscape typology of Slovenia. » p. 27
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medgorske kotline ‘inter-mountain basins’;

o gricevje v notranjem delu Slovenije ‘low hills in inner Slovenia’;

o ravnine in $irse doline v gricevju notranjega dela Slovenije ‘plains and wide valleys in low hills in inner
Slovenia’;

kraska polja in podolja ‘karst poljes and lowlands’;

nizki kras Notranjske in Dolenjske ‘low karst of Inner Carniola and Lower Carniola’;

nizki kras Bele krajine ‘low karst of White Carniola’;

Kras in Podgorski kras ‘Karst and Podgorje Karst plateaus’;

gricevje v primorskem delu Slovenije ‘low hills in the Littoral’; and

SirSe doline in obalne ravnice v primorskem delu Slovenije ‘wide valleys and plains in the Littoral’ as the
smallest type, covering 1.2% of Slovenia.

They added a geographical definition to some of the types (e.g., inner Slovenia or Lower Carniola), and
with one type they simply combined the names of two microregions or subunits (i.e., Karst and Podgorje
Karst).

Both Ilesi¢ and Spes et al. combined the types and regions to some extent. Ilesi¢ divided the landscape
types into smaller regions, and Spes et al. combined smaller regions into landscape ecological types, treat-
ing them as relatively homogenous areas that respond similarly to anthropogenic impacts and, as such,
are extremely important for environmental vulnerability analyses.

2.5 Perko, Hrvatin, and Cigli¢’s typology (2013)

The landscape types of all four typologies presented so far represented contiguous and more or less round-
ed-off polygons on the map. An individual landscape type may have represented only one polygon in one
place or it may have appeared in several places, in the form of several spatially separated polygons. However,
in the landscape typology produced by Drago Perko, Mauro Hrvatin, and Rok Cigli¢ in 2013, the land-
scape types were represented by cells that either touched one another, forming a polygon (i.e., they were
contiguous), or were located far from one another (i.e., they were independent).

Based on the spatial overlap of 195 landform units, 938 lithological units, and sixty-five vegetation units,
the researchers used the geographical information system to produce a typification at multiple levels with
a different number of types, which makes it applicable to various areas and for various purposes. At the
most detailed level, as many as 11,889,150 unit combinations were theoretically possible and at the most
general level, which relied on the spatial overlap of four landform units, seven lithological units, and seven
vegetation units, the number of possible combinations was 196, which was manageable. The combinations
formed the basis for defining landscape types. A detailed description of the method and data sources used
is provided in the article where this typology was first published (Perko, Hrvatin, and Cigli¢ 2015). Here,
only the most generalized typology, which includes twenty-four landscape types, is provided for illustra-
tion.

The researchers used a 25-meter digital elevation model with 32,436,693 cells as the basic GIS layer.
At this resolution, all three vector layers were then converted into raster format. This way, each square cell
with a 25 m baseline and an area of 6.25 ares was furnished with information on the landform unit, litho-
logical unit, and vegetation unit it belonged to.

Through generalization, the researchers gradually reduced and logically combined the number of small-
er units. They produced intermediate typologies of various precision, only retaining four landform units,
seven lithological units, and seven vegetation units for the simplest typology at the last level.

The final landform units included:

« Plains;

o Low hills;

o High hills; and
» Mountains.

The combined lithological units included:

» Non-carbonate sediments (clay, silt, sand, silicate gravel);
o Carbonate sediments (carbonate gravel, rubble, till);

« Fine-grained clastic rocks (claystone, siltstone, marl);

o Flysch (sandstone, marl);
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o Coarse-grained clastic rocks (carbonate conglomerate, silicate sandstone, conglomerate);

« Carbonate rocks (limestone, dolomite, carbonate clastic rocks); and

o Metamorphic and igneous rocks with tuffs (metamorphic rocks, igneous rock, tuffs, tuffites).
The outcome of the final stage of generalizing vegetation units was as follows:

« Downy oak and sessile oak (occasional European hophornbeam);

 European hornbeam, oak, and red pine (occasional black alder, elm, and fir);

o Beech;

o Beech and fir;

o Beech and European hophornbeam;

o Beech, chestnut, and various oaks; and

o Fir, spruce, and highland vegetation.

By statistically analyzing the spatial overlap of all three unit types, their combination was determined
for each cell. For example, if a cell ranked as low hills in terms of landform unit, as flysch in terms of litho-
logical unit, and as downy oak and sessile oak in terms of vegetation unit, its combination was »low hills
+ flysch + downy oak, sessile oak.« This means that part of the landscape, which in the GIS virtual reali-
ty was represented by this cell, was composed of low hills made of flysch and covered in downy oak and
sessile oak.

Combinations with the highest frequency and thus area were defined as important and used for deter-
mining the landscape types. Of the 196 unit combinations theoretically possible, 175 were actually identified.
The twenty most frequent unit combinations covering nearly two-thirds of Slovenia were defined as land-
scape types, and the rest were logically categorized under four additional types, in which the landform
unit was the key factor.

The landscape types identified were as follows (Figure 15; the number of the type used in the map leg-
end is provided in parentheses):

o ravnina + nekarbonatne usedline + beli gaber, dob, rdeci bor ‘plains + non-carbonate sediments + European

hornbeam, oak, red pine’ (1);

ravnina + nekarbonatne usedline + bukev, kostanj, hrasti ‘plains + non-carbonate sediments + beech, chest-

nut, various oaks’ (2);

ravnina + karbonatne usedline + beli gaber, dob, rdeci bor ‘plains + carbonate sediments + European horn-

beam, oak, red pine’ (3);

ostale ravnine ‘other plains’ (4);

o gricevje + nekarbonatne usedline + beli gaber, dob, rdeci bor ‘low hills + non-carbonate sediments + European
hornbeam, oak, red pine’ (5) as the smallest type, covering 1.6% of Slovenia;

o gricevje + nekarbonatne usedline + bukev, kostanj, hrasti ‘low hills + non-carbonate sediments + beech,
chestnut, various oaks’ (6);

o gricevje + drobnozrnate klasticne kamnine + bukev, kostanj, hrasti ‘low hills + fine clastic rocks + beech,
chestnut, various oaks’ (7);

o gricevje + fli§ + puhasti hrast, graden ‘low hills + flysch + downy oak, sessile oak’ (8);

o gricevje + flis + bukev, kostanj, hrasti ‘low hills + flysch + beech, chestnut, various oaks’ (9);

o gricevje + karbonatne kamnine + puhasti hrast, graden ‘low hills + carbonate rocks + downy oak, ses-
sile oak’ (10);

o gricevje + karbonatne kamnine + beli gaber, dob, rdeci bor ‘low hills + carbonate rocks + European horn-
beam, oak, red pine’ (11);

o gricevje + karbonatne kamnine + bukev low hills + carbonate rocks + beech’ (12);

o gricevje + karbonatne kamnine + bukev, jelka ‘low hills + carbonate rocks + beech, fir’ (13);

o gricevje + karbonatne kamnine + bukev, kostanj, hrasti ‘low hills + carbonate rocks + beech, chestnut,

various oaks’ (14);

ostala gricevja ‘other low hills’ (15);

hribovje + grobozrnate klasticne kamnine + bukev ‘high hills + coarse clastic rocks + beech’ (16);

hribovje + karbonatne kamnine + bukev ‘high hills + carbonate rocks + beech’ (17);

hribovje + karbonatne kamnine + bukev, jelka ‘high hills + carbonate rocks + beech, fir’ (18);

Figure 15: Map of the Perko, Hrvatin, and Cigli¢ landscape typology of Slovenia from 2013 (the type number in the legend corresponds to the type
number from the list of types in the text; Perko, Hrvatin, and Cigli¢ 2013). » p. 30
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hribovje + karbonatne kamnine + bukev, gabrovec ‘high hills + carbonate rocks + beech, European hophorn-
beam’ (19);

hribovje + metamorfne in magmatske kamnine s tufi + bukev, kostanj, hrasti ‘high hills + metamorphic
and igneous rocks with tuffs + beech, chestnut, various oaks’ (20);

o ostala hribovja ‘other high hills’ (21) as the largest type, covering 14.9% of Slovenia;

o gorovje + karbonatne kamnine + bukev ‘mountains + carbonate rocks + beech’ (22);

o gorovje + karbonatne kamnine + jelka, smreka, visokogorsko rastje ‘mountains + carbonate rocks + fir,
spruce, highland vegetation’ (23); and

ostala gorovja ‘other mountains’ (24).

Because the typology was completely computerized, an important part of the typification process was
dedicated to testing it on the ground. The researchers first checked a few test areas by themselves and then,
based on their experience, selected five test cases on wooded land and five on neighboring, already cleared
land for each of the twenty-four landscape types. They also developed a suitable procedure and informa-
tion form for the geographical institute’s researchers that visited and checked the test areas. Fieldwork was
documented through written reports, photos, drawings, and other material.

The researchers conceive the landscape types defined and tested in the manner described above as rel-
atively homogenous natural spatial units that have a similar impact on social landscape elements, respond
similarly to human-induced changes, and require similar protection.

According to Perko, Hrvatin, and Cigli¢, the main advantage of their typology is its flexibility because,
on the one hand, organizing data in GIS allows constant updates, additions, and expansions, and, on the
other, relatively fast and simple creation of landscape typologies at various levels, with various precision,
a different number of types, and for various purposes.

2.6 Comparing the macrotypologies

A great deal of similarity can be established between the macrotypologies of Slovenia presented, but also
several important differences (Table 1).

Melik and Ilesi¢ only presented tentative criteria for dividing the territory into types, whereas in the
other three typologies the criteria were significantly more refined and other methodological approaches
to typification were also comprehensibly described.

The authors of the four oldest landscape typologies manually drew the boundaries of the landscape
types presented as polygons, whereas in the most recent typology the landscape types presented as a set
of cells were defined by the computer itself based on the criteria selected by the researchers.

There are also differences in aspects related to the purpose of the typology. Spes et al. advocated the
ecological aspect of landscape types because they were interested in their vulnerability. Ile$i¢ adopted a sim-
ilar approach, whereas Melik emphasized the economic aspect because he viewed landscape types through
the prism of economic development opportunities. These aspects are also evident from the types’ names
(Table 1).

Three approaches to hierarchizing and combining types and regions can be observed: Ilesi¢ divided
the types at the lowest level into regions, Spes et al. combined similar smaller regions into types, and Perko
combined the types and regions at the same levels. In addition, the researchers combined the elements of
regionalization with their typologies in other ways. Melik almost never mixed types and regions in the
typology itself, but in his descriptions of individual types he consistently listed the microregions into which
he divided the types. In turn, Ilesi¢ practically augmented his typology with regionalization: his units at
the first and second levels are types and his units at the lower levels are regions.

The fewest types were defined by Melik (eight) and the most by Perko, Hrvatin, and Cigli¢ (twenty-
four, or three times as many). The greatest imbalance in size between the largest and smallest types can
be found in Ile$i¢’s typology, where the largest type is over forty times larger than the smallest one. The
smallest difference can be observed in Perko’s typology, where the largest type is only seven times larger
than the smallest one.

The three most recent typologies were partly or fully produced using a geographic information sys-
tem. Perko and Spes et al. converted the data into raster format using a 100-meter digital elevation model,
and the authors of the most recent typology used 25-meter digital elevation model.
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To establish similarities between the typologies (Figures 16 to 24), ten contingency tables were creat-
ed to compare each typology with all the others (ten tables was the maximum number possible for five
typologies). The frequency (area) of all types within one typology was determined across all types of the
other four typologies and vice versa. Thus, for example, the landscape ecological type mountains in Spes
et al’s typology can be categorized in full under the landscape type Alpine mountains in Perko’s typology
and, vice versa, the landscape type Alpine mountains in Perko’s typology can be categorized under five
landscape ecological types in Spes et al’s typology (about six-tenths under the type mountains and one-
tenth under four other types).

Table 1: Comparison of macrotypologies of Slovenia.

Authors Year  Typology Terminology No. of basic Average basic ~ Ratio between Resolution

described as used for type types type size (km?)  largest and smallest (m)
basic types

Melik 1946 Natural- natural 8 2,534 19:1 -
-economic component part

llesic 1958 Landscape- landscape type 11 1,843 411 -
-typological ecological area
and ecological

Perko 1996 Landscape landscape type 9 2,252 71 100

Spes etal. 2002 Landscape landscape 13 1,559 181 100
ecological ecological type

Perko, Hrvatin, 2013 Landscape landscape type 24 845 91 25

and Cigli¢
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Figure 16: According to the 1996 geographical regionalization of Slovenia produced by Perko et al., the Sava Hills constitute the largest Slovenian region
(Perko 19982; Perko and Ciglic 2020b). Melik largely included the Sava Hills under hills (Melik 1946), lleSic largely under eastern sub-Alpine landscapes
(Ilesi¢ 1972), Perko in full under Alpine hills (Perko and Cigli¢ 2020a), and Spes et al. mostly under hills of non-carbonate rocks (Spes et al. 2002).
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ALES KRIVEC, SHUTTERSTOCK.COM

Figure 17: The Julian Alps are the northwesternmost region in Slovenia (Perko 1998a). Melik largely included the Julian Alps under high Alpine moun-
tains (Melik 1946), llesic largely under western Alpine landscapes (llesic 1972), Perkoin full under Alpine hills (Perko and Ciglic 2020a), and Spes et
al. mostly under mountains (Spes et al. 2002). The picture in front shows the Sava River and the town of Jesenice.

ALES KRIVEC, SHUTTERSTOCK.COM

Figure 18: The Sava Plain region (Perko 1998a) occupies the northern part of the Ljubljana Basin. Melik mostly included the Sava Plain under plains
and wide valleys (Melik 1946), llesic mostly under western sub-Alpine landscapes (llesic 1972), Perko in full under Alpine plains (Perko and Ciglic 2020a),
and Spes et al. in full under inter-mountain basins (Spes et al. 2002). The picture shows the northeastern part of the region with Lake Bled.

33



Drago Perko, Rok Cigli¢, Mauro Hrvatin, Landscape macrotypologies and microtypologies of Slovenia

MATEVZ LENARCIC, GIAM ZRC SAZU ARCHIVE

llesic in full under sub-Pannonian landscapes (llesic 1972), Perko in full under Pannonian low hills (Perko and Cigli¢ 2020a), and Spes et al. largely
under low hills in inner Slovenia (Spes et al. 2002). All Slovenian Pannonian low hills are characterized by vineyards.
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Figure 20: The Mura Plain region (Perko 1998a) is characterized by the interchange of fertile fields and often flooded forests along river meanders. Melik
included the Mura Plain in full under plains and wide valleys (Melik 1946), llesic in full under sub-Pannonian landscapes (llesic 1972), Perko in full
under Pannonian plains (Perko and Cigli¢ 2020a), and Spes et al. in full under plains and wide valleys in low hills in inner Slovenia (Spes et al. 2002).
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Figure 21: In the middle of the Inner Carniola Lowland region (Perko 1998a) lies well-known intermittent Lake Cerknica. Melik mostly included the
Inner Carniola Lowland under karst hills with low plateaus and lowlands (Melik 1946), leic in full under karst landscapes of inner Slovenia (Ile$ic 1972),
Perko in full under Dinaric lowlands (Perko and Cigli¢ 2020a), and Spes et al. largely under karst poljes and lowlands (Spes et al. 2002).

MATEVZ LENARCIC, GIAM ZRC SAZU ARCHIVE

Figure 22: South of the Nanos Plateau, the freeways branch off to Trieste to the south and Gorizia to the west. Melik included the Nanos Plateau in full
under Dinaric high plateaus (Melik 1946), llesic in full under karstlandscapes of inner Slovenia (lleSic 1972), Perko in full under Dinaric plateaus (Perko
and Cigli¢ 2020a), and Spes et al. in full under high karst plateaus and hills of carbonate rocks (Spes et al. 2002).
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MATEVZ LENARCIC, GIAM ZRC SAZU ARCHIVE

Figure 23: The Brkini Hills region on the edge of the Mediterranean is characterized by a cultural terraced landscape. Melik included the Brkini Hills in
full under hills (Melik 1946), lleic in full under sub-Mediterranean—Dinaric landscapes (llesic 1972), Perko in full under Mediterranean low hills (Perko
and Cigli¢ 2020a), and Spes et al. in full under hills of non-carbonate rocks (Spes et al. 2002).
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Figure 24: The Podgrad Lowland is a karst region south of the Brkini Hills, less than 30 km from the Adriatic coast. Melik included the Podgrad Lowland
in full under karst hills with low plateaus and lowlands (Melik 1946), llesic in full under sub-Mediterranean—Dinaric landscapes (llesic 1972), Perko
in full under Mediterranean plateaus (Perko and Cigli¢ 2020a), and Spes et al. in full under karst poljes and lowlands (Spes et al. 2002).
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Correlation coefficients were calculated. The higher they are, the more similar two typologies are and
to a lesser extent the types of one typology are scattered across the types of the other.

The greatest similarity was established between Ile$i¢’s and Perko’s typologies, with a correlation coef-
ficient of 0.8302, and the smallest similarity was determined between Iles$i¢’s and Perko, Hrvatin, and Cigli¢’s
typologies (0.4978).

All the typologies have the highest correlation coefficients with Perko’s typology: the coefficient estab-
lished for MeliK’s typology was 0.7622, for Ilesi¢’s typology it was 0.8302, for Spes et al. it was 0.7393, and
for Perko, Hrvatin, and Cigli¢ it was 0.6819. Therefore, to present Slovenia’s basic landscape characteris-
tics, an overview of landscape types in Perko’s typology is added below (Table 2).

On average, Perko’s typology has the highest correlation coefficient (0.7534), followed by that of Spes
etal. (0.6812), Ilesic¢ (0.6796), and Melik (0.6596). Perko, Hrvatin, and Cigli¢’s typology has the lowest coef-
ficient (0.5782), which makes sense because it uses a different methodology than the four older typologies.

The correlation coefficients between individual macrotypologies are not low, which suggests that the
macrotypologies of Slovenia differ from one another in finer details but are similar in general. Their sim-
ilarity to the macrotypologies of Slovenia produced by researchers from abroad is discussed in the next
section.

Table 2: Some basic characteristics of the landscape types in Perko’s typology (updated based on Perko and Ciglic 2020a). » p. 38—41
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Variable Landscape type group
Alpine landscapes Pannonian landscapes
Area (km?) 8,540.95 4,291.51
% of area 4213 2117
Mean elevation (m) 731.90 260.61
Mean inclination (°) 20.18 7.48

Most frequent rock type

limestone 17.17%; dolomite 13.40%;
carbonate gravel, rubble, and till 13.34%;

silicate sandstone and conglomerate 11.03%

clay and silt 30.66%; marl 20.96%;
silicate gravel 19.13%; sand 14.65%

Most frequent vegetation type

beech 42.53%; beech, chestnut,
and various oaks 19.17%; beech

beech, chestnut, and various oaks 65.53%;
hombeam and pedunculate oak 16.37%;

and hophornbeam 10.82% hornbeam 10.03%
Insolation (MJ/m?) 3,876.93 4,145 64
% of fields 4.23 3061
% of vineyards 0.09 216
% of orchards 1.50 283
% of meadows and pastures 18.44 19.02
% of forests 66.88 36.72
% of built-up areas 4,68 743
Average landscape diversity 0.182028 0.151146
% of hotspot area 13.68 6.00
% of coldspot area 335 7.78
Populationin 1931 561,090 439,367
% of population in 1931 40.15 3144
Populationin 1961 696,945 497,312
% of population in 1961 43.79 31.25
Population growth index, 1931-1961 124.21 113.19
Populationin 1991 924,174 547787
% of population in 1991 47.01 27.86
Population growth index, 19311991 164.83 124.52
Population growth index, 19611991 132.70 110.01
Populationin 2011 959,695 540,148
% of population in 2011 46.81 2635
Population density in 2011 112,36 125,86
(people per km?)
Population growth index, 1931-2011 171.04 122.94
Population growth index, 1991-2011 103.77 98.73
Number of settlements in 2011 2,237 1,636
Settlement density in 2011 26.19 38.12
(number per 100 km?)
Average size of settlementin 2011 429.01 330.16
(people per settlement)
Population in 2017 by houses 1,032,122 574,203
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Landscape type group
Dinaric landscapes Mediterranean landscapes Slovenia
5,706.25 1,734.29 20,273.30
28.15 8.55 100.00
57991 351.74 556.83
12.70 11.22 14.62
limestone 54.66%; dolomite 21.17%; flysch 45.95%; limestone 37.83% limestone 26.67%; clay and silt 13.13%;
clay and silt 11.07% dolomite 12.39%

beech 35.36%; beech and fir 29.78%;

downy oak and hophornbeam 31.20%;

beech 29.53%; beech, chestnut,

hornbeam and fir 12.80% downy oak 16.82%; beech, chestnut, and various 0aks 24.94%
and various oaks 16.04%;
sessile 0ak 15.07%; beech 14.57%

4,006.00 4,376.02 4,012.84
3.84 437 9.71
0.30 416 0.94
083 346 1.76
1791 19.08 18.47
7333 62.10 61.90
331 6,17 501

0.147703 0.141510 0.162362
3.86 2.48 833
14.89 19.34 8.90

238,274 158,919 1,397,650
17.05 1137 100.00

253,909 143,357 1,591,523
15.95 9.01 100.00
106.56 90.21 113.87

309,492 184,533 1,965,986
15.74 9.39 100.00
129.89 116.12 140.66
121.89 128.72 123.53

352,941 197,405 2,050,189
17.22 9.63 100.00
61,85 113,82 101,13
148.12 124.22 146.69
114.04 106.98 104.28
1,642 515 6,030
28.78 29.70 29.74
214.95 38331 340.00

381,404 212,550 2,200,279
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Variable Landscape type

Alpine mountains Alpine hills Alpine plains Pannonian low hills
Area (km?) 3,061.77 4,659.97 819.21 2,994.52
% of area 15.10 22.99 4,04 14.77
Mean elevation (m) 1,055.45 582.38 373.09 288.77
Mean inclination (°) 26.24 18.94 4.56 10.29
Most frequent rock type limestone 37.22%; silicate sandstone and carbonate gravel, rubble, clay and silt 31.10%;

carbonate gravel, rubble,  conglomerate 17.26%; and till 51.70%; clay marl 29.71%;

and till 19.67%; metamorphicrocks 16.57%;  and silt 21.62%; carbonate sand 20.26%

dolomite 14.38% dolomite 14.87% conglomerate 15.40%
Most frequent heech 49.42%; dwarf pine  beech 41.85%; beech, hornbeam 65.33%; beech, chestnut,
vegetation type and other highland chestnut, and various beech 20.69%; and various oaks 83.18%

vegetation 12.92%; beech  oaks 31.37%; beech and red pine 10.51%
and fir 12.10%; beech hophornbeam 12.25%
and hophornbeam 11.48%

Insolation (MJ/m?) 3,705.84 3,953.62 4,080.05 4,131.55
% of fields 0.53 3.1 2443 2123
% of vineyards 0.00 0.17 0.01 3.00
% of orchards 0.49 218 1.40 3.55
% of meadows and pastures 12.68 2174 217 2297
% of forests 74.38 68.12 31.79 43.07
% of built-up areas 1.04 403 19.74 5.56
Average landscape diversity 0.183556 0.182367 0.174393 0.154415
% of hotspot area 12.46 14.10 15.84 631
% of coldspot area 121 335 11.37 3.80
Population in 1931 82,906 263,809 210,332 258,404
% of population in 1931 593 18.88 15.05 18.49
Population in 1961 89,621 292,985 314,339 256,737
% of population in 1961 563 18.41 19.75 16.13
Population growth inde, 108.79 112.32 144.28 100.08
1931-1961
Population in 1991 92,224 338,344 493,606 252,074
% of population in 1991 469 7.2 25.11 12.82
Population growth index, 111.95 129.98 226.56 96.04
1931-1991
Population growth inde, 102.90 115.71 157.03 95.96
1961-1991
Populationin 2011 89,581 354,244 515,870 251,208
% of population in 2011 437 17.28 25.16 12.25
Population density in 2011 29.26 76.02 629.72 83.89
(people per km?)
Population growth index, 108.74 135.81 236.77 97.92
1931-2011
Population growth index, 97.13 104.49 104.57 101.96
1991-2011
Number of settlements in 2011 303 1528 406 1252
Settlement density in 2011 9.90 3279 49.56 4181
(number per 100 km?)
Average size of settlement in 295.65 231.84 1270.62 200.65
2011 (people per settlement)
Population in 2017 by houses 95,134 398,339 538,649 282,718

40



Acta geographica Slovenica, 61-3, 2021

Landscape type
Pannonian plains Dinaric plateaus Dinaric lowlands Mediterranean low hills Mediterranean plateaus
1,296.99 3,809.32 1,896.93 1,061.02 673.27
6.40 18.79 9.36 533 332
195.59 668.09 402.83 305.11 42522
1.00 15.24 7.61 12.66 8.94
silicate gravel 59.62%; limestone 59.13%; [imestone 45.69%; flysch 71.56%; limestone 82.52%;
cay and silt 20.65% dolomite 24.29% day and silt 28.29%; clay and silt 13.75%; dolomite 11.22%
dolomite 14.90% limestone 10.10%
horbeam and pedunculate beech 39.01%; hornbeam and fir 32.42%; ~ downy oak 26.45%; downy oak and
0ak 44.44%; hornbeam beech and fir 38.65%; beech 28.03%; beech, chestnut, hophornbeam 69.80%;
24.22%, pedunculate beech and hornbeam and and various oaks 25.66%, beech 20.64%
0ak 17.40%; beech, chestnut,  hophombeam 10.02%  pedunculate oak 13.65%; sessile 0ak 20.77%;
and various oaks 13.23% beech and fir 11.97% beech 10.72%
4,178.22 3,947.64 412322 4,372.86 4,381.01
52.26 1.26 9.02 6.18 151
0.22 0.24 0.40 6.03 1.21
1.16 0.61 1.26 537 0.46
9.89 12.87 2802 1.81 4.3
22.06 83.21 5351 57.89 68.74
1175 147 7.02 7.80 361
0.143597 0.144251 0.154634 0.149312 0.129215
531 3.20 5.17 3.86 0.29
16.98 16.37 11.90 14.18 27.46
182,780 102,324 137,160 129,568 30,367
13.08 732 9.81 9.27 217
240,575 77,143 176,766 120,570 22,787
15.12 4.85 1N 7.58 143
131.59 75.18 13030 93.65 75.52
295,713 63,940 245,552 160,791 23,742
15.04 3.25 12.49 8.18 1.21
164.49 62.36 180.97 124.89 78.68
125.01 82.95 138.88 13336 104.19
288,940 65,565 287,376 172,369 25,036
14.09 3.20 14.02 841 1.22
222.78 7.1 151.50 162.46 37.19
158.04 63.90 211.83 133.88 82.97
96.08 102.46 117.06 107.20 105.45
384 809 833 380 135
29.67 21.24 4391 35.81 20.05
75245 81.04 344.99 453.60 185.45
291,485 77,076 304,328 183,488 29,062
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3 Slovenia in European macrotypologies

All the authors of the landscape typologies discussed (Melik 1946; Ilesi¢ 1958; Perko 1998a; Spes et al. 2002;
Perko, Hrvatin, and Cigli¢ 2015) and other Slovenian geographers highlight the landscape diversity of
Slovenia’s small territory, resulting from its location at the intersection of four major European geographical
units: the Alps, the Pannonian Basin, the Dinaric Alps, and the Mediterranean (Melik 1935; Gams 1998;
Kladnik and Perko 1998; Plut 1999; Perko, Hrvatin, and Cigli¢ 2017; Perko, Cigli¢, and Zorn 2020b). The
landscape and similar divisions of Europe that also include Slovenia reveal how the country is viewed by
professionals outside Slovenia.

Nine such classifications of Europe were reviewed to examine which macrounits Slovenia is catego-
rized under and to what extent these divisions are similar to Slovenian landscape typologies. They include:
1. The Environmental Stratification of Europe (Miicher et al. 2003; Metzger et al. 2005; Jongman et al. 2006);
2. The European Landscape Classification (LANMAP2; Miicher et al. 2003; Miicher et al. 2006; Miicher

etal. 2010);

3. The Digital Map of European Ecological Regions (DMEER 2003);

4. Biogeographical Regions (2016);

. The Physical-Geographical Classification of Europe (Germ. Physisch-geographische Gliederung Europas;
Bohn et al. 2003);

. The Pan-European Landscape Types (Meeus 1995);

. The Terrestrial Ecoregions of the World (Olson et al. 2001);

. The Biogeographical Provinces of Europe (European Environment Agency 1995); and

. The Biogeographic Map of Europe (Rivas-Marinez, Penas and Diaz 2004b) and Bioclimatic Map of Europe
(Rivas-Marinez, Penas and Diaz 2004a).

Older classifications of Europe were still produced in a more traditional and subjective manner (Miicher
etal. 2003), whereas more recent ones (e.g., the Environmental Stratification of Europe and the European
Landscape Classification) were produced using geographic information systems and digital data layers.
The size of the basic spatial data unit (cell) of some is only 1 km?®. A detailed description of all nine classifi-
cations is provided in Cigli¢ and Perko (2012). For easier comparison between the typologies, Slovenia’s
territory is displayed at the same scale on all the maps (Figures 25 to 34).

w
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3.1 Environmental Stratification of Europe

A group of researchers (Miicher et al. 2003; Metzger et al. 2005; Jongman et al. 2006) used quantitative
methods and digital data on natural factors (elevation, slope, proximity of the ocean, latitude, and vari-
ous climatic factors) to produce an environmental stratification of Europe with a resolution of 1km?.

They defined eighty-four environmental classes and combined them into thirteen environmental zones,
which were further combined into six biogeographical regions. Including islands in the Atlantic Ocean,
the stratification comprises fourteen zones and seven regions.

Slovenia is categorized under three of the six environmental regions: Alpine, Mediterranean, and
Continental (Figure 25), and under five of the thirteen environmental zones: Alpine south, Mediterranean
mountains, Mediterranean north, Pannonian, and Continental. At the lowest level, twelve of the eighty-
four classes can be identified in Slovenia (Metzger et al. 2005).

3.2 European Landscape Classification

This classification was produced based on climate, elevation, soil, and land-use data. Major urban areas,
water surfaces, and tide areas were specified separately (Miicher et al. 2006).

The authors defined eight types at the first level, thirty-one at the second level, and seventy-six at the
third level, and they specified 350 landscape types at the lowest (i.e., fourth) level (Miicher et al. 2006).

At the first level, Slovenia is classified under three types: Mediterranean, Continental, and Alpine (Figure
26). Practically the entire country lies in the Mediterranean type but, interestingly, the Gorizia Hills, a typ-
ical Mediterranean landscape, are part of the Alpine type. At the second level, Slovenia includes eight types
(without separately defined urban areas of Ljubljana and Maribor). The third level includes twelve of a total
of seventy-six types, and the final, fourth level includes nineteen of a total of 350.
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3.3 Digital Map of European Ecological Regions

This digital map was produced based on climate, topography, and geobotanical data. The authors” goal was
to present areas with homogenous ecological conditions. This typology relies heavily on vegetation, with
ecological regions largely named after the type of vegetation (Miicher et al. 2003; DMEER 2003).

It includes sixty-eight European ecological regions (DMEER 2003). On the map (Figure 27), Slovenia
lies in four units and borders one: Dinaric mountains mixed forests, Illyrian deciduous forests, Alpine conif-
erous and mixed forests, Pannonian mixed forests, and Po river Basin mixed forests.

3.4 Biogeographical Regions

Biogeographical regions were specified for the purposes of the Natura 2000 network, as stipulated in Council
Directive 92/43/EEC. This is the first time that non-administrative borders were defined in an official EU
document (Miicher Zet al. 2003). The last version is from 2016. Earlier versions were based on combining
natural vegetation in the member states of the European Community and the Council of Europe (Noirfalise
1987). Forest communities were combined into biogeographical regions, and the map was generalized. Later
versions also used the Map of Potential Vegetation produced by the German Federal Agency for Nature
Conservation (The indicative map ... 1996).

Environmental regions

- Alpine
l:l Mediterranean
- Continental

0 25 50 75 100
1km

© 2021, ZRC SAZU Anton Melik Geographical Institute

Types

- Alpine
:l Mediterranean
- Continental

0 25 50 75 100
Tkm

© 2021, ZRC SAZU Anton Melik Geographical Institute

Figure 26: European Landscape Classification, level T (Miicher et al. 2003, 2006, 2010).
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The 2016 classification includes eleven biogeographical regions. It relies on natural vegetation, but some
boundaries also run along administrative (national) borders, which is why it deviates from a completely
natural division.

According to the 2016 division, Slovenia is part of the Continental and Alpine regions, bordering the
Pannonian region to the northeast and the Mediterranean region to the southwest (Figure 28).

3.5 Physical-Geographical Classification of Europe

The German Federal Agency for Nature Conservation produced a physical-geographical classification of Europe
(Germ. Physisch-geographische Gliederung Europas) based on climate, rocks, and soil, which formed the basis
for the 1:2,500,000 Map of Natural Vegetation of Europe (Germ. Karte der natiirlichen Vegetation Europas).

Europe was divided into four subcontinents (Germ. Subkontinent): Northern Europe (Nordeuropa), Western
and Central Europe (West- und Mitteleuropa), Southern Europe (Siideuropa), and Eastern Europe (Osteuropa).
These were then divided into nine major areas (Grof$raum) and forty-seven physical-geographical regions
(physisch-geographische Region), which were further divided into subunits or subregions (Bohn et al. 2003).

Slovenia is part of two subcontinents (i.e., Western and Central Europe, and Southern Europe), three
major areas (Alpine, Carpathian, and Mediterranean; Figure 29), and four regions (the Alps, the North Italian
Plain, the Pannonian Basin, and the Balkan Peninsula).

Ecological regions

- Dinaric mountains mixed forests
Illyrian deciduous forests
Alps conifer and mixed forests

Pannonian mixed forests

g

Po river basin mixed forests

0 25 50 75 100
1km

© 2021, ZRC SAZU Anton Melik Geographical Institute

Biogeographical regions

- Alpine
|:| Pannonian
- Continental
:l Mediterranean
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© 2021, ZRC SAZU Anton Melik Geographical Institute

Figure 28: Biogeographical Regions, 2016 version.
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3.6 Pan-European Landscape Types

Meeus (1995) produced a map of pan-European landscape types based on landforms (as a consequence
of the rock base and climate), economic land-use potential, sustainability of human activity, nature con-
servation, settlement pattern, field pattern, visual impression, and the quality of the view.

The typology includes thirty landscape types combined into nine groups. Worth mentioning among
them is the group Regional landscapes, which comprises types that only appear in one or several places
thanks to their exceptional natural or cultural features (Meeus 1995).

Nearly all of Slovenia falls under a single landscape type: Mediterranean semi-bocage (Figure 30). The
French word bocage denotes a landscape of mixed farmland and forests or trees. This type is character-
ized by a Mediterranean climate, diverse land use, and the predominance of rural settlements (Meeus 1995).
Three other types can be found on the edges of Slovenia and its immediate vicinity: the Collective open
field in the east, the Delta type in the west, and the Mountain type in the north (Meeus 1995).

3.7 Terrestrial Ecoregions of the World

This map was produced based on the biogeographical characteristics of landscapes around the world.
Ecoregions are characterized by special combinations of natural communities and species. The borders

Areas
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- Carpathian
|:| Mediterranean

0 25 50 75 100
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© 2021, ZRC SAZU Anton Melik Geographical Institute

Landscape types
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Mediterranean semi-bocage
Delta

Mountain

Collective open field
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© 2021, ZRC SAZU Anton Melik Geographical Institute

Figure 30: Pan-Furopean Landscape Types, level 1 (Meeus 1995).
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between these areas match the natural conditions prior to major changes introduced by man. The Digital
Map of European Ecological Regions (see Section 3.3) was used to identify units in Europe. In areas for which
no biogeographical divisions were found, the authors relied on landforms and vegetation (Olson et al. 2001).

The terrestrial part of the world was divided into eight geographical realms and fourteen biomes. Within
these, the authors further defined 867 ecoregions (Olson et al. 2001).

At the level of biomes, of the fourteen in the world and eight in Europe, three are present in Slovenia:
Mediterranean forests, woodland and scrub, temperate broadleaf and mixed forests, and temperate conif-
erous forests (Figure 31). Ecoregions in Slovenia or its immediate vicinity include Pannonian mixed forests,
Dinaric mountains mixed forests, Illyrian deciduous forests, Alpine coniferous and mixed forests, and Po
basin mixed forests.

3.8 Biogeographical Provinces of Europe

The Europe’s Environment report of 1995 used biogeographical provinces of the world, which were based
on Udvardy’s Classification of the Biogeographical Provinces of the World (1975).

Europe is divided into nineteen provinces. The classification also covers northern Africa, Turkey, and
the area east of the Caspian Sea. In addition to Europe’s biogeographical provinces, the report also showed
four EU biogeographical zones covering the territory of the EU at that time. Nearly all units are named

Biomes

Mediterranean forests,
woodlands and scrubs
Temperate broadleaf
and mixed forests

Temperate coniferous forests

0 25 50 75 100
1km

© 2021, ZRC SAZU Anton Melik Geographical Institute
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- Central European highlands
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© 2021, ZRC SAZU Anton Melik Geographical Institute

Figure 32: Biogeographical Provinces of Europe, level 2 (European Environment Agency 1995).
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after geographical names and occur only once, which makes this more of a regionalization than a typifi-
cation (European Environment Agency 1995).

Slovenia is part of four provinces: Balkan highlands, Continental, Mediterranean sclerophyll, and Central
European highlands (Figure 32).

3.9 The Biogeographic Map of Europe and the Bioclimatic Map of Europe

Rivas-Martinez, Penas, and Diaz (2004b) produced an extensive biogeographical map of Europe, which
covers the area from the Arabian Peninsula and the Caspian Sea to the Canary Islands, Spitsbergen, Novaya
Zemlya, and Franz Josef Land.

It includes five regions: Circumarctic, Eurosiberian, Mediterranean, Irano-Turanian, and Saharo- Arabian.
The first two regions are further divided into three subregions each. The third level includes thirty provinces,
and the last (i.e., fourth) level includes seventy-two sectors. The higher levels can be considered more as
a typification and the lower levels more as a regionalization.

All of Slovenia is part of the Eurosiberian region and the Alpino-Caucasian subregion, which is fur-
ther divided into the Alpine province and the Apennino-Balkan province (Figure 33). At the lowest level,
it belongs to the Eastern Alpine, Illyrian, and Padanian sectors.

Provinces
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Figure 34: Bioclimatic Map of Europe, level 2 (Rivas-Martinez, Penas, and Diaz 2004a).
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Rivas-Martinez, Penas, and Diaz (2004a) also produced the Bioclimatic Map of Europe, which con-
tains three levels and is based on climatic features.

Europe is divided into four macrobioclimates, which are further divided into sixteen bioclimates with
certain variants for some.

Western Slovenia is part of the Temperate Oceanic bioclimate and eastern Slovenia is part of the Temperate
Continental bioclimate (Figure 34). The border between them runs in the Dinaric direction from the north-
west toward the southeast. Taking into account both maps provides a better idea of the natural conditions
in Slovenia.

3.10 Comparing the European divisions

In terms of the levels of the divisions presented on the maps (Figures 25 to 33), Slovenia is most often (i.e.,
in four divisions) found in three types (classes), in three divisions it is found in four types, and in two divi-
sions it is found in two and five types, respectively.

In an individual typology, the highest share of all types in Slovenia appears in the Environmental
Stratification of Europe (Metzger et al. 2005; Jongman et al. 2006): three of a total of six types (i.e., half),
which theoretically corresponds to 148 types per million km? of the country’s area. Estonia, which is twice
the size of Slovenia, has only one type, which corresponds to twenty-two types per million km? of its ter-
ritory or nearly seven times fewer types than Slovenia. Italy, which is fifteen times larger than Slovenia, has
two types, which means only seven types per million km” or that Slovenia has twenty-one times more types.

The smallest share of all types in Slovenia is found on the Biogeographic Map of Europe (Rivas-Martinez,
Penas, and Diaz 2004b) - that is, only two of a total of thirty types, which corresponds to ninety-eight types
per million km? or less than a tenth of all types in this classification. Nonetheless, here, too, Slovenia is
more diverse than Estonia and Italy. The former has two types, corresponding to forty-four per million
km? or half the number of types as in Slovenia, and the latter has five types, corresponding to seventeen
per million km? or one-sixth the number of types as in Slovenia.

Similar ratios between Slovenia and other countries also apply to other divisions. In general, in terms
of the number of types extending into its territory alone, Slovenia is comparable to the largest European
countries, and it even outranks them in terms of type density. This confirms Slovenia’s above-average land-
scape diversity and demonstrates that professionals outside Slovenia also perceive it that way - that is, similar
to Slovenian geographers (Perko, Cigli¢, and Zorn 2020b).

The map showing how the borders of the types featured in the European divisions examined are inter-
connected (Figure 35) shows the extent of similarity between these divisions in Slovenia’s territory and
how they overlap with the most established landscape typology of Slovenia (Perko 2007a), which is believed
to display Slovenia’s actual geographical features relatively well.
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Figure 35: Interconnection of borders of the divisions of Europe examined compared to the landscape typology of Slovenia (Perko 2007a).
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Figure 36: The White Carniola corrosion plain is the southeasternmost region in Slovenia (Perko 1998a). The European macrotypologies have includ-
ed White Carniola in full in very diverse landscape types: under the Mediterranean environmental region (Figure 25), the Mediterranean type (Figure 26),
the Pannonian mixed forests ecological region (Figure 27), the Continental biogeographical region (Figure 28), the Carpathian area (Figure 29), the
Mediterranean semi-bocage landscape type (Figure 30), the temperate broadleaf and mixed forests biome (Figure 31), the Balkan highland biogeo-
graphical province (Figure 32), the Apennine—Balkan province (Figure 33), and the Temperate continental bioclimate (Figure 33).
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Because these divisions used different methods, different landscape elements, and data of different quality
(Cigli¢ and Perko 2012), there are clear differences between them (Figure 36), but they roughly all come
close to the landscape typology of Slovenia (Perko 2007a), indicating its position at the intersection of the
main European landscape types (i.e., the Alpine, Pannonian, Dinaric, and Mediterranean), even though
they may sometimes be referred to with different names (e.g., Illyrian or Carpathian).

4 Examples of microtypifications of parts of Slovenia

In addition to landscape typologies covering all of Slovenia, the institute has also produced a significant
number of landscape typologies of smaller parts of Slovenia, or microtypologies, for various purposes and
using various methods.

Geographers have also produced many classifications of parts of Slovenia outside the institute, among
which classifications based on a single landscape element and microregionalizations distinctly predominate.
More complex classifications and landscape typifications are rare, and they largely rely on terrain and rocks.

For example, Ivan Gams divided southeastern Carinthia into eight landform types (Gams 1970), part
of the Upper Soca Valley into five landscape-ecological units (Gams 1975), and the Maribor region into five
landscape-ecological units (Gams 1979). In addition, together with other researchers, he divided the Voglajna
and Upper Sotla drainage basins in eastern Slovenia into eight natural geographical units (Gams et al. 1974),
the area surrounding the village of Breginj in Slovenia’s extreme west into five landscape-ecological units
(Gams, Lovrencak, and Plut 1978), and the area around the village of Kamen into four landscape-ecological
units (Gams, Lovrencak, and Plut 1978). Cerne, Klemenci¢, and Plut (1981) defined twelve landscape-eco-
logical units in the Municipality of Trzi¢, and Plut (1981) identified sixteen microchores, Ferreira (2006)
divided northern Upper Carniola into five landscape-ecological types, and Topole (1992) divided the Mirna
drainage basin into four morphological types. Worth highlighting here is also a study of soil in the Pohorje
Mountains, in which Repe (2017) used quantitative methods and geographic information systems to deter-
mine soil types based on pedogenetic factors, using many layers with natural landscape elements, which
could also provide a basis for determining natural landscape types.

A historical overview of selected examples of microtypologies produced at the institute between 1985
and 2020 (Figure 37) shows the development of the methodology for determining landscape types, espe-
cially how traditional geography using paper thematic maps was enriched by geographic information systems
with digital thematic layers that rely on increasingly accurate data. The methodologies used for some land-
scape microtypifications relate to the methodologies of landscape macrotypifications of Slovenia, and others
are completely unique.

4.1 The Kokra Valley

The first microtypification example originates from the mid-1980s, when initial steps were still being made
to use computers more widely and frequently in geography and elsewhere. The Kokra Valley was select-
ed because it extends from a wide plain to the high mountains and hence provides a relatively good example
for illustrating Slovenia’s geographical characteristics (Perko, Hrvatin, and Cigli¢ 2017).

The Kokra Valley covers 222 km?, or 1% of Slovenia. The Kokra is 54 km long. It rises in the Karawanks,
makes its way through the Kamnik-Savinja Alps into the Ljubljana Basin, and eventually flows into the Sava
at Kranj, 25 km northwest of Ljubljana, through a conglomerate canyon, which is a protected natural site.

A landscape microtypology of the Kokra Valley was produced in 1985 as part of a study examining
the connection between the natural and cultural landscape in the basin. A detailed description of the method
and data sources used is provided in a 1986 article (Perko 1986).

This typology was still produced the traditional, analog way, although conceptually already along the
lines of a geographic information system. All calculations were made on a computer, whereas the maps were
still manually produced. All areas were measured by counting the squares on transparent graph paper placed
over the maps. In this way, a type of a simple geographic information system was created, with raster layers

Figure 37: Distribution of the microtypologies in Slovenia presented. »
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with a 420 x 440 square resolution and a 50 m baseline. Before the microtypology was published (Perko
1986), the measurements were also checked through manual planimeter surveying - that is, by measur-
ing the areas using a planimeter. The area of the Kokra Valley measured with a planimeter was 22,330 hectares
and the number of squares counted was 89,376, corresponding to 22,344 hectares. The total area covered
by the squares was larger than that measured with the planimeter because all the squares into which the
basin at least partially extended were added to the area. It is interesting that the difference between the two
areas established this way and today’s accurate digital measurement of 22,191 hectares is only 0.6 or 0.7%.
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Figure 38: Original map of landscape types in the Kokra Valley (Perko 1992) with legend: 1. Recent gravel terraces, 2. Old gravel terraces, 3. Conglomerate
terraces, 4. Tertiary low hills, 5. Thermal belt, 6. Hills and uplands, 7. Small mountain basins, and 8. High mountains.

Figure 39: Updated map of landscape types in the Kokra Valley. » p. 53

52



Acta geographica Slovenica, 61-3, 2021
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Map by: Manca Volk Bahun
Source: RS, Surveying and Mapping Authority
© 2021, ZRC SAZU Anton Melik Geographical Institute
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This study did not yet apply the term landscape type; instead, it used the term fope to refer to an almost
completely homogenous area (landscape unit) in terms of one or several landscape elements, and the term
topic complex or topic family, which combines topes that are still sufficiently similar to constitute a relatively
homogenous whole.

Based on various data sources and maps, five synthetic thematic maps were drawn at a scale of 1:50,000:
« A map of morphological topic complexes with three units or morphocomplexes: plains and basins (21.7%

of the area), low hills (12.8%), and hills and mountains (65.5%);

o A map of lithological topic complexes with eight units or lithocomplexes: igneous rock (3.0%), slate (7.5%),
limestone and dolomite (31.8%), marl (14.2%), moraine (1.0%), scree (16.5%), conglomerate (11.3%), and
gravel (14.0%);

« A map of climatic topic complexes with five units or climatic complexes: basins and plains (21.7%), ther-
mal belt (12.8%), hills and uplands (49.7%), small mountain basins (2.9%), and high mountains (12.9%);

« A map of pedological topic complexes with six units or pedocomplexes: lithosol (10.0%), rendzina (48.8%),

ranker (9.9%), fluvial soil (6.1%), brown rendzina (9.6%), and acidic brown soil (15.6%); and

A map of phytological topic complexes with seven units or phytocomplexes: alpine vegetation (10.0%),

beech on acidic soil (20.6%), beech on alkaline soil (37.5%), beech and fir (6.4%), pine on acidic soil

(11.3%), sessile oak and hornbeam (8.2%), and alder and willow (6.0%).

By overlapping these maps, it was established that the borders of the topic complexes overlapped rel-
atively well, and therefore it was easy to produce a map of ecological topic complexes, again at a scale of
1:50,000, with the following eight units or eco-complexes (Figure 38):

o mlade (holocenske) prodne terase ‘recent (Holocene) gravel terraces’ (3.7%);

o stare (wiirmske) prodne terase ‘old (Wiirm) gravel terraces’ (7.4%);

o konglomeratne terase ‘conglomerate terraces’ (10.6%);

o terciarno gricevje ‘Tertiary low hills’ (6.1%);

topli pas ‘thermal belt’ (6.7%);

o hribovje in sredogorje ‘hills and uplands’ (49.7%);

gorska kotlinica ‘small mountain basins’ (2.9%); and

visokogorje ‘high mountains’ (12.9%).

Later on, the term ecological topic complex was replaced by landscape type (Perko 1992). The names
of the eight landscape types are as follows (Figure 39):

o mlajse prodne terase ‘recent gravel terraces’;

o starejSe prodne terase ‘old gravel terraces’;

o konglomeratne terase ‘conglomerate terraces’;

o terciarno gricevje ‘Tertiary low hills’;

topli pas ‘thermal belt’;

o hribovje in sredogorje ‘hills and uplands’;

gorska kotlinica ‘small mountain basins’; and

visokogorje ‘high mountains.

4.2 Eastern Krka Basin

The Eastern Krka Basin and its edges cover 733 km?, or 3.6% of Slovenia. It forms the eastern part of a long
tectonic basin at the intersection of the Alps, the Dinaric Alps, and the Pannonian Plain along the
Slovenian-Croatian border. Three large rivers deposit their material in the basin. The alpine Sava, which
crosses it diagonally from the northwest to the southeast, deposits mostly gravel and sand. In turn, its two
tributaries, the karst Krka, which flows along the basin’s southern edge in a north-south direction, and the
Pannonian Sotla, which meanders along the basin’s eastern edge from north to south, deposit material that
is sandier and more clay-like in nature. It is the watercourses that create the main landscape differences in
this part of Slovenia by depositing and transporting material of various granulation and flooding every year.

A landscape microtypology of the Eastern Krka Basin was produced in 1989 as part of research on
the connection between natural and social landscape elements, especially the impact of natural elements
on settlement. A detailed description of the method and data sources used is provided in an article pub-
lished that same year (Perko 1989).
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Maps at various scales and 1:10,000 aerial photos, mostly taken in 1986, constituted the main source
of data on natural landscape elements that this microtypology is based on. First, all the maps and aerial
photos were enlarged or reduced to the 1:50,000 scale and then overlapped with a 2 x 2 cm square grid,
which at the 1:50,000 scale corresponds to 1km?®. By entering data on landscape elements by square into
a computer, a geographic information system with raster layers consisting of 41 x 33 squares with a 1 km
baseline was created. Of the total of 1,353 squares, 733 covered the Eastern Krka Basin.

Because the features on the maps and aerial photos were presented either as points, lines, or polygons,
data were primarily entered into the square grid in three ways:

« By counting point features (e.g., dolines), measuring the length of line features (e.g., watercourses), and
measuring the area covered by features (e.g., flood plains) in a square;

o By determining the lowest and highest values of features (e.g., lowest and highest elevation) in a square;
and

« By identifying the predominant feature (e.g., the predominant type of soil) in a square.

Seventeen maps and layers were prepared, containing more analytical natural landscape elements or
variables (e.g., ridge lengths), which were then combined into five further synthetic maps and layers (e.g.,
rock types or lithocomplexes).

Each of the twenty-three variables had its own map drawn on a transparent sheet and a correspond-
ing layer in the geographic information system acquired by reading data by squares in the kilometer grid
placed over the map.

In combining maps with analytical variables into maps with synthetic variables and the final landscape
type map, the maps were overlapped on a transparent desk with light shining through all the transparent
sheets from below.

This study already applied the terms landscape and landscape types, even though the term topic com-
plex or simply complex was still largely used for the synthetic layers, and eco-complex was still used instead
of landscape type.

The following five synthetic maps formed the basis for producing the microtypology:

o Morphocomplexes with three units: plains (40% of the area), low hills (41%), and hills (19%);

o Lithocomplexes with eight units: clay, loam, and sand (37%), sand and gravel (15%), marl (11%), marl
and limestone (14%), limestone (5%), limestone and dolomite (7%), dolomite (11%), and slate (1%);
Hydrocomplexes with six units: floodplains (19%), areas with impeded drainage on plains and in the
valleys (16%), areas with normal drainage on plains and in the valleys (10%), areas with impeded drainage
in the low hills and hills (20%), areas with normal drainage in the low hills and hills (21%), and areas
with karst and partially karst drainage (14%);

Pedocomplexes with seven units: gley (20%), pseudo-gley (7%), fluvial soil (10%), acidic brown soil on
clay and loam (10%), brown soil on gravel (8%), brown soil on marl (10%), and rendzina, chromic cam-
bisol, or brown skeletal soil (35%); and

Phytocomplexes with nine units: willow, alder, and poplar (22%), pedunculate oak with European horn-
beam (5%), common hornbeam on acidic soil (13%), common hornbeam on alkaline soil (8%), oak on
acidic soil (6%), beech on acidic soil (27%), beech on alkaline soil (11%), beech with hop hornbeam (4%),
and beech with common hornbeam (4%).

An overview of complex values by square showed that many squares had the same or similar values -
that is, that they were similar or even the same. In this sense, two squares are considered the same if they
have completely the same combination of complex values.

In theory, the number of possible combinations equaled the product of possible different combinations
for individual complexes. Because the morphocomplexes had three units or possible values, the lithocom-
plexes had eight, the hydrocomplexes had six, the pedocomplexes had seven, and the phytocomplexes had
nine possible values, 9,072 combinations were theoretically possible (3 x 8 x 6x 7 x9), but in reality 140
combinations were identified (1.5%), with only twenty-three combinations (0.3%) appearing at least ten
times. The most frequent was the combination of the morphocomplex plains, the lithocomplex sand and
gravel, the hydrocomplex normal drainage on plains and in the valleys, the pedocomplex brown soil on grav-
el, and the phytocomplex common hornbeam on alkaline soil. This combination was found in forty-seven
squares, which means it was typical of 47 km? of the basin.

The map of eco-complexes was produced by overlapping the maps of partial complexes and identify-
ing the most common combinations of square values in the layers of these same complexes.
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Figure 40: Original map of landscape types in the Eastern Krka Basin (Perko 1989) with legend: 1. Plain made of Holocene clay, loam, and sand, 2.
Plain made of Holocene gravel and sand, 3. Plain made of Pleistocene clay, loam, and sand, 4. Plain made of Pleistocene sand and gravel, 5. Low hills
made of Holocene clay and loam, 6. Low hills made of Pleistocene and Pliocene clay and loam, 7. Low hills made of Miocene marl, 8. Low hills made
of Mesozoic marl, limestone, and dolomite, 9. Hills.

Figure 41: Layer of landscape types by cells in the Eastern Krka Basin (Perko 1989).
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Map by: Manca Volk Bahun
Source: RS, Surveying and Mapping Authority
© 2021, ZRC SAZU Anton Melik Geographical Institute
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Figure 42: Updated map of landscape types in the Eastern Krka Basin. < p. 57

The eco-complex map (Figures 40 and 42) and layer (Figure 41) include nine types:
ravnina iz holocenske gline, ilovice in peska ‘plain made of Holocene clay, loam, and sand’ (105 km?, 14.3%
of the area);
o ravnina iz holocenskega proda in peska ‘plain made of Holocene gravel and sand’ (49 km?, 6.7%);
o ravnina iz pleistocenske gline, ilovice in peska ‘plain made of Pleistocene clay, loam, and sand’ (85km?, 11.6%);
o ravnina iz pleistocenskega peska in proda ‘plain made of Pleistocene sand and gravel’ (59 km?, 8.1%);
o gridevje iz holocenske gline in ilovice low hills made of Holocene clay and loam’ (34 km?, 4.6%);
o gricevje iz pleistocenske in pliocenske gline in ilovice low hills made of Pleistocene and Pliocene clay and
loam’ (70km?, 9.5%);
o gricevje iz miocenskega laporja low hills made of Miocene marl’ (88 km?, 12.0%);
o gricevje iz mezozojskega laporja, apnenca in dolomita ‘low hills made of Mesozoic marl, limestone, and
dolomite’ (107 km?, 14.6); and
hribovje ‘hills’ (136 km?, 18.6%).

4.3 Vol¢ji Potok Arboretum

The Vol¢ji Potok Arboretum is located approximately 15km north of Ljubljana, between Domzale and
Kamnik, east of the Kamnik Bistrica River. Its most prominent part is VoI¢ji hrib (literally Wolf Hill), which
rises to an elevation of 398 m and where there are the ruins of a medieval castle. The arboretum covers
just under 1km?, and the square study area with the arboretum measures 2.25km?, which is by far the
smallest example among the microtypologies presented. Despite its small size, the area has a diverse land-
scape, ranging from the most recent Holocene deposits via older Pleistocene deposits to Mesozoic and
Paleozoic rocks, which differences in soil, vegetation, landforms, and other natural features are associat-
ed with. This is where, with its first low hills, the bottom of the Ljubljana Basin begins to ascend to the
extensive Sava Hills, which extend all the way to the Croatian border to the east.

A landscape microtypology of this area was produced in 1992 as a geographical basis for protecting
the arboretum, which was declared a cultural site of national importance in 1999 due to its important gar-
den architecture heritage.

This microtypology is primarily interesting because a digital elevation model was applied for the first
time for the typification and because it covers a very small area with even smaller landscape types. A detailed
description of the method and data sources used is provided in a 1993 article (Perko 1993).

At that time, the whole of Slovenia was only covered by a 100-meter digital elevation model, and so a more
accurate one was produced in house. First, the mostly one-meter contour lines from the basic 1:5,000 topo-
graphic map were digitized, and in some places intermediate points were added if needed. The resulting vector
layer was converted into a 5x 5 m raster grid, through which a five-meter 1,500 x 1,500 m digital elevation
model was obtained, in which every cell or square measured 25 m? (a quarter of an are). This digital eleva-
tion model was used to draw three-dimensional spatial images of the area (Figure 43), calculate the elevations,
slopes, and surface aspect, and identify four landform units (low hills, a small valley, an alluvial fan, and a plain).

Because of the small size of the area, the cartographic bases were able to be extensively updated and
then digitized. Data were processed using the IDRISI software. The entire square area was processed sep-
arately from the are within the arboretum, which at that time covered 8,252 ares.

The study used the terms landscape type and geoecological unit as synonyms.

The main landscape differences were related to the age of fluvial sediments (Sifrer 1961) and surface
aspect, which is why these two landscape elements were crucial in the area’s microtypification and microre-
gionalization.

Fifteen microregions were identified: Vol¢ji hrib, Kopasti hrib, Dolina jezerc, Dolina rododendronov,
Hribarica, Rusula, Jelova draga, Jamce, V hribih, Dobrava, Vol¢ji vrsaj, Grascinsko, Zalse, Spodnje polje, and
Srednje polje. They were largely named after old microtoponyms (Figure 43). In addition, the following five
main landscape types or geological units were defined (Figures 44 and 45):

o aluvialna ravnina z drobnozrnatimi usedlinami ‘Alluvial plain with fine-grained sediments’ (characteris-
tics: located immediately along creeks, predominance of silicate particles, thin and acidic soil, floodplain;
microregions: Dolina jezerc, Dolina rododendronov, and Jelova draga);
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Figure 43: Original three-dimensional representation of microregion names in the Vol¢ji Potok Arboretum area (Perko 1993).

Alluvial plains &
with fine-arained
sediments

Alluvial plains

sediments

Figure 44: Original three-dimensional representation of landscape types in the Volcji Potok Arboretum area.

Figure 45: Updated map of landscape types in the Vol¢ji Potok Arboretum area. » p. 60
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aluvialna ravnina z debelozrnatimi usedlinami ‘Alluvial plain with coarse-grained sediments’ (charac-
teristics: mix of silicate and carbonate particles, thinner, less acidic, and more permeable soil;
microregions: Spodnje polje, Grascinsko, and Zalse);

o periglacialni vrsaj ‘Periglacial alluvial fan’ (characteristics: fine-grained deposits are older and more inclined

than those in the alluvial plains at lower elevations; microregion: Vol¢ji vrsaj);

o konglomeratna terasa ‘conglomerate terrace’ (characteristics: predominance of carbonate gravel, thicker,
more acidic, and less permeable soil; microregions: Srednje polje, Hribarica, Rusula, and Dobrava); and
hribovje ‘hills’ (characteristics: predominance of Triassic dolomite and Permo-Carboniferous claystone
and sandstone, oak and hornbeam are common on the sunny slopes (the southern slopes of Volji hrib
and Kopasti hrib), and Scots pine and beech on the shady sides; microregions: Vol¢ji hrib, Kopasti hrib,
Jamce, and V hribih).

4.4 Lower Drava Valley

The Lower Drava Valley was processed within the confines of today’s twenty-three municipalities:
Cirkulane, Destrnik, Dornava, Gori$nica, Hajdina, Jursinci, Kidri¢evo, Krizevci, Ljutomer, Maj$perk,
Markovci, Ormoz, Podlehnik, Ptuj, Razkrizje, SrediS¢e ob Dravi, Sveti Andraz v Slovenskih Goricah, Sveti
Tomaz, Trnovska Vas, Verzej, Videm, Zavr¢, and Zetale. Together they cover 1,034.5km?, or 5.1% of Slovenia.
The valley lies southeast of Maribor along the Mura and Drava rivers, before they enter Croatia. It is com-
posed of a plain along the Mura to the northeast, low hills in the center, a plain along the Drava with the
oldest Slovenian town of Ptuj to the south, and low rugged hills to the southwest.

The area’s landscape microtypology was produced in 1996 as part of a study of the connection between
natural landscape elements and natural hazards because within the landscape types as relatively homoge-
nous units the risk of natural hazards and protection against them are similar. A good knowledge of landscape
types and the differences between them helps prevent natural hazards, reduce their number, or at least decrease
their impacts. A detailed description of the method and data sources used is provided in an article pub-
lished the same year (Fridl et al. 1996).

The data were based on a 100-meter 59 x 42 km digital elevation model. The researchers had the ele-
vation, slope, surface aspect, and insolation raster layers at their disposal, along with the rock type, soil type,
potential vegetation type, real vegetation type, and groundwater vector layers. In determining the corre-
lation between them, it was established that rocks, potential vegetation, and slope were the most important
factors, which is why these three layers were also taken into account in identifying the landscape types.

Because the rocks were combined into five classes, the vegetation into four classes, and the slopes into
six classes, 120 different combinations of these three natural elements were theoretically possible. In real-
ity, half of them (i.e., sixty) were established. The microtypification only took into account the combinations
covering over 1,000 hectares, and combinations covering a smaller area were added to their most similar
types. Hence, the following nineteen combinations (Figures 46 and 47) or landscape types (rock + vege-
tation + slope in degrees) remained:

o silikatni prod + beli gaber in dob + 0 do 2° ‘silicate gravel + hornbeam and pedunculate oak + 0 to 2%

(208.8 km?, 20.2% of the terrain);

silikatni prod + brest in dob + 0 do 2° silicate gravel + elm and pedunculate oak + 0 to 2 (19.6 km?, 1.9%);

silikatni prod + beli gaber + 0 do 2° ‘silicate gravel + hornbeam + 0 to 2° (21.7km?, 2.1%);

silikatni prod + bukev, kostanj in hrasti + 0 do 2° ‘silicate gravel + beech, chestnut, and various oaks + 0

to 2% (44.4km?, 4.3%);

silikatni prod + bukev, kostanj in hrasti + 2 do 6° silicate gravel + beech, chestnut, and various oaks + 2

to 6” (31.0km?, 3.0%);

silikatni prod + bukev, kostanj in hrasti + 6 do 12° ‘silicate gravel + beech, chestnut, and various oaks +

6 to 12 (14.5km? 1.4%);

o pesek + bukev, kostanj in hrasti + 0 do 2° ‘sand + beech, chestnut, and various oaks + 0 to 2% (15.5km?,
1.5%);

o pesek + bukev, kostanj in hrasti + 2 do 6° ‘sand + beech, chestnut, and various oaks + 2 to 6 (45.5km?,
4.4%);

o pesek + bukev, kostanj in hrasti + 6 do 12° ‘sand + beech, chestnut, and various oaks + 6 to 12 (71.3 km?,
6.9%);
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o pesek + bukev, kostanj in hrasti + 12.0 do 19.9° ‘sand + beech, chestnut, and various oaks + 12 to 19.9°
(40.3km?, 3.9%);

o glina in melj + beli gaber in dob + 0 do 2° ‘clay and silt + hornbeam and pedunculate oak + 0 to 2% (95.1 km?,
9.2%);

o glina in melj + bukev, kostanj in hrasti + 0 do 2° ‘clay and silt + beech, chestnut, and various oaks + 0 to
2% (51.7km?, 5.0%);

o glina in melj + bukev, kostanj in hrasti + 2 do 6° ‘clay and silt + beech, chestnut, and various oaks + 2 to
6% (52.7km?, 5.1%);

o glina in melj + bukev, kostanj in hrasti + 6 do 12° ‘clay and silt + beech, chestnut, and various oaks + 6
to 12 (50.6 km?, 4.9%);

o glina in melj + bukev, kostanj in hrasti + 12 do 20° ‘clay and silt + beech, chestnut, and various oaks +
12 to 20° (33.1km?, 3.2%);
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Figure 46: Original map of landscape types in the Lower Drava Valley and Prlekija region (Fridl et al. 1996) with legend:

1. Silicate gravel + hornbeam and pedunculate oak + 0o 2°
2. Silicate gravel + elm and pedunculate oak + 0o 2°;

11. Clay and silt + hornbeam and pedunculate oak + 0 to 2%

12. Clay and silt + beech, chestnut, and various oaks + 0 to 2°
3. Silicate gravel + hornbeam + 0o 2° 13. Clay and silt + beech, chestnut, and various oaks -+ 2 to 6%
4. Silicate gravel + beech, chestnut, and various oaks + 0 to 2°; 14. Clay and silt + beech, chestnut, and various oaks -+ 6 to 12°
5. Silicate gravel + beech, chestnut, and various oaks + 2 to 6°; 15. Clay and silt + beech, chestnut, and various oaks + 12 to 20°;
6. Silicate gravel + beech, chestnut, and various oaks + 6 to 12° 16. Marl -+ beech, chestnut, and various oaks + 2 to 6%
7.5and + beech, chestnut, and various oaks + 0 to 2°; 17. Marl + beech, chestnut, and various oaks + 6 to 12%;

8. Sand + beech, chestnut, and various oaks + 2 to 6°; 18. Marl -+ beech, chestnut, and various oaks + 12 to 20% and
9. Sand + beech, chestnut, and various oaks + 6 to 12°; 19. Sandstone + beech, chestnut, and various oaks + 20 to 30°.
10. Sand + beech, chestnut, and various oaks + 12 to 20%

Figure 47: Updated map of landscape types in the Lower Drava Valley and Prlekija region. »
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o lapor + bukev, kostanj in hrasti + 2 do 6° ‘marl + beech, chestnut, and various oaks + 2 to 6° (39.3 km?,
3.8%);

o lapor + bukev, kostanj in hrasti + 6 do 12° ‘marl + beech, chestnut and various oaks + 6 to 12 (75.4 km?,
7.3%);

o lapor + bukev, kostanj in hrasti + 12 do 20° ‘marl + beech, chestnut and various oaks + 12 to 20 (74.4 km?,
7.2%); and

o pescenjak + bukev, kostanj in hrasti + 20 do 30° ‘sandstone + beech, chestnut and various oaks + 20 to 30
(48.6km?, 4.7%).

4.5 City Municipality of Ljubljana

The City of Ljubljana covers 274.9km?, or 1.4% of Slovenia. It lies along the Sava River and its tributary,
the Ljubljanica, where the hills nearly cut the bottom of the Ljubljana Basin into two parts: the Sava Plain
to the north and the Ljubljana Marsh to the south. This makes the basin’s landscape relatively diverse.

A landscape microtypology of this area was produced, together with its microregionalization, in 2000
for the 18th Conference of Slovenian Geographers, which took place in Ljubljana that year and covered
the municipality from most geographical angles. A detailed description of the method and data sources
used is provided in an article published the same year (Hrvatin and Perko 2000).

The geographic information system was based on a 100-meter 29.3 x 21.7 km digital elevation model.
This time around, the typification used the rock type and potential vegetation type vector layers and, for
the first time, a relief coefficient raster layer.

The relief coefficient or the surface roughness coefficient (Perko 2000) is a more complex indicator
compared to elevation and slope because it combines both. Conceptually it is based on spatial changes in
surface elevation and slope, and methodologically it relies on their coefficient of variation. It is the geo-
metric mean of the elevation coefficient (i.e., the ratio between the standard deviation in the elevations
of a square cell and its eight neighbors, multiplied by 100) and the slope coefficient (i.e., the ratio between
the standard deviation in the slopes of a square cell and its eight neighbors, multiplied by 100; Perko 2000).

In calculating the relief coefficient for all of Slovenia, it was determined that the results yield a better
approximation of Slovenia’s actual surface roughness if the average of all cells (the entire area) is used instead
of the local average of nine cells. The relief coefficient calculated using the local nine cells was later renamed
the local relief coefficient, and the one calculated using all cells was renamed the regional relief coefficient.
At the same time, in calculating the coefficient, the slope was replaced by surface aspect, so that the result-
ing coefficient combined the vertical and horizontal spatial variability (i.e., elevations and aspects; Perko
2007b).

Using the relief coefficient makes it possible to compute homogenous areas of the same or similar sur-
face roughness or morphological units or morphological surface types. The lowest value of the regional
relief coefficient for all of Slovenia was 0, the highest was 111.5, and the average was 9.3 (Perko 2000)).

After reviewing the frequency distribution of regional relief coefficient values in the most typical Slovenian
plains, low hills, hills, and mountains, the coefficients were logically combined into four basic morpho-
logical classes (Perko 2000):

o Flat surface or plain with values ranging between 0 and 1 (223,843, or 11.0% of cells);

« Slightly rough surface or low hills with values ranging between 1 and 10 (974,279, or 48.1% of cells);
o Very rough surface or hills with values ranging between 10 and 20 (701,095, or 34.6% of cells); and
o Extremely rough surface or mountains with values over 20 (127,981, or 6.3% of cells).

In all cases, the values at the lower limit of a class are included in that class and the values at the upper
limit of a class are included in the next higher class.

Because there are only a few cells in the City Municipality of Ljubljana with a relief coefficient over
20, the third and fourth classes were combined and thus only three classes remained:

o Flat surface (39.3% of cells);
« Slightly rough surface (26.9% of cells); and
o Very rough surface (33.8% of cells).

Before the typification, rocks were combined into four classes:

« Late Paleozoic non-carbonate rocks (Carboniferous and Permian shale, quartz sandstone, and quartz
conglomerate) are the oldest and also most widespread (33.6% of the area);
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o Mesozoic carbonate rocks (limestone and dolomite), in some places including layers of marl, shale, silt-
stone, sandstone, tuff, and tuffite (10.3%);

« Pleistocene sand gravel, in some places forming a conglomerate, and Holocene gravel and sand (37.2%);
and

o Quaternary clay, silt, sand, and peat (18.9%).

Potential vegetation, which could grow under today’s ecological conditions (climate, bedrock, soil, and
so on) without human and animal intervention, were also combined into four classes:

« Communities of beech forests cover over a third of the municipality and mostly grow in the hills; beech
and hard-fern forests (Blechno-Fagetum) primarily grow on silicate rock and pre-Dinaric beech; and broad-
leaved sanicle forests grow on carbonate rock (Hacquetio-Fagetum; 36.8%);

» Hornbeam and sessile oak forests (Querco-Carpinetum) grow on Holocene gravel plains and the Wiirm
gravel terrace of the Ljubljana Plain (31.2%);

o Hornbeam and pedunculate oak forests (Querco roboris-Carpinetum) primarily grow in areas influenced

by a high groundwater level, especially in the Ljubljana Marsh (20.8%); and

Scots pine and blueberry forests (Vaccinio myrtilli-Pinetum) grow in shallow, nutrient-deficient soil; Scots

pine is often mixed with spruce (11.2%).

Based on the spatial overlapping of these three natural landscape elements, the landscape types were
then identified.

Values were determined for every cell or hectare of the City Municipality of Ljubljana in terms of the
surface roughness, rock, and vegetation classes, and their combinations were defined. Because surface rough-
ness included three classes, and rocks and vegetation included four, forty-eight combinations were
theoretically possible. Thirty-nine were actually identified. Only seven combinations appeared over a thou-
sand times, together covering 76.7% or over three-quarters of the municipality.

However, not only the absolute frequency of a specific combination is important in typification, but
also its relative frequency. Therefore, the theoretical probability of occurrence or theoretical frequency was
calculated for each combination by multiplying its partial probabilities, along with its actual frequency and
the ratio between the actual and theoretical frequency. For example, the combination of flat surface, grav-
el, and hornbeam and sessile oak forests was typical of 5,254 cells. Its actual frequency was 0.19 (the ratio
between 5,254 cells with this combination and the number of all cells, 27,489) and its theoretical frequency
was 0.046, which was obtained by multiplying the theoretical probabilities of the occurrence of flat sur-
face (the ratio between 10,787 cells and the number of all cells), gravel (the ratio between the 10,216 cells
with gravel and the number of all cells), and hornbeam and sessile oak forests (the ratio between the 8,583
cells with these forests and the number of all cells). The ratio between the actual and theoretical frequency
was 4.20, which meant that the combination described was over four times more frequent than theoreti-
cally expected.

All combinations with ratios between the actual and theoretical frequency higher than 0.5 were defined
as important to the area. Fifteen such combinations were established, covering as much as 91.6% of the
area. The remaining combinations, which were partly also the result of inaccurate digitization of vector
layers, were logically added to these fifteen combinations.

The fifteen combinations selected were referred to as natural landscape types (Figure 48 and 49). They
included:

o pokrajina z nerazgibanim povrsjem, glino ter gozdom belega gabra in doba ‘landscape with a flat surface,
clay, and hornbeam and pedunculate oak forests’ (4,255.3km?, 15.5% of the area);

o pokrajina z mocno razgibanim povrsjem, karbonatnimi kamninami ter gozdom bukve ‘landscape with a very
rough surface, carbonate rocks, and beech forests’ (1,990.2 km?, 7.2%);

o pokrajina z mocno razgibanim povrsjem, nekarbonatnimi kamninami ter gozdom bukve landscape with
a very rough surface, non-carbonate rocks, and beech forests’ (5,090.9 km?, 18.5%);

o pokrajina z nerazgibanim povrsjem, prodom ter gozdom belega gabra in gradna ‘landscape with a flat sur-
face, gravel, and hornbeam and sessile oak forests’ (5,442.8 km?, 19.8%);

o pokrajina z rahlo razgibanim povrsjem, nekarbonatnimi kamninami ter gozdom rdecega bora ‘landscape
with a slightly rough surface, non-carbonate rocks, and Scots pine forests’ (1,314.0 km?, 4.8%);
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o pokrajina z mocno razgibanim povrsjem, nekarbonatnimi kamninami ter gozdom rdecega bora ‘landscape
with a very rough surface, non-carbonate rocks, and Scots pine forests’ (1,586.1 km?, 5.8%);

o pokrajina z rahlo razgibanim povrsjem, karbonatnimi kamninami ter gozdom bukve ‘landscape with
a slightly rough surface, carbonate rocks, and beech forests’ (791.7 km?, 2.9%);

o pokrajina z rahlo razgibanim povrsjem, prodom ter gozdom belega gabra in gradna ‘landscape with
a slightly rough surface, gravel, and hornbeam and sessile oak forests’ (2,504.2km?, 9.1%);
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Figure 48: Original map of landscape types in the City Municipality of Ljubljana (Perko and Hrvatin 2000) with legend:

1. Landscape with a flat surface, clay, and hornbeam and pedunculate oak
forests;

2. Landscape with a very rough surface, carbonate rocks, and beech forests;

3. Landscape with a very rough surface, non-carbonate rocks, and beech
forests;

4. Landscape with a flat surface, gravel, and hornbeam and sessile oak
forests;

5. Landscape with a slightly rough surface, non-carbonate rocks, and red
pine forests;

6. Landscape with a very rough surface, non-carbonate rocks, and red pine
forests;

7. Landscape with a slightly rough surface, carbonate rocks, and beech
forests;

8. Landscape with a slightly rough surface, gravel, and hornbeam and
sessile oak forests;
9. Landscape with a slightly rough surface, non-carbonate rocks, and
beech forests;
10. Landscape with a slightly rough surface, clay, and red pine forests;
11. Landscape with a slightly rough surface, gravel, and red pine forests;
12. Landscape with a slightly rough surface, clay, and hornbeam and
pedunculate oak forests;
13. Landscape with a flat surface, clay, and red pine forests;
14. Landscape with a flat surface, gravel, and hornbeam and pedunculate
oak forests; and
15. Landscape with a slightly rough surface, gravel, and beech forests.

Figure 49: Updated map of landscape types in the City Municipality of Ljubljana. »
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o pokrajina z rahlo razgibanim povrsjem, nekarbonatnimi kamninami ter gozdom bukve ‘landscape with
a slightly rough surface, non-carbonate rocks, and beech forests’ (1,347.0 km?, 4.9%);

o pokrajina z rahlo razgibanim povrsjem, glino ter gozdom rdecega bora ‘landscape with a slightly rough
surface, clay, and Scots pine forests’ (195.2km?, 0.7%);

o pokrajina z rahlo razgibanim povrsjem, prodom ter gozdom rdecega bora ‘landscape with a slightly rough
surface, gravel, and Scots pine forests’ (505.8 km?, 1.8%);

o pokrajina z rahlo razgibanim povrsjem, glino ter gozdom belega gabra in doba ‘landscape with a slightly
rough surface, clay, and hornbeam and pedunculate oak forests’ (357.4 km?, 1.3%);

o pokrajina z nerazgibanim povrsjem, glino ter gozdom rdecega bora ‘landscape with a flat surface, clay, and
Scots pine forests’ (206.2 km?, 0.8%);

o pokrajina z nerazgibanim povrsjem, prodom ter gozdom belega gabra in doba ‘landscape with a flat sur-
face, gravel, and hornbeam and pedunculate oak forests’ (887.9 km?, 3.2%); and

o pokrajina z rahlo razgibanim povrsjem, prodom ter gozdom bukve ‘landscape with a slightly rough sur-
face, gravel, and beech forests’ (1,019.8 km?, 3.7%).

4.6 Municipality of Idrija

The Municipality of Idrija covers 293.7 km?, or 1.4% of Slovenia. It lies on very rough terrain at the inter-
section of the Alps and the Dinarides, approximately 50 km west of Ljubljana. The town of Idrija is well
known for its now abandoned mercury mine.

A landscape microtypology of the area, together with its microregionalization, was produced in 2010
as part of the geographical expert bases for the municipality’s development strategy. A detailed descrip-
tion of the method and data sources used is provided in an article published the same year (Perko and
Hrvatin 2010).

For the first time, the geographic information system was based on a 25-meter 14.0 x 14.4 km digital
elevation model. Available were the raster layers for elevation, slope, surface aspect, and insolation, and
vector layers for rock types, soil types, potential vegetation types, and land use types. However, the val-
ues for all layers changed so quickly from one location to another that the researchers ended up with an
uncontrollable number of combinations, of which most covered only a negligible area. Therefore, the
microtypification was ultimately carried out by only taking into account the relief indicators (i.e., surface
slope and elevation, relative elevation difference, and morphological surface type) or terrain, which con-
tributes the most to the external appearance of this area.

Seventeen microregions (Figure 50) and five landscape types (Figure 51) were identified:
kotlinica ‘small basin’ (2.0 km?, 0.7%, over two-thirds of the area with elevations between 300 and 400 m,
and slopes ranging between 0 and 20°; microregions: the Idrija Basin, the Spodnja Idrija Basin);
dolina ‘valley’ (159.5 km?, 54.3%, over two-thirds of the area with elevations between 400 and 800 m,
and slopes between 12 and 45° microregions: the Kanomlja Valley, the Sovra Valley, the Lower Idrija
Valley, the Zala Valley, the Upper Idrija Valley);
« podolje lowland’ (9.2km?, 3.1%, over two-thirds of the area with elevations between 500 and 700 m, and
slopes between 0 and 12° microregion: the Godovi¢ Lowland);
srednje visoka planota ‘medium-high plateau’ (41.8 km?, 14.2%, over two-thirds of the area with eleva-
tions between 600 and 800 m, and slopes between 2 and 12° microregions: the Crni Vrh Plateau, the
Ravne Plateau, the Vrsnik Plateau, the Zavratec Plateau); and
o visoka planota ‘high plateau’ (81.2 km?, 27.7%, over two-thirds of the area with elevations between 700
and 1,000 m, and slopes between 6 and 30°; microregions: the Dole Plateau, the Trnovo Forest Plateau,
the Krnice Plateau, the Ledine Plateau, the Vojsko Plateau).

Figure 50: Map of microregions in the Municipality of Idrija (Perko and Hrvatin 2010). »
Figure 51: Map of landscape types in the Municipality of Idrija (Perko and Hrvatin 2010). » p.70
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4.7 Municipality of Kocevje

The Municipality of Kocevje covers 555.6 km?, or 2.7% of Slovenia. It lies about 50 km southeast of Ljubljana.
The area is dominated by Dinaric lowlands and plateaus (Perko 1998a) characterized by a karst surface,
a sparse network of surface streams, and a high percentage of forest cover.

The microtypology of the Municipality of Kocevje was one of the four microtypologies selected as part
ofa2013-2015 research project that focused on developing a method for identifying natural landscape types
at the local level and mapping these types for selected Slovenian municipalities. Among other things, the pur-
pose of that research was to check the applicability of geographic information tools and digital data in designing
landscape typologies at the local level. Placed at the forefront was thus an attempt to develop a suitable method-
ology that could be used as a model for producing landscape typologies at the local level. The microtypification
was primarily based on using segmentation and supervised and unsupervised classification. A detailed descrip-
tion of the method and data sources used is provided in a report published in 2015 (Cigli¢ 2015).

Based on the findings of research conducted as part of this project and previous research (e.g., Cigli¢
2014), the following general steps were defined for producing a natural landscape typology:

o Collecting and preparing data layers;

o Assessing data layers (their interconnection and significance at various spatial scales by calculating the
average moderate coefficient of variation; for more details, see Cigli¢ and Perko 2017);

 Converting raster data into vector data using segmentation (Acharya and Ray 2005; Pratt 2007; Lotufo
et al. 2008; Eastman 2012) because the basic unit used from there on was segments or polygons;

o Assigning values to polygons for the cells they covered (e.g., the minimum, maximum, and average val-
ues in terms of numerical data and the most frequent category in terms of nominal data);

« Classifying polygons using various unsupervised classification models and estimating the number of types;

 Reviewing the unsupervised classification data and results, and conducting a field inspection;

o Selecting test polygons and validation polygons of envisaged landscape types to determine the super-
vised classification model; and

o Selecting the most suitable model, classifying the entire area, and reviewing and manually revising any
discrepancies with the real landscape.

The data layers were selected based on their applicability for an individual municipality. They included:
o A 12.5m and 25 m digital elevation model;

o Average monthly and annual precipitation and temperature;
« Watercourses;

« Soil types;

o Solar radiation (Gabrovec 1996);

o Solar radiation (Zaksek 2005);

» Cave sites;

« Landslide sites;

o Landsat 8 images; and

« Rock types.

Based on these data layers, several other layers were also prepared. The final dataset included the fol-
lowing: elevation, slope, elevation variation, slope variation, total slope curvature, vertical slope curvature,
horizontal slope curvature, depression sites, density of dolines according to the 12.5m and 25 m DEM,
annual precipitation, Mediterranean character index, average annual temperature, annual temperature
difference, April and October temperature difference, rock types, permeability, annual solar radiation
(Gabrovec 1996, Zaksek 2005), network of major perennial and non-perennial streams, stream density,
soil types, cave sites, cave density, and normalized difference vegetation index (NDVI).

Four test areas were selected: one in the Slovenian alpine region, one in the Pannonian region, one in
the Dinaric region, and one in the Mediterranean region. The Municipality of Ko¢evje was the Dinaric area
selected. Several models were produced for each area, and the most suitable one was then selected.

First, the average moderate coefficient of variation and the Pearson correlation coefficients were ana-
lyzed to evaluate the data layers, after which several attempts of segmentation at a 12.5 m resolution were
made. Ultimately, a segmentation with the following settings was selected:

Figure 52: Map of modeled landscape types in the Municipality of Kocevje. » p.72
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o Data layers (with weights): stream density (weight: 1/3), slope (weight: 1/3), NDVI (weight: 1/3);
« Window width: 9;

o Weight mean factor: 0.6;

o Weight variance factor: 0.4; and

« Similarity tolerances: 0, 1, 2, 3, 4, 5.

After segmentation, several unsupervised polygon classifications were conducted. Based on the qual-
ity of data, their correlation, and the analysis of the average moderate coefficient of variation, for the purposes
of unsupervised hierarchical classification, which shows changes in the homogeneity of types according
to their number, the minimum and mean polygon values were selected for stream density, and the mean
polygon value was selected for the density of dolines (12.5m DMYV), slope, annual solar radiation, pre-
cipitation index, permeability, and elevation. Ward’s method with squared Euclidean distance was used
for the classification.

As part of unsupervised classification experiments, different sets of input data layers were tested, pri-
marily to establish how the data characteristics change by level. Up to the level of four or five types, the
decrease in the average moderate coefficients of variation of all layers was 0.2, and then up to the level
of fifteen types it was smaller than 0.2. A review of decrease in the average moderate coefficient of vari-
ation for individual layers showed that most of them recorded smaller decreases at least at the level of
seven to nine types. Therefore, at least four and a maximum of nine types had to be found for the typ-
ification.

The results of the analysis of hierarchical classifications and the area’s geographical characteristics (rocks,
terrain and insolation, climate, and settlement) were then taken into account in the supervised classifi-
cation. Ultimately, the following seven landscape types were identified:

o krasko polje karst polje’;

o krasko hribovje ‘karst hills’;

o kraski ravnik ‘karst plain’;

o naplavna ravnica ‘Alluvial plain’;

o nekrasko hribovje karst plain with sediments’;
o nekrasko hribovje ‘non-karst hills’; and

o dolinsko pobocje ‘valley slope’

After that, 298 segments or polygons were selected as landscape type case samples, corresponding to
2% of all polygons. A decision tree with the Classification and Regression Tree (Lin, Noe, and He 2006)
algorithm was used for the supervised classification. The input data layers included rock type, average rock
permeability, average elevation, average slope, average stream density, and average density of dolines. In
conclusion, several minor manual corrections were made to the polygon classification (Figure 52).

The typology produced is a test case of using various geographic information tools for landscape typ-
ification. The entire procedure includes several steps that can be combined as follows:

o Assessing data;

« Converting raster data into vector data (polygons);
« Checking unsupervised classifications; and

« Performing a supervised classification.

4.8 City Municipality of Velenje

The City Municipality of Velenje covers 8.5 km?, or 0.4% of Slovenia. It lies on the southeastern edge of the
Alps, where the mountains descend toward the Pannonian Basin, roughly 60 km northeast of Ljubljana.
This is a landscape that has been significantly transformed by years of mining, with several lakes having
been formed due to subsidence.

A microtypology of this area was produced, together with its microregionalization, in 2020 as part of
the geographical recommendations for the municipality’s further development.

In this case, a landscape microtypology was first produced based on landscape diversity, which became
very important in the twenty-first century, and both Slovenia and the EU have been incorporating it into
various strategies and similar documents (Cigli¢ and Perko 2013b). A detailed description of the method
and data sources used is provided in an article published in 2020 (Perko and Hrvatin 2020).

73



Drago Perko, Rok Cigli¢, Mauro Hrvatin, Landscape macrotypologies and microtypologies of Slovenia

Municipalities can effectively use their above-average landscape diversity as a development advan-
tage and thus increase their economic competitiveness and raise the quality of life of individuals and social
groups.

The City Municipality of Velenje is one of them. It is characterized by highly diverse natural landscape
elements and includes five microregions: the Plesivica Hills, Paka Hills, Velenje Basin, Piresica Lowland,
and Loznica Low Hills. As a former mining-industry municipality, it is becoming increasingly innovative,
creative, and friendly to its residents and the environment, to which landscape diversity can contribute
significantly, especially in terms of accelerating the development of tourism and recreational and sports
activities, and improving the quality of life of both its residents and visitors. This will be facilitated even
further by the planned improvement of its transport accessibility or transport connections.

The geographic information system used was based on a 25-meter 13.4 x 14.6 km digital elevation
model. Landscape diversity was determined based on surface roughness and variation in rocks and veg-
etation (Perko, Hrvatin, and Cigli¢ 2017). The data was combined into seven relief, fifteen rock, and fifteen
vegetation types. The ratio between the number of relief, rock, and vegetation types within a 1 km radius
and the number of all relief, rock, and vegetation types was calculated for each cell, using a moving win-
dow. The lowest possible ratio was 0.092 if only one relief, rock, and vegetation type occurred within a 1 km
radius ((1/7 +1/15+ 1/15) / 3), and the highest possible ratio was 1.00 if all seven relief types, fifteen rock
types, and fifteen vegetation types occurred within a 1km radius at the same time (Perko, Cigli¢, and
Hrvatin 2015).

The average landscape diversity of the City Municipality of Velenje was 0.2186, which is 34.6% high-
er than that of Slovenia as the European landscape hotspot or the EU country with the highest average
landscape diversity, or 20.1% higher than that of the Slovenian part of the Alps. The average landscape
diversity of Slovenia is 0.1624 and that of the Slovenian Alps microregion is 0.1820 (Perko, Hrvatin and
Cigli¢ 2017). The lowest value in the municipality was 0.0920 recorded for the Plesivica Hills, and the high-
est value was 0.3905 recorded for the Piresica Lowland (Figure 54).

The municipality is characterized by two diagonal belts of above-average landscape diversity extend-
ing from the northwest to the southeast and from the northeast to the southwest, and intersecting east of
Velenje, roughly in the center of the municipality.

The belts also include two landscape hotspots with the greatest concentration of different natural land-
scape elements. The larger one is at the intersection of both belts east of Velenje and the smaller one is in
the extreme northeastern corner of the municipality along the Paka Valley, where there is also the cell with
the greatest landscape diversity in the municipality. It is located at the intersection of the Paka Hills, Velenje
Basin, and Piresica Lowland.

The most distinct areas of below-average landscape diversity, with the lowest concentration of differ-
ent natural landscape elements, can be found on the southwestern and eastern edges of the municipality.

The Piresica Lowland has the greatest landscape diversity among the microregions (Figure 53): its land-
scape diversity is 27.9% greater than that of the municipality’s average and 47.4% greater than that of the
Loznica Low Hills, the microregion with the lowest landscape diversity in the municipality — which, how-
ever, is still 16.8% higher than the Slovenian average.

Five landscape diversity types (Figure 54) were identified:

o obmocje zelo nizke pokrajinske raznolikosti ‘a very low landscape diversity area (coefficient ranging from
0.0000 to 0.1499);

o obmocdje nizke pokrajinske raznolikosti ‘a low landscape diversity area’ (coefficient ranging from 0.1500
t0 0.1999);

o obmocdje srednje pokrajinske raznolikosti ‘a medium landscape diversity area’ (coefficient ranging from
0.2000 to 0.2499);

o obmocje visoke pokrajinske raznolikosti ‘a high landscape diversity area’ (coefficient ranging from
0.2500 to 0.2999); and

o obmodje zelo visoke pokrajinske raznolikosti ‘a very high landscape diversity area’ (coefficient ranging from
0.3000 to 0.3999).

Figure 53: Map of microregions in the ity Municipality of Velenje (Perko and Hrvatin 2020). »
Figure 54: Map of landscape types in the City Municipality of Velenje (Perko and Hrvatin 2020). » p.76
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4.9 Comparing the microtypifications

The microtypification examples presented primarily differ in term of the location in Slovenia (Figure 37),
the size of the area covered, the number and size (resolution) of square cells, the year produced (Table 3),
and the methodology used, and they tend to differ less in terms of the data layers used or the landscape
elements observed.

In terms of the landscape typology of Slovenia produced in 1996 (Perko 1998a; Perko, Hrvatin, and
Cigli¢ 2015), all the examples are relatively diverse, with not even a single area including only one land-
scape type. Two landscape types are included in the Kokra Valley (Alpine mountains and Alpine plains),
the Vol¢ji Potok Arboretum (Alpine plains and Alpine hills), the Lower Drava Valley (Pannonian low hills
and Pannonian plains), the Municipality of Kocevje (Dinaric plateaus and Dinaric lowlands), and the
Municipality of Velenje (Alpine mountains and Alpine hills), and three landscape types can be found in
the Eastern Krka Basin (Pannonian low hills, Pannonian plains, and Dinaric plateaus), the City Municipality
of Ljubljana (Alpine plains, Alpine hills, and Dinaric lowlands), and the Municipality of Idrija (Alpine hills,
Dinaric plateaus, and Dinaric lowlands).

In terms of Slovenia’s regionalization produced in 1996, extending over two regions are the Kokra Valley
(the Kamnik-Savinja Alps and the Sava Plain) and the Vol¢ji Potok Arboretum (the Sava Plain and the
Sava Hills), extending over three regions are the Municipality of Kocevje (the Ribnica-Kocevje Lowland;
the Big Mountains, Stojna Plateau, and Gotenica Mountains; the Little Mountains, Kocevje Rog Plateau,
and Poljane Mountains) and the City Municipality of Velenje (the Eastern Karawanks; the Velenje and Konjice
Hills; the Loznica and Hudinja Low Hills), and extending across four regions are the Eastern Krka Basin
(the Sava Hills; the Krsko, Senovo, and Bizeljsko Low Hills; the Krka Plain; and the Gorjanci Hills), the
Lower Drava Valley (the Mura Plain, the Slovenian Hills, the Drava Plain, and the Haloze Hills), the City
Municipality of Ljubljana (the Sava Plain; the Cerkno, Skofja Loka, Polhov Gradec, and Rovte Hills; the
Sava Hills; and the Ljubljana Marsh), and the Municipality of Idrija (the Idrija Hills; the Cerkno, Skofja
Loka, Polhov Gradec, and Rovte Hills; the Trnovo Forest Plateau, Mount Nanos, and the Hrusica Plateau;
and the Inner Carniolan Lowland).

The average size of a quadrant is 848.51 km? and of the area typified inside this quadrant is 396.24 km®.
The smallest example is the Vol¢ji Potok Arboretum (quadrant: 2.25 km?, area typified: 0.83 km?) and the
largest one is the Lower Drava Valley (quadrant: 2,478.00 km?, area typified: 1,034.45km?). The ratio between
the smallest, average, and largest quadrants is 1:377:1,101, and the ratio between the smallest, average, and
largest areas typified is 1:477:1,246.

The Eastern Krka Basin has the smallest number of cells (i.e., 1,763 squares) and the Municipality of
Kocevije has the largest number (i.e., 6,718,400 squares); the ratio between them is 1:3,811.

The Eastern Krka Basin has the lowest cell resolution (i.e., 1,000 m) and the Vol¢ji Potok Arboretum
has the highest (i.e., 5m), the ratio being 200:1.

A comparison of the typification methods used in the examples presented shows gradual changes or
development of methods over the past few decades. In the case of the Kokra Valley in 1985, first maps were
prepared for all the landscape elements observed, after which they were overlapped to create five new maps
showing the types of relief, rocks, climate, soil, and vegetation. By overlapping the synthesized maps, ulti-
mately a final map of the Kokra Valley landscape typology with eight types was produced. All areas on
the maps were first measured with a square grid on transparent paper placed over the maps, through which
a simple geographic information system was created. The size of the areas was later checked with a planime-
ter. All statistical and other calculations were already performed on a computer (Perko 1987).

In the case of the Eastern Krka Basin (Perko 1989) four years later, maps were also produced for all
the landscape elements. By overlapping these maps, synthetic maps were created and, based on this, the
final landscape typology map with nine types was produced. However, this time the square grid with which
the maps were covered was used not only to measure the areas, but also to read data from the maps, enter
them in the computer, and develop a proper geographic information system, albeit with a low resolution.

In the case of the Vol¢ji Potok Arboretum (Perko 1993), all data were already entered in the geographic
information system through digitization, including the digital elevation model, which was produced by
digitizing the contour lines from a 1:5,000 map. Its five-meter resolution was a great achievement back in
1992. A special feature of this typology was that, due to the small size of the area covered, the data and
the final landscape typology with five types were able to be updated and checked on the ground.
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With the three typologies mentioned above, the types were spatially complete units (i.e., irregular poly-
gons), whereas the landscape typology of the Lower Drava Valley was the first one that was produced at
the level of a square cell. In determining the spatial and statistical correlation between individual data lay-
ers, it was established that rocks, slope, and vegetation were the most important landscape elements. Therefore,
the landscape types were defined based on the combinations of types of rock and vegetation and slope class-
es within an individual cell. The nineteen most frequent combinations were selected as landscape types,
and the combinations that were rarer were added to their most similar types (Fridl et al. 1996).

Four years later, the landscape typology for the City Municipality of Ljubljana (Hrvatin and Perko 2000)
was produced in a similar way, only that surface roughness units were used instead of surface slopes. These
units were defined based on the relief coefficient (Perko 2000, 2007), which simultaneously takes into account
the spatial changes in slopes and elevations. The final landscape typology produced included fifteen types.

The previous two landscape typologies relied on a 100-meter digital elevation model, but in 2010 the
landscape types in the Municipality of Idrija were identified based on a 25-meter digital elevation model.
Examining the correlation between the layers revealed that practically all landscape differences were asso-
ciated with surface roughness, and therefore a microtypology with five types was produced using only slope,
elevation, difference in elevation, and morphological surface type (Perko and Hrvatin 2000).

A methodological innovation in the case of the microtypification of the Municipality of Kocevje (Cigli¢
2015) was modeling with segmentation and supervised and unsupervised classification. In the end, seven
landscape types were identified. A 12.5-meter digital elevation model and some artificial intelligence algo-
rithms were used for the first time (Cigli¢ et al. 2019; Perko, Cigli¢, and Hrvatin 2019).

The last example presented, the 2020 landscape microtypology of the City Municipality of Velenje, land-
scape diversity based on the concentration of different landscape elements was used to define the types
for the first time (Perko and Hrvatin 2020). This time, a 25-meter digital elevation model was used again.
Landscape diversity was defined based on surface roughness and variation in rocks and vegetation. The
final microtypology included five types.

A comparison of all eight microtypifications presented also shows the development of the basic typ-
ification term landscape type. With the Kokra Valley , priority was given to the term eco-complex and with
the Eastern Krka Basin both terms were used fairly equally. With the Vol¢ji Potok Arboretum, the term
geological unit was also used with the same meaning, whereas in later microtypologies only the term land-
scape type was used.

Table 3: Comparing the microtypologies of parts of Slovenia.

Name Quadrantsize Quadrantsize  Quadrantsize  Resolutionin  Size of typified  No. of landscape  Year produced
in km? inkm? insquares meters  landscape in km? types

(current digital

measurement)
Kokra Valley 21.0x 220 462.00 420 % 440 50 22191 8 1987
Fastern Krka Basin -~ 41.0 X 43.0 1,763.00 4143 1,000 704.54 9 1989
Volcji Potok 15%15 225 300 % 300 5 0.83 5 1992
Arboretum
Lower Drava 59.0x 42.0 2,478.00 590 X 420 100 1,034.45 19 1996
Valley
City Municipality ~ 29.3x21.7 635.81 293 % 217 100 275.03 15 2000
of Ljubljana
Municipality 14.0 X 14.4 201.60 560 % 576 25 293.47 5 2010
of ldrija
Municipality 323%325 1,049.75 2,5842,600 125 555.64 7 2015
of Kocevje
City Municipality ~ 13.4x 14.6 195.64 536 % 584 25 84.08 5 2020
of Velenje
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5 The future of landscape typologies of Slovenia

To our knowledge, this is the first article that provides a systematic overview of all landscape typologies
at various levels for a specific country in the world.

It presents all five landscape macrotypologies of Slovenia produced by Slovenian authors (Melik 1946;
Tlesi¢ 1958; Perko 1998a; Spes et al. 2002; Perko, Hrvatin, and Cigli¢ 2015) and compares them with the
landscape macrotypologies of Europe produced by authors outside Slovenia (Meeus 1995; European
Environment Agency 1995; Olson et al. 2001; Bohn et al. 2003; Miicher et al. 2003, 2006, 2010; Rivas-Marinez,
Penas, and Diaz 2004a; 2004b; Jongman et al. 2006; Biogeographical regions 2016; DMEER 2003) and
Slovenia’s position within them. In addition, it presents several examples of microtypologies of individ-
ual parts of Slovenia (Perko 1986, 1989, 1993; Fridl et al. 1996; Hrvatin and Perko 2000; Perko and Hrvatin
2010, 2020; Cigli¢ 2015), some of which were created under the influence of macrotypologies or repre-
sent their further development at the microlevel. For example, the microtypology and microregionalization
of the Municipality of Idrija (Perko and Hrvatin 2010) are a development of Perko’s landscape macroty-
pology (Perko 1998a). In the article, all Slovenian landscape macrotypologies and microtypologies are
presented with the original map and an updated one at the same scale, which facilitates comparison between
them and especially between the landscape types. In general, the comparison between landscape macroty-
pologies primarily shows development in the methodology of classifying landscapes, moving from a distinctly
subjective method using manually drawn borders between the landscape types as seen in the macroty-
pology produced by Melik (1946) and Ile$i¢ (1958) to a more automatic one, which is nonetheless still tested
on the ground, as seen in Perko, Hrvatin, and Cigli¢ (2015). Melik’s (1946) and Ile$i¢’s (1958) landscape
macrotypologies are the work of a single author, Perko (1998a) was assisted by experts in his detailed def-
inition of borders, and the two most recent landscape typologies (Spes et al. 2002; Perko, Hrvatin, and Cigli¢
2015) are the work of a group of researchers. What stands out in the microtypologies is the great diversi-
ty of the methodologies used to achieve the same result.

The terminology developed from various expressions for spatial units in the oldest macrotypologies
and microtypologies to the predominant term pokrajinski tip ‘landscape type’ in the ones produced after
2000. The development of concrete names of landscape types proceeded from mixing the names of regions
and landscape types in older typologies to distinguishing more consistently between the names of regions
as geographical regionalization units (e.g., regija Ljubljanska kotlina ‘Ljubljana Basin region’) and types as
landscape typology units (e.g., kotlina ‘basin’). Distinguishing between proper nouns referring to regions
and common nouns referring to types is the more complex because, except for Perko, Hrvatin, and Cigli¢
(2015), all authors link Slovenia’s macrotypologies with its regionalizations, especially at the microlevel,
which means that landscape types are common as units at the macrolevel and mesolevel, and regions are
common at the microlevel.

However, what stands out the most is how geographic information systems and related digital thematic
cartography have almost completely supplanted other landscape typification methods at all levels, from
the macrolevel to the microlevel. However, this is also typical of other areas of geography.

5.1 The importance of landscape typologies

Research directly and indirectly influences people in various ways, which is why it will continue to occupy
an important place in the future. Because landscape classifications, including landscape typologies, can affect
the life of every individual, they not only pose a research challenge, but also have a practical or applied value.

Defining landscape types de facto means defining homogenous areas, and familiarity with homoge-
nous spatial units is important in a wide range of areas. For example, in natural disasters areas of the same
landscape type, even though they may be far apart, are similarly threatened and they demand similar pro-
tection against natural disasters and similar measures (Perko 1992a; Fridl et al. 1996). Areas with the same
landscape type allow for similar spatial and regional planning (Perko 2009), similar economic use (e.g.,
in agriculture and tourism; Cigli¢ and Perko 2013b), similar protection of natural and cultural heritage
(Ticar, Perko, and Volk Bahun 2018; Perko and Ti¢ar 2020), and similar military defense, and some land-
scape types are even associated with geographical names (Gersi¢, Cigli¢, and Perko 2018). The development
of the entire society can also be more successfully directed based on a good knowledge of landscape types
(Nared et al. 2015).
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In this century, Europe has been promoting awareness of the importance of landscape diversity (Van
Eetvelde 2009; Dempsey and Wilbrand 2017), and in countries where landscape diversity is an important
feature (e.g., in Slovenia) research on landscape types also strengthens national identity (Gersi¢ and Perko
2020). Landscape typologies and geographical regionalizations are often part of geography textbooks at
all levels of education, which means that practically everyone gets to know them (Urbanc et al. 2016).

The methodology and approaches developed while producing landscape typologies can also be applied
to other geographical areas and similar disciplines (e.g., thematic cartography). In addition, landscape types
can also be studied in less directly related research areas, such as machine learning or artificial intelligence
(Cigli¢ et al. 2019).

The following description or proposed approach to improving existing landscape typologies, using the
example of the 1996 landscape macrotypology of Slovenia (Perko 1998a), illustrates how important land-
scape typology can be, how it may concretely impact the life of individuals, or how an improved landscape
typology may contribute to a fairer society.

5.2 Improving the landscape typology of Slovenia for a fairer society

Many researchers see the future of classifying landscapes in evaluation and correction of existing land-
scape classifications with modern quantitative methods (Congalton 1991; Cigli¢ and Perko 2015). Therefore,
the authors of this article suggest several methodological steps for improving a landscape typology, illus-
trating them with the example of Slovenia.

A landscape typology is a part of Slovenia’s legislation defining financial obligations, and therefore it
is important for a large part of the populace. Thus, for example, the location of agricultural land in terms
of landscape typology can decisively influence the amount of taxes for a particular farm. This means that
a defective landscape typology can lead to unfair distribution of taxes, and thus unfairness or even dis-
crimination between people.

Since 2008 in Slovenia, an important element for determining the quality of agricultural land and its
taxation has been the location of individual parcels in relation to the landscape type, within which rela-
tively similar natural conditions exist. Slovenian legislation from 2008 takes into account Perko’s landscape
macrotypology from 1996 (Perko 1998a), which divides Slovenia into nine landscape types and four land-
scape type groups. Perko produced this landscape macrotypology at a scale of 1:250,000 in 1996, and in
2008 he also prepared it as a digital data layer for the relevant ministry. When it was established a quarter
of a century ago, the accuracy and diversity of landscape data were much lower. The landscape macroty-
pology was produced for publication in the volume Geographical Atlas of Slovenia (Fridl et al. 1998a), but
not as a basis for taxes. Due to the availability of statistical data, the authors drew up the borders between
the landscape types in such a way that they did not divide the nuclei of settlements, and so in some cases
the lines do not fully follow natural conditions (Perko 1998a; Perko and Cigli¢ 2020a). Because it was designed
on a relatively rough scale, many parcels of agricultural land, especially at the borders between individ-
ual landscape types, are classified in the wrong landscape type and farmers are therefore unfairly taxed.
This means that a defective landscape classification can lead to an unfair distribution of taxes, and thus
unfairness or even discrimination between people. To solve the problem, we propose some methods of
machine learning and geographic information systems for evaluating existing landscape typology and deter-
mining their errors. Based on the results, it would be possible to correct the landscape typology, thus contributing
to better and more effective taxation, and thus to a fairer society.

There are two main ways to tackle this problem: by creating a completely new landscape typology, or
by updating the 1996 landscape typology. The application of a new typology would require changing leg-
islative acts and a lengthy and unpredictable legal procedure. In contrast, implementing an updated existing
typology by the same group of researchers would only require replacing the data layer at the relevant min-
istry. This is considered data maintenance, and it allows the immediate use and implementation of an
improved and revised typology, thereby eliminating the unfair taxation of some farmers and providing
greater social justice.

In 2012, the Surveying and Mapping Authority of the Republic of Slovenia and the Geodetic Institute
of Slovenia proposed that using the nine landscape types instead of four landscape type groups as provid-
ed by the 1996 landscape typology would serve better. Farmers and others have also suggested improvements
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to the input data for determining land quality (Berk et al. 2012). However, both proposals have remained
unfulfilled.

The development of technology makes it possible to obtain and process an increasing amount of more
accurate data. For example, the digital elevation model had a resolution of 100 m in 1996, and now it has
aresolution of 1 m (Hrvatin 2016). Other landscape data have also been improved, making it possible to
respond to these demands and improve the landscape typology.

Researchers around the world also point out the importance of evaluating and correcting existing clas-
sifications. Some of them have drawn attention to the insufficient evaluation of the results obtained and
have called for more transparent and replicable procedures to help scientifically verify the classifications
produced (McMahon et al. 2004; Hargrove and Hoffman 2005). Therefore, different evaluations of land-
scape classifications have been presented; for example, in the United Kingdom (Warnock and Griffiths
2015). Congalton (1991) collected and presented some basic methods for accuracy assessment (error matrix,
user’s and producer’s accuracy, and kappa). Drigut and Eisank (2012) evaluated topographical units with
mean intra-object variance, spatial auto-correlation, and an online survey; Breskvar Zaucer and Marusi¢
(2006) used a neural network to confirm existing landscape classifications; Strand (2011) used binary logis-
tic regression to evaluate the existing landscape map of Norway; Mezdsi (2016) evaluated Hungarian landscape
unit delimitation with multidimensional scaling and agglomerative hierarchical clustering; Wieczorek and
Migon (2014) compared automatic classification of landforms with morphographic landform classifica-
tion mapping in the field; Vannametee et al. (2014) modeled a map of landforms with multiple-point
geostatistics and compared it to the referenced map using a kappa coefficient and landform similarity;
Jasiewicz et al. (2014) analyzed similarity between two landscapes calculated using their signatures (his-
tograms of features) and a modified Wave Hedges similarity function; and Zawadzka et al. (2015) compared
the classification of landforms and classification of soil categories with the use of Cramér’s V and multidi-
mensional scaling. Klingseisen et al. (2008) compared a map of landforms made with fuzzy set algorithm
and a map generated by expert visual photo-interpretation. Brown and Brabyn (2012, 2012b) analyzed how
landscape values associate with landscape characters using a chi-square residual. Some authors have used
several different methods to evaluate existing classifications (e.g., Cigli¢ and Perko 2015; Ribeiro et al. 2016).
Lausch et al. (2015) provided a review of methods with which one can evaluate existing classifications.

With modern methods and data sets now available, we presume it is possible to objectively quantita-
tively evaluate existing classifications and correct them if necessary. Namely, there are still many open issues
in the landscape classification process, in particular the objectivity and transparency of classification. With
the (re)modeling of an existing landscape classification and an explanation of its structure, it is possible
to add missing pieces of information to its original description.

An excellent tool for achieving this goal is machine learning, a subfield of artificial intelligence, which
is based on the idea that machines are able to automatically learn and adapt through experience. Such a tool
develops algorithms for data analysis and knowledge discovery in databases (data mining) and constructs
computer models for better decisions in real life. Machine learning can produce a better future through
past experiences.

The most widely used groups of machine learning methods are classification, regression, logical rela-
tions, equations, and clustering (Cigli¢ et al. 2019).

The authors of this article have already dealt with the evaluation of landscape typology, data layers,
and different methods at the theoretical level (Perko 1998a; Cigli¢ 2012, 2018; Cigli¢ and Perko 2012, 2015,
2017; Perko, Hrvatin, and Cigli¢ 2015; Perko, Cigli¢, and Hrvatin 2019; Cigli¢ et al. 2019; Perko and Cigli¢
2020a), but now, armed with more precise data, the newer methodological steps are even more feasible.

We seek to apply and add to knowledge that we mainly acquired through two basic projects already
mentioned in the first section of this article. In the project Determination of Natural Landscape Types of
Slovenia Using a Geographic Information System, in which we produced several new landscape typolo-
gies at various levels and with a different number of classes (see Section 2.5), we already addressed the
problem of landscape classification with the help of modern databases and produced new classifications
at different levels (Perko, Hrvatin, and Cigli¢ 2015). In the project Advancement of Computationally Intensive
Methods for Efficient Modern General-Purpose Statistical Analysis and Inference, we tested modern math-
ematical and statistical methods in geography in collaboration with researchers from the Department of
Machine Learning and Artificial Intelligence at the University of Ljubljana’s Faculty of Computer and
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Information Science (Cigli¢ et al. 2019). Both projects offer much fundamental knowledge and guidance
on how to improve existing landscape classifications more effectively based on more detailed data.

In a methodological sense, the proposed landscape macrotypology improvement is roughly divided

into three sections:

Evaluating and modeling the existing landscape macrotypology of Slovenia from 1996 with machine
learning algorithms;
Checking the results in the field; and
Creating a revised landscape macrotypology of Slovenia.

The first section includes the following:
Selecting and testing different machine learning algorithms and methods; and
Experimental modeling of the landscape macrotypologies of Slovenia with various manners of sampling
learning examples and the most effective machine learning algorithms for supervised classification (e.g.,
decision tree or k-nearest neighbors), and analysis of results.

The second section includes the following:
Checking the results of the modeled landscape macrotypologies in the field in selected areas; and
Field study of the differences between the existing and modeled landscape macrotypologies of Slovenia
in disputed areas.

The third section includes the following:
Final modeling of the landscape macrotypology of Slovenia with multiple repetition and validation
(Figure 55);
Determining the number of inhabitants, houses, and hectares for individual land-use types that do not
belong to the same landscape type in relation to the existing and revised landscape macrotypology of
Slovenia and that are wrongly and therefore unfairly taxed;
Producing a revised landscape macrotypology of Slovenia; and
Preparing a revised landscape macrotypology data layer for the relevant ministry to eliminate poten-
tially unfair taxation of some farmers and to provide greater social justice.

An important step (in addition to the use of modern classification models and the latest data) should

be the use of the segmentation method, whereby we can switch from raster-based modeling to object-based
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Figure 55: Producing the modeled landscape classification.
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vector modeling, thus significantly reducing unnecessary data and determining the smallest homogeneous
units that encompass the most similar raster cells.

The proposed methodological steps are not only useful for the area of Slovenia, but also suitable for
other countries or regions.

Improving landscape macrotypologies would be beneficial for developing fundamental research in geog-
raphy as well as for greater application of research findings in agriculture, regional planning, preserving
the countryside, settlement, planning proper land use, landscape ecology, and preserving Slovenia’s nat-
ural and cultural heritage.

With this conclusion of the article, we want to demonstrate how science - albeit at a more theoretical
level, such as the creation of landscape typologies — can solve the problems of ordinary people through
modern methods. After all, helping people should be one of the basic tasks of science. The authors would
like our text on macrotypologies and microtypologies to serve as a small contribution to this.
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Guidelines for contributing authors in Acta geographica Slovenica
EDITORIAL POLICIES

1 Focus and scope

The Acta geographica Slovenica journal is issued by the ZRC SAZU Anton Melik Geographical Institute, pub-
lished by the ZRC SAZU Zalozba ZRC, and co-published by the Slovenian Academy of Sciences and Arts.

Acta geographica Slovenica publishes original research articles from all fields of geography and relat-
ed disciplines, and provides a forum for discussing new aspects of theory, methods, issues, and research
findings, especially in Central, Eastern and Southeastern Europe.

The journal accepts original research articles and review articles. Articles presenting new developments
and innovative methods in geography are welcome. Submissions should address current research gaps and
explore state-of-the-art issues. Research-based on case studies should have the added value of transnational
comparison and should be integrated into established or new theoretical and conceptual frameworks.

The target readership is researchers, policymakers, students, and others who are studying or applying
geography at various levels.

The journal is indexed in the following bibliographic databases: Clarivate Web of Science (SCIE - Science
Citation Index Expanded; JCR - Journal Citation Report/Science Edition), Scopus, ERTH PLUS, GEOBASE
Journals, Current Geographical Publications, EBSCOhost, Georef, FRANCIS, SJR (SCImago Journal &
Country Rank), OCLC WorldCat, Google Scholar, and CrossRef.

2 Types of articles

Unsolicited or invited original research articles and review articles are accepted. Articles and materials or
sections of them should not have been previously published or under consideration for publication else-
where. The articles should cover subjects of current interest within the journal’s scope.

3 Special issues

The journal also publishes special issues (thematic supplements). Special issues usually consist of invited
articles and present a special topic, with an introduction by the (guest) editors. The introduction briefly
presents the topic, summarizes the articles, and provides important implications.

4 Peer-review process

All articles are examined by the editor-in-chief. This includes fact-checking the content, spelling and gram-
mar, writing style, and figures. Articles that appear to be plagiarized, are badly or ghost-written, have been
published elsewhere, are outside the scope of the journal, or are of little interest to readers of Acta geograph-
ica Slovenica may be rejected. If the article exceeds the maximum length, the author(s) must shorten it before
the article is reviewed. The article is then sent to responsible editors, who check the relevance, significance,
originality, clarity, and quality of the article. If accepted for consideration, the articles are then sent to peer
reviewer(s) for double-blind review. Articles are rejected or accepted based on the peer reviews and editori-
al board’s decision.

5 Publication frequency

Acta geographica Slovenica is published three times a year.

91



Acta geographica Slovenica, 61-3, 2021

6 Open-access policy

This journal provides immediate open access to the full-text of articles at no cost on the principle of open
science, that makes research freely available to the public. There is no article processing fee (Article Processing
Charge) charged to authors.

Digital copies of the journal are stored by the repository of ZRC SAZU and the digital department of
Slovenian national library NUK, dLib.

The author(s) receive a free print copy. The journal’s publication ethics and publication malpractice
statement is available online, as well as information on subscriptions and prices for print copies.

AUTHOR GUIDELINES

Before submitting an article, please read the details on the journal’s focus and scope, publication frequency,
privacy statement, history, peer-review process, open-access policy, duties of participants, and publication
ethics (all available at https:/ags.zrc-sazu.si).

1 Types of articles

Unsolicited or invited original research articles and review articles are accepted. Articles and materials or
sections of them should not have been previously published or under consideration for publication else-
where. The articles should cover subjects of current interest within the journal’s scope.

2 Special issues

The journal also publishes special issues (thematic supplements). Special issues usually consist of invited
articles and present a special topic, with an introduction by the (guest) editors. The introduction briefly
presents the topic, summarizes the articles, and provides important implications.

3 The articles

Research articles must be prepared using the journal’s template (available at https://ags.zrc-sazu.si) and con-

tain the following elements:

— Title: this should be clear, short, and simple.

- Information about author(s): submit names (without academic titles), affiliations, ORCiDs, and e-mail
addresses through the online submission system (available at https://ags.zrc-sazu.si).

- Highlights: authors must provide 3-5 highlights. This section must not exceed 400 characters, includ-
ing spaces.

- Abstract: introduce the topic clearly so that readers can relate it to other work by presenting the back-
ground, why the topic was selected, how it was studied, and what was discovered. It should contain one
or two sentences about each section (introduction, methods, results, discussion, and conclusions). The
maximum length is 800 characters including spaces.

- Key words: include up to seven informative key words. Start with the research field and end with the
place and country.

- Main text: The main text must not exceed 30,000 characters, including spaces (without the title, affiliation,
abstract, key words, highlights, reference list, and tables). Do not use footnotes or endnotes. Divide the
article into sections with short, clear titles marked with numbers without final dots: 1 Section title. Use
only one level of subsections: 1.1 Subsection title.

Research articles should have the following structure:

« Introduction: present the background of the research problem (trends and new perspectives), state of
the art (current international discussion in the field), research gap, motivation, aim, and research questions.

o Methods: describe the study area, equipment, tools, models, programs, data collection, and analysis,
define the variables, and justify the methods.

o Results: follow the research questions as presented in the introduction and briefly present the results.
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o Discussion: interpret the results, generalize from them, and present related broader principles and
relationships between the study and previous research. Critically assess the methods and their limita-
tions, and discuss important implications of the results. Clarify unexpected results or lacking correlations.

« Conclusion: present the main implications of the findings, your interpretations, and unresolved ques-
tions, offering a short take-home message.

Review articles (narratives, best-practice examples, systematic approaches, etc.) should have the following
structure:

« Introduction: include 1) the background; 2) the problem: trends, new perspectives, gaps, and conflicts;
and 3) the motivation/justification.

« Material and methods: provide information such as data sources (e.g., bibliographic databases), search
terms and search strategies, selection criteria (inclusion/exclusion of studies), the number of studies
screened and included, and statistical methods of meta-analysis.

« Literature review: use subheadings to indicate the content of the various subsections. Possible struc-
ture: methodological approaches, models or theories, the extent of support for a given thesis, studies
that agree with one another versus studies that disagree, chronological order, and geographical location.

« Conclusions: provide implications of the findings and your interpretations (separate from facts), iden-
tify unresolved questions, summarize, and draw conclusions.

- Acknowledgments: use when relevant. In this section, authors can specify the contribution of each author.
- Reference list: see the guidelines below.

4 Article submission

4.1 Open journal system

Author(s) must submit their contributions through the Acta geographica Slovenica Open Journal System
(OJS; available at https://ags.zrc.sazu.si) using the Word document template (available at https://ags.zrc.sazu.si).
Enter all necessary information into the OJS. Any addition, deletion, or rearrangement of names of
the author(s) in the authorship list should be made and confirmed by all coauthors before the manuscript
has been accepted, and is only possible if approved by the journal editor.
To make anonymous peer review possible, the article text and figures should not include names of author(s).
Do not use contractions or excessive abbreviations. Use plain text, with sparing use of bold and italics
(e.g. for non-English words). Do not use auto-formatting, such as section or list numbering and bullets.
If a text is unsatisfactory, the editorial board may return it to the author(s) for professional copyediting
or reject the article. See the section on the peer-review process (available at https//ags.zrc-sazu.si) for details.
Author(s) may suggest reviewers when submitting an article.

4.2 Language

Articles are published in English.

Articles can be submitted in English or Slovenian.

Authors must take care of high-quality English text. In the case of poor language, the article is copy-
edited/translated after acceptance by a professional chosen by the editorial board. In such a case, the translation
or copyediting costs are borne by the author(s) and must be paid before layout editing.

All articles should have English and Slovenian abstracts.

4.3 Supplementary file submission
Supplementary files (figures) can be submitted to the OJS packed in one zip file not exceeding 50 MB.

4.4 Submission date

The journal publishes the submission date of articles. Please contact the editorial board (ags@zrc-sazu.si)
with any questions.
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5 Citations

Examples for citing publications are given below. Citing »grey literature« is strongly discouraged.

5.1 Citing articles

o Bole, D. 2004: Daily mobility of workers in Slovenia. Acta geographica Slovenica 44-1. DOL: https://doi.org/
10.3986/AGS44102

o Fridl, J., Urbanc, M., Pipan, P. 2009: The importance of teachers’ perception of space in education. Acta
geographica Slovenica 49-2. DOI https://doi.org/10.3986/AGS49205

o Gams, I. 1994a: Types of contact karst. Geografia Fisica e Dinamica Quaternaria 17.

« Gams, I. 1994b: Changes of the Triglav glacier in the 1955-94 period in the light of climatic indicators.
Geografski zbornik 34.

« Van Hall, R. L., Cammeraat, L. H., Keesstra, S. D., Zorn, M. 2016: Impact of secondary vegetation suc-
cession on soil quality in a humid Mediterranean landscape. Catena, In press. DOL: https://doi.org/10.1016/
j.catena.2016.05.021 (25. 11. 2016).

o De Kerk, G. V., Manuel, A. R. 2008: a comprehensive index for a sustainable society: The SSI — The
Sustainable Society Index. Ecological Economics 66-2,3. DOL https://doi.org/10.1016/j.ecolecon.2008.01.029

o Perko, D. 1998: The regionalization of Slovenia. Geografski zbornik 38.

o Urry, J. 2004: The ‘system’ of automobility. Theory, Culture and Society 21-4,5. DOI: https://doi.org/
10.1177%2F0263276404046059

« Yang, D. H., Goerge, R., Mullner, R. 2006: Comparing GIS-based methods of measuring spatial acces-
sibility to health services. Journal of Medical Systems 30-1. DOL https://doi.org/10.1007/s10916-006-7400-5

5.2 Citing books

o Cohen, J. 1988: Statistical power analysis for the behavioral sciences. New York.

Fridl, J., Kladnik, D., Perko, D., Orozen Adami¢, M. (eds.) 1998: Geografski atlas Slovenije. Ljubljana.

o Hall, T., Barrett, H. 2018: Urban geography. London. DOI: https://doi.org/10.4324/9781315652597

« Hall, C. M., Page, S. J. 2014: The geography of tourism and recreation: Environment, place and space.
New York. DOI: https://doi.org/10.4324/9780203796092

o Luc, M., Somorowska, U., Szmanda, J. B. (eds.) 2015: Landscape analysis and planning, Springer Geography.
Heidelberg. DOI: https://doi.org/10.1007/978-3-319-13527-4

o Nared, J., Razpotnik Viskovi¢, N. (eds.) 2014: Managing cultural heritage sites in southeastern Europe.
Ljubljana. DOI: https://doi.org/10.3986/9789610503675

5.3 Citing chapters of books or proceedings

o Gams, 1. 1987: A contribution to the knowledge of the pattern of walls in the Mediterranean karst: A case
study on the N. island Hvar, Yugoslavia. Karst and Man, Proceedings of the International Symposium
on Human Influence in Karst. Ljubljana.

 Hrvatin, M., Perko, D., Komac, B., Zorn, M. 2006: Slovenia. Soil Erosion in Europe. Chichester. DOI:
https://doi.org/10.1002/0470859202.ch25

» Komac, B., Zorn, M. 2010: Statisti¢cno modeliranje plazovitosti v drzavnem merilu. Od razumevanja do
upravljanja. Naravne nesrece 1. Ljubljana.

o Zorn, M., Komac, B. 2013: Land degradation. Encyclopedia of Natural Hazards. Dordrecht. DOIL:
https://doi.org/10.1007/978-1-4020-4399-4_207

5.4 Citing expert reports, theses, dissertations and institutional reports

o Breg Valjavec, M. 2012: Geoinformatic methods for the detection of former waste disposal sites in karstic
and nonkarstic regions (case study of dolines and gravel pits). Ph.D. thesis, University of Nova Gorica.
Nova Gorica.
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o Holmes, R. L., Adams, R. K,, Fritts, H. C. 1986: Tree-ring chronologies of North America: California, Eastern
Oregon and Northern Great Basin with procedures used in the chronology development work including
user manual for computer program COFECHA and ARSTAN. Chronology Series 6. University of Arizona,
Laboratory of tree-ring research. Tucson.

o Hrvatin, M. 2016: Morfometri¢ne znacilnosti povr$ja na razli¢nih kamninah v Sloveniji. Ph.D. thesis,

Univerza na Primorskem. Koper.

Sifrer, M. 1997: Povrsje v Sloveniji. Elaborat, Geografski institut Antona Melika ZRC SAZU. Ljubljana.

o World commission on environment and development 1987: Our common future: Brundtland report.
Oxford.

5.5 Citing online materials with authors

o Tiran, J. 2021: Slovenija se je v celoti odela v modro. Metina lista. Internet: https://metinalista.si/sloveni-
ja-se-je-v-celoti-odela-v-modro/ (3. 11. 2021).

o Davies, G. 2017: The place of data papers: Producing data for geography and the geography of data pro-
duction. Geo: Geography and Environment. Internet: https://blog.geographyandenvironment.com/2017/09/27/
the-place-of-data-papers-producing-data-for-geography-and-the-geography-of-data-production/ (8. 11. 2021).

5.6 Citing websites without authors (e.g. websites of projects and institutions)

Use in-text citations only. It is not necessary to include a citation in the reference list. The in-text citation
should include the URL.

5.7 Citing publicly archived data (e.g. statistical data)

Use in-text citations only. It is not necessary to include publicly archived datasets in the reference list. The
in-text citation should include the name of the dataset, the institution providing the data and the time frame
of the data used.
When the data you cited were published as a report, add it to the reference list and use the following format:
o Popis prebivalstva, gospodinjstev, stanovanj in kmeckih gospodarstev v Republiki Sloveniji, 1991 - konéni
podatki. Zavod Republike Slovenije za statistiko. Ljubljana, 1993.
o Agriculture, forestry and fishery statistics. 2020 edition. Publications Office of the European Union.
Luxembourg, 2020.

5.8 Citing geospatial data and cartographic materials

Geospatial data used in maps should be cited in the colophon on the map (see the Table and Figures section
of the Authors’ Guidelines). It is not necessary to include geospatial data in the reference list.

When cartographic materials are published as an independent monograph, add it to the reference list
and use the following format:
o Buser, S. 1986: Osnovna geoloska karta SFR] 1 : 100.000, list Tolmin in Videm (Udine). Savezni geoloski
zavod. Beograd.
Drzavna topografska karta Republike Slovenije 1 : 25.000, list BreZice. Geodetska uprava Republike
Slovenije. Ljubljana, 1998.
Franciscejski kataster za Kranjsko, k. o. Sv. Agata, list A02. Arhiv Republike Slovenije. Ljubljana, 1823-1869.
The vegetation map of forest communities of Slovenia 1:400,000. Bioloski institut Jovana Hadzija ZRC
SAZU. Ljubljana, 2002.

5.9 Citing legal sources

Use in-text citation. It is not necessary to include a citation in the reference list. The in-text citation should
include the title of legal document and the year.
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5.10 In-text citation examples

All references in the reference list are cited in the text. In-text citations should include the last name of
the author(s) or the name of the institution, and the year of publication. Separate individual citations by
semicolons, arrange citations by year of publication, and separate the page information from author(s)’
names and years by a comma; for example: (Melik 1955), (Melik, Ilesi¢ and VriSer 1963; Gams 1982a; Gams
1982b; World Commission on Environment and Development 1987). For references with more than three
authors, cite only the first, followed by et al.: (Melik et al. 1956). Give page numbers only for direct quotations.
Narrative citations: Perko (2016, 25) states: »Hotspots are ...« or parenthetical citation (Kokole 1974, 7-8).

When citing online materials without authors, such as project or institutional websites, the URL should
be included, for example: »The aim of the LABELSCAPE project is to develop mechanisms for integrat-
ing sustainability labels into tourism policy (https://labelscape.interreg-med.eu).«

When citing publicly archived data, such as statistical data, inform the reader in the text with the name
of dataset, the time frame, and the institution that provides the data: »The 2000-2020 population data used
in the analysis were provided by the Eurostat. If the statistical data were published as a report, cite the
document, e.g. (Popis prebivalstva ... 1993).

When citing legal sources such as legislative acts, white papers, etc., you should provide (short for-
mal) title and the year, for example: »... The European Commission’s White paper on transport (2011) sets
out ten strategic goals for a competitive and resource-efficient transport system: ...«

5.11 Reference list

Arrange references alphabetically and then chronologically if necessary. Identify more than one reference
by the same author(s) in the same year with the letters g, b, ¢, etc., after the year of publication: (1999a;
1999b). Use this format for indirect citations: (Gunn 2002, cited in Matei et al. 2014).

Include the Digital Object Identifier (DOI) in the reference if available. Format the DOI as follows:
https://doi.org/... (for example: https://doi.org/10.3986/AGS.1812).

6 Tables and figures

Number all tables in the article uniformly with their own titles. The number and the text are separated by
a colon, and the caption ends with a period. Example:

Table 1: Number of inhabitants of Ljubljana.
Table 2: Changes in average air temperature in Ljubljana (Velkavrh 2009).

Tables should contain no formatting and should not be too large; it is reccommended that tables not exceed
one page.
Upload figures to the OJS as separate supplementary files in digital form. If the graphic supplements
prepared cannot be uploaded using these programs, consult the editorial board (ags@zrc-sazu.si) in advance.
Number all figures (maps, graphs, photographs) in the article uniformly with their own titles. Example:
Figure 1: Location of measurement points along the glacier.
All graphic materials must be adapted to the journal’s format. Illustrations should be exactly 134 mm
wide (one page) or 64 mm wide (half page, one column), and the height limit is 200 mm.
To make anonymous peer review possible, include the name of the author(s) with the title of the illus-
tration in the supplementary file metadata, but not in the article text.
Maps should be made in digital vector form with Corel Draw, Adobe Illustrator, or a similar program, espe-
cially if they contain text. They can exceptionally be produced in digital raster form with at least 300 dpi
resolution, preferably in TIFF or JPG format. For maps made with CorelDraw or Adobe Illustrator, two
separate files should be prepared; the original file (.cdr or .ai format) and an image file (,jpg format).
For maps made with ArcGIS with raster layers used next to vector layers (e.g., .tif of relief, airborne or
satellite image), three files should be submitted: the first with a vector image without transparency together
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with alegend and colophon (export in .ai format), the second with a raster background (export in .tif for-
mat), and the third with all of the content (vector and raster elements) together showing the final version
of the map (export in .jpg format).

Do not print titles on maps; they should appear in a caption.

Save colors in CMYK, not in RGB or other formats.

Use Times New Roman for the legend (size 8) and colophon (size 6). List the author(s), scale, source,
and copyright in the colophon. Write the colophon in English (and Slovenian, if applicable). Example:

Scale: 1:1,000,000

Content by: Drago Perko

Map by: Jerneja Fridl

Source: Statistical Office of the Republic of Slovenia 2002
© 2005, ZRC SAZU Anton Melik Geographical Institute

Graphs should be made in digital form using Excel on separate sheets and accompanied by data.
Photos must be in raster format with a resolution of 240 dots per cm or 600 dpi, preferably in .tif or .jpg
formats; that is, about 3,200 dots per page width of the journal.

Figures containing a screenshot should be prepared at the highest possible screen resolution (Control
Panel\All Control Panel Items\Display\Screen Resolution). The figure is made using Print Screen, and the
captured screen is pasted to the selected graphic program (e.g., Paint) and saved as .tif. The size of the image
or its resolution must not be changed.

Examples of appropriate graphic data formats: see the templates of maps in cdr and mxd files (available
at https://ags.zrc.sazu.si) for a full-page map in landscape layout and an example of the correct file struc-
ture (available at https://ags.zrc.sazu.si) for submitting a map created with ESRI ArcGIS.

SUBMISSION PREPARATION CHECKLIST

As part of the submission process, authors are required to check off their submission’s compliance with all

of the following items, and submissions may be returned to authors that do not adhere to these guidelines.

o I, the corresponding author, declare that this manuscript is original, and is therefore based on original
research, done exclusively by the authors. All information and data used in the manuscript were pre-
pared by the authors or the authors have properly acknowledged other sources of ideas, materials, methods,
and results.

o Authors confirm that they are the authors of the submitting article, which is under consideration to be
published (print and online) in the journal Acta geographica Slovenica by Zalozba ZRC, ZRC SAZU.

o All authors have seen and approved the article being submitted.

o The submission has not been previously published, nor it is under consideration in another journal (or

an explanation has been provided in Comments to the Editor). Authors have disclosed any prior post-

ing, publication or distribution of all or part of the manuscript to the Editor.

Upon publishing an article in a journal the authors agree to license non-exclusive copyrights to ZRC

SAZU (Zalozba ZRC): they retain the copyright in the scope that enables them to continue to use their

work, even by publishing it in one of the personal or institutional repositories before the publication

of the article in the journal.

o Authors consent to the publication of their works under Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0).

« Permission has been obtained for the use (in printed and electronic format) of copyrighted material from
other sources, including online sources. Restrictions on the transfer of copyright on this material have
been clearly indicated.

o All the necessary permits to work with people have been obtained in the research related to the article
(in accordance with the applicable laws and institutional guidelines and approved by the relevant insti-
tutions).

o The journal policies and guidelines have been reviewed and followed.
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The metadata (title, abstract, key words, authors, affiliation, ORCiD, etc.) are provided in English (Slovenian

authors must provide the metadata also in Slovenian language).

The list of authors is complete. Failure to do so may result in co-authors not being listed on the article

at publication.

o The submission is in Microsoft Word format and the document template was used (single-spaced text,

12-point font, no formatting except italics and bold).

The article has been checked for spelling and grammar.

o Figures are not embedded in the Word file and are provided as a supplementary file: editable vector format

(e.g., cdr, ai) for maps and illustrations; tif for photographs; xlsx for graphs. The Word file includes only

figure captions.

Tables are placed in the Word file with text at the appropriate place.

o The reference list was prepared following the guidelines.

All references in the reference list are cited in the text.

o Where available, URLs and DOI numbers for references are provided.

o Supplementary files are in one .zip file.

o Authors agree that any costs of English proofreading are borne by the author(s). No additional costs are
associated with the submission.

o The instructions for ensuring a double-blind review have been followed.

ACTA GEOGRAPHICA SLOVENICA EDITORIAL REVIEW
FORM

This is a review form for editorial review (version 14) of an article submitted to the AGS journal.

This is an original scientific article.
(The article is original and the first presentation of research results with the focus on methods, theoretical
aspects or a case study.)

o Yes
« No

The article follows the standard IMRAD/ILRAD scheme.
e Yes
« No

The article’s content is suitable for reviewing in the AGS journal.
(The article is from the field of geography or related fields of interest, the presented topic is interesting for
the readers of Acta geographica Slovenica and well presented. In case of negative answer add comments below.)

o Yes
« No

Editorial notes regarding the article’s content.

The reference list is suitable (the author cites previously published articles with similar topics from other
relevant geographic scientific journals).

o Yes, the author cited previously published articles on a similar topic.
o No, the author did not cite previously published articles on a similar topic.

Notes to editor-in-chief regarding previously published scientific work.

Is the language of the article appropriate and understandable?
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RECOMMENDATION OF THE EDITOR

o The article is accepted and can be sent to the review process.
 Reconsider after a major revision (see notes).

o The article is rejected.

ACTA GEOGRAPHICA SLOVENICA REVIEW FORM

This is Acta geographica Slovenica review form (version 7).

1 RELEVANCE

Are the findings original and the article is therefore a significant one?
o yes
e 10

o partly

Is the article suitable for the subject focus of the AGS journal?
o yes

e NO

2 SIGNIFICANCE

Does the article discuss an important problem in geography or related fields?
o yes
e NO

o partly

Does it bring relevant results for contemporary geography?
o yes
e NO

o partly

What is the level of the novelty of research presented in the article?
 middle

o low

3 ORIGINALITY
Has the article been already published or is too similar to work already published?
o yes

e NO

Does the article discuss a new issue?
. yes

e NO
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Are the methods presented sound and adequate?
o yes
e NO

o partly

Do the presented data support the conclusions?
o yes
e NO

o partly

4 CLARITY

Is the article clear, logical and understandable?
. yes

e NO

If necessary, add comments and recommendations to improve the clarity of the title, abstract, keywords,
introduction, methods or conclusion:

5 QUALITY

Is the article technically sound? (If not, the author should discuss with the Editorial Board [ags@zrc-sazu.si]
for assistance.)

o yes

e NO

Does the article take into account relevant current and past research on the topic?
o yes

e NO

Propose amendments, if no is selected:

Is the references list at the end of the article adequate?
o yes

e NO

Propose amendments, if no is selected:

Is the quoting in the text appropriate?
o yes
e Nno

o partly
Propose amendments, if no is selected:

Which tables are not necessary?
Which figures are not necessary?
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COMMENTS OF THE REVIEWER

Comments of the reviewer on the contents of the article:
Comments of the reviewer on the methods used in the article:

RECOMMENDATION OF THE REVIEWER TO THE EDITOR-IN-CHIEF

Please rate the article from 1 [low] to 100 [high] (this will NOT be presented to the author):
Personal notes of the reviewer to the editor-in-chief (this will NOT be presented to the authors):

COPYRIGHT NOTICE

The Acta geographica Slovenica editorial board and the publisher, the ZRC SAZU Anton Melik Geographical
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