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Mountains of Slovenia

Mauro Hrvatin

Abstract

Slovenia’s mountainous areas comprise Alpine
mountains, Alpine hills, and Dinaric plateaus,
which together cover over half of the country.
Its mountainous landscapes lie at the inter-
section of the geotectonic units of the Dinar-
ides, Southern Alps, and Eastern Alps. Lime-
stone and dolomite predominate, although
there are also extensive areas in the Alpine
hills composed of poorly permeable clastic,
igneous, and metamorphic rock. In terms
of geomorphological development, moun-
tainous areas can be divided into glacial,
fluvio-denudational, and karst landscape types.
Glacial landscapes are limited to areas that
were exposed to glacial erosion and accumu-
lation during the cold Pleistocene periods, and
fluvio-denudational landscapes are typical of
areas made of poorly permeable rocks and
characterized by surface runoff. Karst land-
scapes developed on carbonate rocks. They
are characterized by intense chemical disso-
lution of the bedrock and subterranean karst
hydrology. The high mountains feature a
combination of glacial and karst landscapes, or
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glaciokarst. Due to the Alpine—Dinaric barrier,
Slovenia’s climate is wetter than average. Over
the past decades, the average air temperature
has been rising rapidly, which causes frequent
droughts in the summer and reduces the dura-
tion and depth of snow cover in the winter.
Climate change has already resulted in signif-
icantly lower discharges of mountain rivers
and altered discharge regimes. Water condi-
tions largely depend on the rock composi-
tion. Nearly two-thirds of mountainous areas is
karst and almost devoid of surface water flows,
while elsewhere the river system is highly
branched. The predominant soils on carbonate
rocks are Rendzina and Chromic Cambisol,
whereas Dystric Cambisol predominates on
non-carbonate rocks. Forest is the natural vege-
tation and the predominant land-use type in
all mountainous areas. The dominant tree is
beech, which creates numerous forest commu-
nities. Conifers dominate at higher elevations,
especially spruce and larch, which grow up
to the tree line between 1,550 and 1,900 m.
Late-medieval colonization of higher eleva-
tions was a key stage in the permanent colo-
nization of mountainous areas, extending even
above 1,000 m. In the Alpine mountains, it
was the valleys that were usually settled, and
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in the Alpine hills people also settled the
ridges and slopes. The upper limit of settle-
ment in Slovenia’s mountainous areas varies;
the highest settlements can be found in the
Eastern Karawanks, even at elevations above
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1,300 m. The traditional economic activity is
forestry.
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5.1 Introduction

Slovenia’s mountainous areas (as defined by Perko
in Chap. 3 of this volume; Fig. 5.1) cover 11,531.1
km? or 56.9% of the country. They can be divided
into:

— Alpine mountains (3,061.8 kmz, 26.5% of
mountainous areas, 15.1% of the entire
country);

— Alpine hills (4,660.0 km?, 40.4% of moun-
tainous areas, 23.0% of the entire country);
and

— Dinaric plateaus (3,809.3 km?2, 33.0% of
mountainous areas, 18.8% of the entire
country).

Alpine mountains (for basic morphometric
indicators, see Table 4.6 in Chap. 4 of this volume;
Fig. 5.1) include the Julian Alps, the Kamnik—
Savinja Alps (Fig. 5.2), and the Karawanks. The
first two mountain ranges are very imposing, but
they are dissected by deep, even glacially trans-
formed valleys that separate individual moun-
tain groups. They are characterized by very steep
slopes, which in many places turn into picturesque
rockfaces. Prominent karst and wooded plateaus
lie on their edges, such as the Pokljuka, MeZakla,
and Jelovica plateaus on the edges of the Julian
Alps and the Velika Planina, Dleskovec, Golte,
Menina, and Dobrovlje plateaus on the edges of
the Kamnik—Savinja Alps; rocky karst plateaus
(referred to as podi in Slovenian) can also be found
closer to the center of these mountains, above the
tree line. The Karawanks are a distinctly elongated
and slightly lower mountainrange stretch along the
Austrianborder. The glacial valley of Belskako¢na

(Vellacher Kotschna) divides the range into the
Western and Eastern Karawanks (Kladnik 1998a).

Because limestone predominates in the rock
composition of the Alpine mountains, surface
streams are rare and are limited to the deeply
cut valleys. The permeable surface gave rise to
high-mountain karst, in which karst landforms are
closely interwoven with glacial and periglacial
ones (Kladnik 1998a).

The extensive Alpine hills (for basic morpho-
metric indicators, see Table 4.6 in Chap. 4 of this
volume; Fig. 5.1) are composed of several land-
scapes: the Cerkno (Fig. 5.3), Skofja Loka, Polhov
Gradec, and Rovte Hills in western Slovenia,
the extensive Sava Hills in central and eastern
Slovenia, and the LoZnica and Hudinja Hills and
the Velenje and Konjice Hills to the northeast.
The Pohorje (Fig. 5.3), Strojna, and the Kozjak
Hills extend farthest to the northeast; these are the
southern spurs of the Central Alps separated by the
deeply cut Drava, Mislinja, and Mezica valleys.
The surface is heavily dissected into valleys and
ridges with an elevation difference of over 200 m
per square kilometer. The slopes are mostly long,
steep, and wooded, and in many places they are
broken up by shelves and side ridges with suffi-
cient space for isolated farms and small hamlets.
The rock composition is very diverse. Carbonate
rocks predominates in the western hills, with sand-
stone and shale exposed only in the lower parts.
In the Sava Hills, narrow belts of higher limestone
hills and slightly lower shale and sandstone hills
follow one another from north to south, whereas
hills made of volcaniclastic, igneous, and meta-
morphic rock dominate the Savinja and Drava
basins (Kladnik 1998a).

Dinaric karst plateaus (for basic morphome-
tric indicators, see Table 4.6 in Chap. 4 of this
volume; Fig. 5.1) extended in what is nearly
a contiguous belt from the central Soca Valley
in the west to the Kolpa River in southeastern
Slovenia. The Kambresko and BanjSice Plateaus
lie in the northwesternmost part of the Dinaric
region, separated by the deeply cut Sofa Valley.
The high Dinaric Trnovo Forest (Trnovski gozd,
Fig. 5.4), Nanos, and HruSica Plateaus extend to
the southeast from there. These transition into the
more rugged Idrija Hills in the north and the high
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Fig.5.1 Slovenia’s mountainous areas with the Alpine mountains, Alpine hills, and Dinaric plateaus marked separately.

(Adapted from Perko and Cigli¢ 2020a, b)

Dinaric Javorniki (Fig. 5.4) and SneZnik Plateaus
to the southeast. East of the Inner Carniola
Lowland (Notranjsko podolje), a series of slightly
lower plateaus extends from the MeniSija Plateau
and the Krim Hills in the north via the Bloke
Plateau to the Big Mountain (Velika gora), Stojna,
and Gotenica (Goteniska gora) Plateaus in the
south. The plateau of Dry Carniola (Suha krajina)
rises above the upper Krka Valley, followed by
Little Mountain (Mala gora), Ko¢evski Rog, and
Poljane (Poljanska gora) Plateaus to the south.
The Radulja Hills extend east of the Lower
Carniola Lowland (Dolenjsko podolje), and the
Gorjanci Hills rise above the lower reaches of
the Krka River (on its right bank). The Gorjanci
Hills extend in a predominantly southwest—north-
east direction, which makes them an exception
among the Dinaric landscapes. Karst plateaus are
heavily broken up by countless karst depressions,
conical hills, and rugged rocky terrain. Thick fir—
beech and beech forests grow in very unfavor-
able conditions on these plateaus because there

is very little fertile soil on the surface and rain-
water drains quickly through the thick limestone
layers into the karst underground, only resurfacing
in the powerful karst springs below the plateaus
(Kladnik 1998b).

5.2 Rocks

Slovenia’s mountainous areas lie at the intersec-
tion of the Dinarides, Southern Alps, and Eastern
Alps. Even though today these geotectonic units
are close together and even overlap in places,
they have different geological histories. They all
belong to the Adriatic microplate, which sepa-
rated from the African plate during the Mesozoic.
While moving north, it collided with the Eurasian
plate during the Neogene, causing the Alps to
rise. The two plates have continued to approach
each other since this collision, which is still the
main factor affecting Slovenia’s tectonic struc-
ture (Novak 2016; Hrvatin et al. 2020; Fig. 5.5).
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Fig.5.2 The two highest
mountain ranges in
Slovenia. Top: Mount
Triglav (2,864 m), the
highest peak in Slovenia
and the Julian Alps, with
the Vodnik Lodge (1,817
m) in the foreground.
Bottom: the central part of
the Kamnik—Savinja Alps
with Mount Grintovec
(2,558 m) as its highest
peak. (Photo by Matija
Zorn)

The borders between the geotectonic units run
along the Periadriatic (Seam), Labot, Ljutomer,
and Sava faults, the thrust front of the Southern
Alps, and the external front of the thrust zone of
the External Dinarides (Celarc and Placer 2016).

The Dinarides are divided into the External
and Internal Dinarides, and a transitional zone
in between. Slovenia only includes the External
Dinarides with the transitional zone. The External
Dinarides have a thrust and nappe structure, which
formed at the end of the Eocene and the begin-
ning of the Oligocene. It is composed of exten-
sive nappes made of Mesozoic carbonate rocks
thrust horizontally on top of one another. The

thrusting took place from the northeast toward the
southwest, and the nappe units slid across a base
made of Paleozoic rocks. In the front part of the
mountain range, they are thrust over Eocene flysch
layers. Typical examples of thrust tectonics in the
External Dinarides include the Trnovo (Fig. 5.4)
and HrusSica nappes, and the Sneznik thrust block
(Placer 1999, 2008; Celarc and Placer 2016).

In terms of paleogeography, the Southern Alps
are part of the Dinarides, from which they sepa-
rated during the Miocene. They are delimited
by the Periadriatic (Seam), Labot, and Ljutomer
faults to the north, and the Southern Alpine thrust
front and the Sava Fault to the south. They are
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Fig.5.3 Alpine hills. Top:
the Cerkno Hills with
Mount Porezen (1,630 m)
as their highest peak.
Bottom: the wooded
Pohorje Hills, whose
highest parts rise above
1,500 m. (Photo by Matija
Zorn)

made of the Upper Triassic rocks of the Julian
Carbonate Platform and the Mesozoic rocks of
the Slovenian Basin. The Southern Alps comprise
the Julian and Kamnik—Savinja Alps, the Western
Karawanks, the Paski Kozjak and Boc¢ hills, the
Alpine hills along the Baca and SelSka Sora rivers,
and part of the Skofja Loka Hills. The thrust
sheets of the Southern Alps formed predominantly
between the Eocene and Middle Oligocene. Due
to the north—south thrust direction, the ridges of
the mountains and hills run largely from west to
east (Placer 2008).

The Eastern Alps encompass the Precam-
brian and Early Paleozoic metamorphosed rocks

and the Permian and Mesozoic sedimentary rocks
north of the Periadriatic (Seam) Fault. In Slovenia,
the Eastern Alps include the Pohorje, Strojna,
and Kozjak Hills and the Eastern Karawanks
with Mounts Peca and UrSlja gora (Placer 2009).
The Eastern Alps are made of extensive nappes
that formed in the Alpine orogeny between
the Cretaceous and the Neogene. In addition
to its nappe structure another important feature
is plutonism, which is divided into Periadri-
atic tonalite intrusions of Oligocene age and
Pohorje granodiorite pluton with dacitic sills and
dikes of Miocene age (Fodor et al. 2008; Placer
2008).
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Fig.5.4 Dinaric plateaus.
Top: the thrust structure of
the Trnovo Forest Plateau
rises to 1,000 m above the
Vipava Valley (at
approximately 100 m).
Bottom: the rounded tops
of the Javorniki Plateau,
rising above 1,200 m.
(Photo by Matija Zorn)

In many places, the geological structure is
clearly reflected in the landforms. This espe-
cially applies to large geological structures, such
as thrusts, folds, and faults. In some places, the
thrust fronts take the form of sudden transitions in
terrain. The steep limestone slopes of the Trnovo
Forest Plateau above the flysch Vipava Valley
form the front of the Trnovo thrust (Fig. 5.4).
Folded terrain most often takes the form of parallel
elongated sequences of ridges and valleys, such as
in the Sava Hills. In many places, river valleys are
cut into the tectonically damaged rocks along the
faults. The Soca and Idrijca rivers cut part of their
valleys along the Idrija fault.

The rocks (Figs. 5.6 and 5.7, Table 5.1)
shaping the surface of Slovenia’s mountainous
areas formed from at least the Early Paleo-
zoic to the Quaternary. The oldest metamor-
phic rocks are probably even of Precambrian
age (Novak 2016). Sedimentary rocks predomi-
nate, covering 78.1% of the surface. Especially
common among these are limestone and dolomite
(50.3%) as carbonate rocks, whereas quartz sand-
stone and conglomerate, shale, and flysch and
volcanoclastic rocks predominate among the non-
carbonate rocks (27.8%). Loose sediments cover
the river valleys and certain slopes, covering
12.0% of the territory. Metamorphic rocks account
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Fig.5.5 Tectonic structure of Slovenia’s mountainous areas. (Adapted from Poljak 2007; Celarc and Placer 2016)

for 7.1% of the territory, and they are predomi-
nantly clustered in the northeast of mountainous
areas. Igneous rocks account for the smallest
share, covering only 2.8% of the territory. Intru-
sive igneous rocks can only be found on the
surface along the Periadriatic Seam and in the
Pohorje Hills, and volcanic rocks are dispersed
across small patches in the Alpine hills and
mountains.

The distribution of individual rock types is
fairly uneven. Alpine mountains are predomi-
nantly made of limestone and dolomite, whereas
carbonate gravel, rubble, and till have accu-
mulated in large quantities in the valleys.
Shale, quartz sandstone, quartz conglomerate, and
dolomite dominate the Alpine hills of Central
Slovenia. Standing out in this respect are the
Alpine hills in northeastern Slovenia, which are
made of metamorphic and igneous rocks. Nearly
all Dinaric plateaus are made of limestone and
dolomite. Due to their diversity, rocks play an
important role in Slovenian landscapes. They
are what largely determines today’s landforms,

network of rivers and creeks, soil types, distribu-
tion of plant species, and human activities in the
landscape (Natek and Natek 1998).

5.3 Landscape Types

In terms of their geomorphological develop-
ment (genesis), one can distinguish between
glacial, fluvio-denudational, and karst landscapes
in Slovenia’s mountainous areas (Figs. 5.8, 5.9
and Table 5.2). Glacial landscapes are limited
to areas that were exposed to glacial erosion
and accumulation during the cold Pleistocene
periods, and fluvio-denudational landscapes are
typical of areas made of poorly permeable rocks
and characterized by surface runoff. Karst land-
scapes developed on carbonate rocks. They are
characterized by intense chemical dissolution of
the bedrock and subterranean karst hydrology
(Hrvatin 2004).

Some areas feature a combination of genetic
landscape types. For example, glaciokarst is typi-
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Fig.5.7 Predominant o0 m Carbonate and clastic rocks
rock types in Slovenia’s m Carbonate gravel, rubble and till
mountainous areas. (Based = Dolomite
on Table 5.1) 50 = Igneous rocks
M Limestone
m Metamorphic rocks
40 o Silicate sandstone and conglomerate
30
%
20
OIIIII[-IlI Il _IIII
Mountainous Alpine Alpine Dinaric Slovenia
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cally found in mountains that were reshaped scape type, there is a variety of those that
by glaciers during the Pleistocene and where developed through the interaction of various
the chemical dissolution of carbonate rocks now geomorphological processes and are therefore
predominates. In addition to landforms that more referred to as polygenetic. The most typical among
or less clearly belong to a specific genetic land- these are peaks, ridges, and slopes of various



87

PIOQ UI 1B 9()] UBY) 210U SULIDA0D ASOY],
LW €£T°0C :9Z1S [2nIOT S BIUSAOS 0} puodsaliod K[211ua Jou op pasn JoKe[ viep oyy ul ejep oy,

00°001 | +8§°S9T°0T 6L'81 €0°€E | 007001 | 0T'808°€ 66'CC Tror | 007001 | 08'659F st §69C 007001 | 0T'190°¢ 68'9¢ 00001 | 61'6TS°T1 e,
Ayym
oSl 18'10¢ €00 S0°0 910 19 wo €L0 | 181 w8 06°0 651 66'S 9Tesl se'l LET 6S°€LT pue gng,
QJeIoWo[SU0d
pue duoyspues
'S €T901°1 ¥0°0 LO0 170 61'8 S6'¢ ¥6'9 | LI'LL | L0008 99°0 o't LEY oLeel oY L1'8 S6°'1v6 ZenQ
[oAeI3
65y £6'0€6 000 000 000 000 090 90T | 79T L6'1T1 00 L00 970 ors ¥9°0 €11 80°0€1 RIS
(yosAy)
1Iew pue
L SOEPY'l 4! L1'T LS9 €°0ST 150 060 | €TC €L'E0T 650 €0'1 88'¢ 69811 €€T or'y oL'TLY auoyspueg
£ 4 18°€16 000 000 100 wo 0L'o YTl | 90°¢ €9yl 00°0 10°0 €00 060 IL0 STl sLevl pueg
$001
ory orI'ies 000 000 000 000 18°¢ 0L'9 | LS9T | 00CTLL 0’0 SE0 @l 6707 107 So'L 0€TI8 orydiowrela |y
78 26'086 100 100 00 8Y'l 05’0 88°0 | 8I'C SS101 S0'0 600 €0 8T°01 950 86°0 1€°€TT e
ps'9C 6L'8LE'S €U'TL 9S°61 | TT6S | 0TSSTT [Nt L9C | 199 96'L0E €L'S Lo'OT 16°'LE | 0S091°T LEST 0€7CE | 99°€TLE Quoysawly
Y91 Yoee 100 100 €00 el wl S1'ec | 1e¢ ¥9'L¥T 8¢°0 L9°0 w$T ST'LL 19'1 €8T 01°92¢ $Y201 SNOouSY
9€°TIL 90'70S°C LSV €08 T€vT | 18°ST6 er'e €09 | TOPL | 11'S69 €re yL'E LOPT | 08°0¢V ot 08°LT | TL'ISOT oo
QUOISI[IS
pue duoisAe[d
[} LL'8YE 0T0 Se0 90T LTOY 4! 61'c | 1¥'S S1Tse o 6£0 Lyl 06’77 99'1 £6'C eLee dreys
L6'TI 19'879°C 6v°0 98°0 19T ¥'66 SL1 LO0E | 09°L °6'ese oro 81°0 L9°0 Ly'0T 144 1y €8°CLY s pue Ke[y
m pue
9[qqni ‘ToAeI3
SL9 65'89€°T 1€°0 S0 o'l 9979 960 860 | TV'C 08°CII L6'C €S 89'61 | L¥'T09 ¥8'¢ SL9 €6'LLL Qeuoqre)
QJeIoWO[SU0d
SLO 6¥'CS1 000 000 100 LY'0 w00 00 | 600 8EY oro LT0 $9°0 8661 1o wo €8'%C aeuogre)
$y001
onse[d pue
[ANY S0r0°l LLO 9¢'l 1y 6991 9L'T S8y | 10T | 99°6SS €0'1 (28 $8'9 1L°60T LSV €08 L0926 dreuoqler
seare | snedjerd seare Sy seaIe | surejunour seare

BIUSAO[S | Snourejunouwt | LUl (ury) | eruaAo[s | snoureyunour | duidry (uny) | ®IUGAOIS | snourgunow suldry (Zuny) | ®IUGAOIS | snourgunow (Zuny)

% | (Zuy) ea1y 0% 0% 0% Baly 0% 0% 0% ealy 0% 0% 0% By 0% 0% ealy
RIUIAOIS snwayd srmwug sipy aurdyy suwpunow durdyy BIIR SNOUTEJUNOA ad£) ypoy

5 Mountains of Slovenia

(9°G "S1J uo paseg) ‘SeaIe SNOUTEIUNOW S BIUAAO[S UT sodK1 o0y  L°S a|qelL



88 M. Hrvatin and M. Zorn
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Fig.5.8 Genetic landscape types in Slovenia’s mountainous areas. (Adapted from Gabrovec and Hrvatin 2018)

Cartographer: Manca Volk Bahun
©ZRC SAZU Anton Melik Geographical Institute

Fig.5.9 Predominant 90
genetic landscape types in W Fluvial ® Glacial = Karst
Slovenia’s mountainous 80
areas. (Based on Table 5.2)
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Fig.5.10 Pleistocene glaciation of Slovenia’s mountainous areas. (Adapted from Sifrer 1998; Ferk et al. 2017)

shapes (Gabrovec and Hrvatin 1998; Zorn et al.
2020a, b).

5.3.1 Glacial Landscapes

Glacial landscapes cover over 15.3% of Slovenia’s
mountainous areas (Fig. 5.10). They formed
through glacial erosion and accumulation during
the cold periods of the Pleistocene. They are
typical of the Alpine mountains, such as the Julian
Alps and the Kamnik—Savinja Alps, and partly
also the Karawanks, the Pohorje Hills among the
Alpine hills, and certain high Dinaric plateaus,
such as the Sneznik and the Trnovo Forest plateaus
(Ferk et al. 2017). They make up over half of the
Alpine mountains, only 0.2% of the Alpine hills,
and just over 2% of the Dinaric plateaus.

During the Last Glacial Maximum, the Julian
Alps were covered by an ice cap above an approx-
imate elevation of 1,300 m, from which glaciers
crept down through the valleys, extending far
below the snow line. The greatest volume of ice

masses accumulated in the Bohinj Valley, into
which ice flowed down from the ridges and high-
mountain plateaus on its north, west, and south
sides. At Bohinjska Bistrica, the ice masses were
as thick as 800 m. From the Bohinj Valley, the
glacier descended through the valley of what is
now the Sava Bohinjka River all the way down
to the Bled—Radovljica Basin (Melik 1930; Sifrer
1969).

Two other glaciers descended toward that same
basin. The first crept down the Radovna Valley
and the other down the Sava Dolinka (Dolina)
Valley. The Radovna Glacier was fed by ice
masses coming down from the Krma and Kot high-
mountain valleys, as well as from the northern
part of the Pokljuka Plateau. The Dolina Glacier
accumulated ice masses from the Planica, PiSnica,
and Vrata high-mountain valleys, and to a smaller
degree also from the Western Karawanks (Gams
1992; Ferk et al. 2017).

Great volumes of ice moved along the Soca
Valley. According to an older interpretation, the
Soca Glacier reached down to Tolmin or even
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Most na Soci (being almost 70 km long) during
its maximum extent (Sifrer and Kunaver 1978).
However, the glacier’s characteristics and the
model of its possible dimensions show that the
size is most likely exaggerated (being maybe half
the size), at least when referring to the periods
of most recent major Alpine glaciations, and that
during that time the main ice flow in the valley
must not have extended farther than the Bovec
Basin (Bavec et al. 2004).

Only minor glaciers developed in the Kamnik—
Savinja Alps. Ice masses descended from beneath
the central peaks and ridges down into the deeply
cut valleys, extending further down along them,
but these glaciers were not long. They only
filled the upper parts of the Kokra (Meze 1974),
Kamniska Bistrica (gifrer 1961), and Savinja
valleys (Meze 1966), which still have a high-
mountain character, and so they did not extend
beyond the mountain range.

As aslightly lower and narrow mountain range,
the Karawanks were covered by less ice. In their
eastern part, small glaciers developed on Mounts
Peca and OlSeva (Gams 1970), and in the central
part there were several glaciers on the slopes of
Mount KoSuta to the south and in the area of the
Zelenica between Mounts Begunj$cica, Vrtaca,
and Stol, from where ice masses descended down
the Zavrsnica Valley (Melik 1932; Sifrer 1969).

During the ice ages, the Pohorje Hills were
too low to develop an ice cap, but nonetheless
several small cirque glaciers developed in the
shady depressions on the northern slopes of the
main ridge (Natek 2007; Obu 2011).

In the Dinaric Alps, ice mainly accumulated
on the extensive plateaus south of Mount SneZnik.
These extended over 1,400 m and thus above the
permanent snow line. From them, the ice flowed
toward PadeZnica hollow and from there down the
valley onto Gomance piedmont polje, with the ice-
covered area extending contiguously all the way to
Mount Risnjak in Croatia. Moraine embankments
of various ages suggest the area was exposed to
multiple glaciations (Sifrer 1959).

The Pleistocene glaciation of the Trnovo Forest
Plateau affected at least 8 km?. The ice cap was
approximately 4,8 km? in size, and its maximum
thickness was approximately 180 m in the karst

depression known as Smrekova draga. Outlet
glaciers fell across a steep transition in the terrain
in the form of seracs. After nearly 4 km, the glacier
descending down the plateau into the Trebusa
Valley stopped at an elevation of around 350 m
(Kodelja et al. 2013; Zebre et al. 2013).

The glaciers heavily reshaped the surface. The
debris they carried with them eroded many slopes
and widened the highest karst plains. Cirques
formed under the rocky ridges high up in the
mountains. Large cirques include the Za Akom
and Pod srcem cirques above Gozd-Martuljek in
the Julian Alps, and the OkreSelj Cirque above
the headwall of the Logar Valley in the Kamnik—
Savinja Alps. Glaciers filled the former river
valleys, transforming them into glacial troughs
with a wide, flat bottom and steep slopes. The
most typical glaciated valleys include the Trenta,
Lepena, Vrsnik, MoZnica, BavSica, Zadnjica,
Lower and Upper Bohinj, Voje, Tamar, Vrata, Kot,
Krma, Radovna, and Triglav Lakes valleys in the
Julian Alps, the Makek (Makekova ko¢na), Ravne
(Ravenska kocna), Logar (Logarska dolina),
Matk (Matkov kot), Roban (Robanov kot), and
KamniSka Bistrica valleys in the Kamnik—Savinja
Alps, and the Zavr$nica, Draga, and Podljubelj
valleys in the Karawanks (Gabrovec and Hrvatin
1998; Kladnik 1998a).

The interglacial, warmer periods of the Quater-
nary were characterized by significant deepening
of the valleys, which began when the glaciers
started to recede. The downcutting of rivers was
so pronounced that any new deposition during
each of the following ice ages no longer reached
the height of the previous one. Thus, six main
Quaternary terraces formed down the valleys, with
each lower one younger than the previous one
and hence less weathered and karstified on the
surface. Each consecutive terrace is covered by
a thinner layer of weathered material, the gravel
in it is increasingly less consolidated and, in the
youngest terrace from the most recent ice age, it
is even completely fresh (Sifrer 1998).

During the ice ages, the nearby non-glaciated
periglacial areas were also exposed to profound
surface transformation. Due to extremely low
temperatures, forest almost completely disap-
peared. This was followed by strong mechanical
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weathering of rocks and solifluction (i.e., slow
downslope movement of water-saturated debris).
Significant amounts of periglacial debris can be
found in the Lower Soca Valley and below the
karst plateaus, from the BanjSice and Trnovo
Forest plateaus past the Nanos, HruSica, Javorniki,
and SneZnik plateaus, and onward toward the
southeast (Sifrer 1998).

Recent geomorphological research has
provided new insights into periglacial land-
forms. In the Pohorje Hills, research has revealed
numerous cryoplanation terraces and nivation
hollows, as well as the presence of ploughing
rocks, blockstreams, and blockfields (Natek 2007,
Obu 2011). In the Alpine mountains, detailed
laser scanning of the surface has revealed many
relict rock glaciers (Fig. 5.11) and nival moraines
(Colucci et al. 2016; Triglav Cekada et al. 2016).

Currently, there are only two glaciers left in
Slovenia: the Triglav Glacier (Fig. 5.12) in the
Julian Alps and the Skuta Glacier in the Kamnik—
Savinja Alps. Both are subject to long-term moni-
toring and hence important for studying past
and present environmental changes. The Triglav
Glacier lies on the relatively sunny northeastern
side of Mount Triglav, at an elevation between
2,400 and 2,500 m. In the second half of the
nineteenth century, it still covered nearly forty-
six hectares. By 1946, when regular monitoring
started, it shrank to fourteen hectares, and it now
covers less than half a hectare (Gabrovec et al.
2013, 2014; Triglav Cekada and Zorn 2020). The
Skuta Glacier is a cirque glacier, less than a hectare
in size, which lies in a year-round shady area at
an elevation between 2,000 and 2,100 m (Pavsek
2007; Triglav Cekada et al. 2020). For a long time,
the view predominated that both glaciers formed
during the Little Ice Age and hence cannot be
considered remnants of the Pleistocene glaciation
(Ferk et al. 2017). However, the latest uranium—
thorium dating of subglacial carbonate deposits
in the Triglav Glacier area (Lipar et al. 2021)
has surprisingly shown that the sediments were
deposited during the Last Glacial Maximum and
the Younger Dryas. Exposed subglacial carbonate
deposits tend to weather quickly and they erode
completely within a few decades (Lipar et al.
2025). Their presence, therefore, indicates that

Fig.5.11 Relict rock glaciers can be found in the Alpine
mountains, such as the one in the Beli potok basin in the
Julian Alps with a mean elevation of 1,040 m. Top: lidar
image. (Source Surveying and Mapping Authority of the
Republic of Slovenia) Bottom: steplike surface between
two “arches” of the rock glacier. (Photo by Matija Zorn)

the Triglav Glacier has most likely remained
continuously present throughout the Holocene.

5.3.2 Fluvio-Denudational
Landscapes

The fluvio-denudational landscape type consti-
tutes nearly four-tenths of Slovenia’s mountainous
areas. It is the most common in the Alpine hills,
covering nearly two-thirds of the total area. In
addition, it constitutes just under a fourth of
the Alpine mountains and only one-tenth of the
Dinaric plateaus. These areas are largely made of
poorly permeable rocks, and they are primarily
characterized by various slope processes (Komac
and Zorn 2007), from slow creeping and leaching
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Fig.5.12 The Triglav
Glacier at the end of the
nineteenth century (top)
and in 2012 (bottom).
(GIAM ZRC SAZU
archive)

of weathered material to large landslides and
rockfalls, and water erosion.

Due to exogenic processes the yearly sedi-
ment productions in the Alpine mountainsis 1,100
to 1,300 m3/km?, and in the Alpine hills 400
to 700 m3/km? (Natek and Natek 1998). Espe-
cially in the Alpine hills slumps and landslides
are frequent on slopes covered by a thick layer of
weathered material and soil; these are triggered
in great numbers (up to several dozen per km?)
during heavy rain (Gabrovec 1990). Extensive
landslides are common in the Skofja Loka, Idrija,
Cerkno, and Sava hills (Komac and Zorn 2007).
Rockfalls occasionally develop on the mountain
cliffs and steep rocky slopes of mountain valleys
(Zorn 2002). In recent decades, they have been
especially common in the mountains above the

Soca Valley. A significant number of rockfalls
developed during the 1976, 1998, and 2004 earth-
quakes. During the earthquake on April 12, 1998,
which had a magnitude of 5.8 on the Richter
scale, over a hundred rockfalls of various sizes
were triggered, and several million cubic meters
of material were moved. During the earthquake
on July 12, 2004, which had a magnitude of 4.9
on the Richter scale, thirty-eight rockfalls were
recorded in roughly the same area but, because
of the smaller earthquake magnitude, they were
smaller and primarily only superficial (Vidrih etal.
2001; Komac and Zorn 2007).

An important factor in the transformation of
mountainous surfaces is various watercourses.
The most important feature of mountain rivers and
creeks is their distinctly torrential character, which
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shows most clearly in the over tenfold difference
between their maximum and average discharges.
Between 1991 and 2020, the maximum discharge
on the Paka River measured at Sotanj (137 m3/
s) was 59.9 times higher than average (2,29 m3/
s), the maximum discharge on the Kokra River
measured at Kokra was 43.9 times higher than
average, and on the Koritnica River at Kal-Korit-
nica it was 43.3 times higher. A difference of at
least 30 times was also recorded on the Kamniska
Bistrica River at Kamnik, on the Savinja River at
Lasko, on the Sora River at Suha, and on the Meza
River at Otiski Vrh.

Flash floods are of short duration, but they are
extremely violent. They are caused by relatively
short but intense rainfall during summer thun-
derstorms or heavy rain in the fall. They occur
along hundreds of small torrents in the moun-
tains and hills, and along certain large rivers, such
as the Meza, Mislinja, Savinja, Trziska Bistrica,
Kamniska Bistrica, and Sora. The water rises very
fast, transports large amounts of gravel, which
it deposits on the fans or floodplains, and then
recedes within a few hours (Brilly et al. 1999). The
increasing damage from floods in recent years has
primarily been the result of ill-considered spatial
planning in flood-prone areas (Natek and Natek
1998; Komac et al. 2008).

Alpine mountains and hills are very sensitive
to erosion, and so forest is of exceptional impor-
tance in these areas. It retains and absorbs water
and hinders its runoff but, first and foremost, it
prevents the formation of large volumes of uncon-
solidated erosion debris that surface runoff could
transport into the torrents (Horvat 2002).

5.3.3 Karst Landscapes

Karst landscapes are the predominant landform
in Slovenia’s mountainous areas, covering nearly
half of their total area. Taking into account that
most previously glaciated areas are also kars-
tified, mountain karst constitutes over 60% of
Slovenia’s mountainous areas. Most karst land-
scapes can be found on Dinaric plateaus, where
they cover nearly nine-tenths of the total area.
Nearly a quarter of the Alpine mountain terrain

has a karst character but, if glaciokarst is also
taken into account (Fig. 5.13), karst landscapes
make up over three-quarters of the Alpine moun-
tains. They also constitute nearly three-tenths of
the Alpine hills.

The main characteristics of karst landscapes
include intense chemical dissolution of carbonate
rocks and underground karst hydrology. Based on
the hardness or mineralization of karst waters, it
was established that the karst surface in Slovenia
lowers by 2 to 10 mm every century; however,
on the Trnovo Forest Plateau and SneZnik Plateau
and the edges of the Julian Alps, where annual
precipitation is up to 3,000 mm, it most likely
lowers by more than 10 mm per century locally
(Gams 2004). The discovery of unroofed caves
has confirmed intense lowering of the surface due
to corrosion (Mihevc 2001).

Based on the type of carbonate rock exposed to
karstification, one can distinguish between lime-
stone and dolomite karst. Limestone karst land-
scapes typically consist of karst depressions and
conical hills (Figs. 5.4 and 5.14). Dolines are the
most common karst depressions; in flat areas their
density can be exceptional, even over 500 per
km?. There are no dolines at the bottoms of karst
poljes and steep slopes; they are also less common
in slightly inclined areas (Mihevc and Mihevc
2021). Large karst depressions include uvalas and
karst poljes. The best-known ones are located
in the lowlands outside the mountainous areas;
however, some can also be found in mountainous
areas, such as the Dobrepolje-Struge, Bloke and
Globodol karst poljes (on Dinaric plateaus), as
well as Velo and Malo polje (in Alpine mountains)
below Mount Triglav (Fig. 5.13).

Karst hydrology resulted in the formation of
many caves and shafts. As of July 2022, the
register of the Slovenian Speleological Associa-
tion included 14,695 karst cavities, 9,956 of which
are located in mountainous areas (Kataster ...
2022). With a total length of 43 km, the Migovec
Cave System is the longest cave in Slovenia,
and the Rombon Cave System is already over 20
km long (both in the Julian Alps). The deepest
shafts (i.e., deeper than 1,000 m) to date have
been explored on Mounts Rombon and Kanin (the
Julian Alps), and on the Dleskovec Plateau (the
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Fig.5.13 Because of the
predominantly carbonate
bedrock, most Alpine
mountains are karstified,
and they were also
reshaped by glaciers. Top:
glaciokarst in the Triglav
Lakes Valley in the Julian
Alps. (Photo by Bojan
Erharti¢, GIAM ZRC
SAZU archive) Bottom: the
Velo polje (right) and Malo
polje (left) in the Julian
Alps are high-mountain
karst poljes. (Photo by
Matija Zorn)

Kamnik—Savinja Alps). The Cehi 2 Shaft (1,505
m deep) on the Rombon Plateau is currently the
fourteenth-deepest shaft in the world. Collapse
dolines formed in places as a result of collapsed
cave roofs; they are especially common in the
catchment areas of the karst sources of the Ljubl-
janica and Krka rivers. The Pekel collapse doline
between the Little Mountain (Mala gora) and
the Kocevski Rog Plateau is over 100 m deep,
and the Dol collapse doline near Mala Ilova
Gora has a volume of 12.7 million m3, which
ranks it among the largest in Slovenia (StepiSnik
2010).

In karst studies, conical karst hills (Fig. 5.4) are
mostly typical of tropical areas, and less atten-
tion is devoted to those in temperate climate
zones. These are landforms that rise, either in
isolation or from a common base, several tens
of meters high. The hills predominantly have a
round base, and they vary in height and slope incli-
nation. It was initially believed that the conical
hills typical of Dinaric karst landscapes were a
relic of the tropical climate during the Pliocene
(Habi¢ 1968, 1980), but more recent research
has shown that there are two types of isolated
conical hills, reflecting two different formation
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Fig.5.14 Dinaric plateaus
(Dinaric karst landscapes)
are characterized by
dolines and conical hills
(top), which are mostly
covered in forest (bottom);
the area of the Trnovo
cadastral municipality on
the Trnovo Forest Plateau
at an elevation between 800
and 900 m. (Source
Surveying and Mapping
Authority of the Republic
of Slovenia)

mechanisms. The first type is corrosion hills,
which, due to their varied rock permeability, lower
more slowly than their surroundings. The second
type is isolated hills, which can be tectonically
defined as vertical uplifts. The types have different
morphometric characteristics, with corrosion hills
being lower, gentler, and covering smaller areas
than the tectonic hills (Stefanovski and Repe
2019).

In dolomite karst landscapes, surface karst
features are less common, and so their karst char-
acter is less pronounced than in the limestone
type. Large karst caves are also relatively rare
there. Shallow dry valleys, or dells, are typical
(Komac 2006). In addition to the chemical disso-
lution of rock, erosion and denudation are also
common on dolomite, which is why in many
places dolomite karst landscapes resemble fluvio-

denudational landscapes. This landscape type is
often referred to as fluviokarst (Komac 2004).
Because of the poor mechanical resistance or brit-
tleness of the dolomite, badlands are common in
this landscapes.

From a regional perspective, Slovenia’s moun-
tain karst landscapes are divided into three main
units, which are spatially well separated, but they
also differ in a number of natural geographical
and other characteristics. Alpine karst landscapes
are typical of the Alpine mountains, several small
isolated karst areas can be found in the Alpine
hills, and Dinaric karst landscapes are common on
high Dinaric plateaus. This typology was applied
in the outline of Slovenia’s speleological charac-
teristics (Gams 1965) and in discussing the hydro-
graphic characteristics of Slovenian karst areas
(Habic¢ 1969).
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Alpine karst landscapes primarily developed
onthe Triassic limestone and dolomite of the Julian
Alps, Kamnik—Savinja Alps, and Karawanks.
They typically have a deep vadose zone perforated
with shafts, some of which over 1,000 m deep
(Mihevc et al. 2016). Some shafts are connected
with subhorizontal passages, forming long cave
systems. At the foot of the mountains that rise up to
2,864 m (e.g., Mount Triglav), there are many karst
springs. Because the mountains were covered in
ice several times during the Pleistocene, the config-
uration of the terrain is the result of the interac-
tion between glacial and karst processes. High-
mountain plateaus and exposed rock areas above
the tree line are characterized by limestone pave-
ments—that is, glacially smoothed and heavily
karstified rock blocks on top of thick layers of lime-
stone (Kunaver 1983). Another common feature
is snow kettles: round rock hollows with vertical
walls, in which snow lingers most of the year. In the
past, their formation was associated with the corro-
sive effects of snow melt, but now the predomi-
nant belief is that snow kettles are the remnants of
former subglacial swallow holes (Stepisnik 2020).

Isolated karst landscapes formed on lime-
stone and dolomite patches surrounded by poorly
permeable non-carbonate rock. These patches are
small, only a few tens of square kilometers in size,
and dispersed across the Alpine hills (Habe 1972).
Karst features tend to be less pronounced in these
areas, and they are often described as fluviokarst
due to the combined interaction of fluvial and karst
processes there (Mihevc et al. 2016). Thicker soils
that formed through the weathering of allogenic
alluvial sediments are common on the surface and
in the dolines. Therefore, small suffosion dolines
are frequent in this karst landscape type (Mihevc
and Mihevc 2021).

Dinaric karst landscapes cover a contiguous
karst area in western and southern Slovenia. They
are mostly made of Jurassic and Cretaceous lime-
stone and dolomite (Habi¢ 1975). Diverse surface
karst features, such as minor karst landforms,
various depressions, and conical hills (Figs. 5.4
and 5.14), appear across the entire area. Dolines
are the predominant feature (Fig. 5.14). In the
past, many dolines were adapted for agricul-
tural use and are thus referred to as “cultivated

dolines.” High Dinaric karst landscapes consist
of plateaus at elevations between 900 and 1,400
m, with individual peaks rising even signifi-
cantly higher than that. The highest peak, Mount
Sneznik, rises to 1,796 m. The high plateaus
receive from 1,500 to 3,000 mm of precipi-
tation a year. Because their surface is heavily
karstified, water immediately sinks underground,
and so there is no surface runoff. The vadose
zone is several hundred meters deep and criss-
crossed by many shafts (Mihevc et al. 2016). The
percolating water resurfaces in the powerful karst
springs below the plateaus. The most prominent
among them are the Vipava, Ljubljanica, and Krka
springs.

5.4 Climate

The climate in Slovenia’s mountainous areas
(Figs. 5.15 and 5.16, Table 5.3) is the result of
various climate factors. Slovenia’s position in the
middle latitudes relatively close to the Atlantic
and the influence of western air circulation are
two important factors. Its position on the edge of
the Adriatic or in a transitional zone between the
Mediterranean Basin and the Eurasian continent
also plays a great role. Due to its highly dynamic
terrain, elevation is also very important (Ogrin
1996; Ogrin et al. 2023).

Because of its location in the middle latitudes,
Slovenia has a temperate and humid climate.
Great weather variability is typical, resulting from
frequent changes in air masses of various charac-
teristics. The weather is the most stable during
the expansion of the Azores or Siberian High.
The Azores High causes hot and muggy weather
in summer and the Siberian High causes dry and
cold weather in winter, with atmospheric inver-
sion and fog in the basins and valleys. When the
cold fronts pass through, they bring showers and
storms, making the weather deteriorate briefly.
Long deteriorations occur with the passing of
the Mediterranean cyclones, which bring heavy
precipitation and primarily snow in the mountains
(Ogrin 2004).

The following three climate types can be
distinguished in Slovenia’s mountainous areas:
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Fig.5.15 Climate types in Slovenia’s mountainous areas. (Adapted from Ogrin et al. 2023)
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mountain, submontane, and moderate continental
climate. Just over a tenth of the area covered by
mountainous areas has a mountain climate, two-
thirds has a submountain climate, and a fifth has
a moderate continental climate.

Alpine
mountains hills

Dinaric Slovenia

plateaus

Alpine

With elevation, the air temperature usually
decreases, precipitation increases, the duration
and thickness of snow cover increases, the winds
increase, and the vegetation period shortens.
Therefore, altitudinal climatic—vegetation zones
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are one of the main characteristics of mountainous
areas. The mountain climate, typical of the Alps
and the highest parts of the Pohorje Hills and the
Sneznik Plateau, is the coldest and most humid
climate type in Slovenia, with a long-lasting and
thick snow cover, which in average winters is
deeper than 150 cm. The average temperature of
the coldest month is below —3 °C and annual
precipitation mostly exceeds 1,600 mm. Areas
with a mountain climate in western Slovenia are
wetter, with annual precipitation over 2,500 mm
and a precipitation maximum in the late fall. Areas
in the east receive less precipitation, and summer
is the wettest part of the year. Winter has the least
precipitation. Due to global warming, the moun-
tain climate zone has been shrinking rapidly over
the past decades (Ogrin et al. 2023).

The submontane climate is typical of the
foothills of the Alps and most of the Alpine hills
and Dinaric karst plateaus. It is a transitional
climate between the mountain and moderate conti-
nental climate on the eastern side of the Alpine—
Dinaric barrier and the mountain and moderate
Mediterranean climate on the southwestern side
of the barrier. The average January temperatures
mostly range between 0 and —3 °C, and the
average July temperatures are between 16 and 20
°C. Due to the Alpine—Dinaric barrier, the climate
is wetter than average, with the least precipita-
tion in winter. Due to lower elevations and higher
temperatures, snow cover is less reliable than in
mountain climate. Precipitation and temperature
conditions form the basis for dividing the submon-
tane climate into very humid, found in the central,
highest, coldest, and wettest part of the barrier, and
humid, found in the lower and slightly warmer
peripheral areas on the continental and coastal
sides of the barrier (Ogrin et al. 2023).

The moderate continental climate is found
in the low-lying areas of the Alpine hills in
northeastern Slovenia and in Dry Carniola (Suha
krajina). The highest average annual temperature
amplitude of over 20 °C is typical, along with high
maximum summer temperatures. Annual precipi-
tation is below 1,400 mm. Even though the propor-
tion of precipitation is higher in the warm half of
the year, summers approach arid conditions due to
the high temperatures. Frostis common in winters,

along with colder periods when daily temperatures
remain below zero. Spring frost is also relatively
common, and summer hot spells are often inter-
rupted by storms (including with hail and strong
winds), which cause major damage to agriculture
(Ogrin et al. 2023).

Over the past decades, the average air temper-
ature in Slovenia has been rising faster than
the global and Alpine average. The number of
hot days is increasing, droughts are becoming
increasingly more frequent, winters are becoming
increasingly milder, and extreme weather events,
such as heatwaves, are more pronounced and they
last longer (Dolinar and Verta¢nik 2010). Over the
past sixty years, average annual temperatures in
Slovenia’s mountainous areas have increased by
over 2 °C, irrespective of elevation (Table 5.4). In
contrast, annual precipitation has been decreasing
by as much as several hundred millimeters, or 10%
to 20% (Table 5.5). A declining trend has been
particularly evident in the number of days with
snow cover. In the high mountains, at an elevation
of about 2,500 m, the changes have not (yet) been
so significant (the station on Mount Kredarica),
whereas at elevations close to 1,000 m the number
of days with snow cover has already declined
considerably, by even more than forty days or
approximately 30% a year. At even lower eleva-
tions, the decline has been even greater, exceeding
fifty days or 50% a year (Table 5.6).

Due to the increasing air temperatures and
diminishing snow cover, the discharges of
Slovenia’s mountain rivers have also decreased
significantly (Sect. 5.5), and their discharge
regimes have also changed considerably (Kobold
and Ulaga 2010; Hrvatin and Zorn 2017, 2020,
2024). Because of the diminished snow cover,
water supplies will have decreased by at least
a third by the end of the twenty-first century
(Dolinar and Verta¢nik 2010).

5.5 Hydrology

Water conditions in Slovenia’s mountainous areas
largely depend on the rock composition of indi-
vidual landscapes. The river system comprises a
multitude of rivers, creeks, and torrents with a total
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length of nearly 15,300 km. The average density
is 1.32 km of watercourses per km?, which is only
slightly lower than the Slovenian average. Surface
streams are not evenly distributed, because nearly
two-thirds of the mountainous areas are karst land-
scapes and nearly without surface streams. The
density of streams is especially low (i.e., below
0.05 km per km?) on some karst plateaus, such as
the Javorniki (Fig. 5.4), SneZnik, Kocevski Rog,
Poljane, and Dry Carniola plateaus. Outside karst
landscapes, the river system is highly branched
and, in some areas of the Alpine hills (e.g., the
Cerkno, Polhov Gradec, Rovte, Pohorje, Strojna,
and Kozjak hills), the density of streams exceeds
2.25 km per km?.

The divide between the Black Sea and the Adri-
atic runs across Slovenia. Rivers drain to the Black
Sea several hundred kilometers from four-fifths of
Slovenia’s mountainous areas, and to the nearby
Adriatic from only one-fifth of this areas. The
Black Sea watershed comprises the Drava, Sava,
and Kolpa basins, and the Adriatic watershed
includes the Soc¢a and Reka basins.

The mountainous river system is character-
ized by short watercourses, with only seventeen
rivers longer than 20 km. The Soca River is the
longest, measuring 91 km in the mountainous part
of Slovenia, followed by the Savinja (70 km) and
Drava (67 km); the only two other rivers longer
than 50 km in this part of Slovenia are the Sava
(61 km) and Idrijca (58 km). In terms of water
volume, the Drava is in first place, with an average
annual discharge of 262 m3/s at Dravograd, where
it enters Slovenia from Austria. Lagging only
slightly behind is the Sava at Rade¢e (230 m%/s),
and the discharge of the Soca at Solkan (94 m3/s)
is already less than half that. An average annual
discharge of over 50 m?/s is also typical of the
Kolpa River, the Savinja River has a discharge of
over 40 m3/s, and the Ljubljanica and Idrijca over
20 m3/s.

The runoff coefficients, which show the
percentage of water flowing into rivers, vary
considerably across the mountainous areas. The
differences are primarily due to precipitation
volume and regime, and rock and topographic
characteristics. The highest values (i.e., over 70%)
can be observed in the Upper Soca and Bohinj

valleys (the Julian Alps). Runoff coefficients
between 60 and 70% are typical of the rest of
the Alpine mountains and the western parts of the
Alpine hills and Dinaric plateaus. Values between
45 and 60% predominate in the eastern areas of the
Alpine hills and Dinaric plateaus (Frantar 2008).

Even a few decades ago, most mountain rivers
still had a very pronounced snow-rain discharge
regime. Due to snow retention, the minimum
discharges were in winter, and the primary
discharge maximum was in spring when the snow
melted. A secondary discharge minimum was
in summer, due to stronger evapotranspiration,
followed by a secondary discharge maximum in
the fall resulting from heavy rain (Hrvatin 1998).
The past decades have seen notable decreases
in the discharge and gradual changes in the
discharge regimes of all mountain rivers. The
reasons for this include higher average temper-
atures, which accelerate evaporation, a smaller
volume of annual precipitation, a shorter duration
and smaller amount of snow cover, and an increase
in the share of wooded areas. In nearly all rivers,
the fall discharge maximum has already exceeded
the spring maximum, and the summer discharge
minimum is already very close to the winter
minimum. Because of the shorter duration and
smaller amount of snow cover, and stronger evap-
otranspiration, there has been a decrease in the late
spring and early summer discharges, along with
an increase in discharges between October and
December, which indicates that winter is “running
late” (Hrvatin and Zorn 2017, 2020, 2024).

For example, changes in the discharge regimes
from 1961 to 1990 and from 1991 to 2020 (Arhiv
... 2024a) can be clearly seen on the MeZa River
(Fig. 5.17). Its November rain maximum has
already significantly exceeded its spring high-
flow conditions, which are primarily the result
of snow melting in the mountains and hills.
At the same time, due to summer droughts, its
August minimum has already exceeded its winter
minimum, which is the result of snow retention.

Natural lakes are rare and small in Slovenia’s
mountainous areas. In terms of origin, they can
be divided into glacial and karst lakes. The largest
and best-known glacial lakes are Lake Bohinj and
Lake Bled (Fig. 5.18). Lake Bohinj covers an area
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Fig.5.17 Changes in the discharge regime of the MeZa River at the Otiski Vrh gauging station, 1961-1990 and

1991-2020

of 3.18 km? and has a maximum depth of 44.5
m. It is a drainage lake with a karst catchment
area. Its main tributary is the Savica River, which
collects karst groundwater from the Triglav Lakes
Valley area (the Julian Alps). The lake’s water-
shed is part of Triglav National Park and almost
completely unpopulated, and so the lake is in very
good ecological condition (Remec-Rekar and Bat
2004; Remec-Rekar 2016).

Lake Bled is smaller (area: 1.40 km?,
maximum depth: 30.6 m). It is without a major
freshwater inflow, and its catchment is consider-
ably urbanized, burdened by traffic, and exploited
for agriculture, fishing, and tourism. Eutrophica-
tion advanced heavily in the second half of the
twentieth century, but the lake’s ecological condi-
tion was significantly improved though various
measures (Remec-Rekar and Bat 2004; Remec-
Rekar 2016).

Both lakes are popular tourist destinations.
The mean monthly temperature of Lake Bled in
summer exceeds 22 °C, and the temperature of
Lake Bohinj is 2 to 3 °C lower (Bat 1997). There
are several other small glacial lakes in the high
mountains of the Julian Alps, the best known
among them being the Triglav Lakes, Kriz Lakes
(Kriska jezera), and Krn Lakes (Krnska jezera)
(Brancelj 2002).

Marshes are also rare and small, just like lakes,
and they are categorized as wetlands with perma-
nent or intermittent water retention. They are over-
grown with hygrophilous plants, which, due to the
shortage of air, do not decompose into humus, but
turn into peat in the process of coalification. In
their original form, peat bogs now only remain
on the Pokljuka Plateau (the Sijec, Veliko Blejsko
barje, and Goreljek bogs) and Jelovica Plateau (the
Ledina and Za blatom bogs) in the Julian Alps,
and in the Pohorje Hills (the Lovrenc and Ribnica
bogs; Bat 1997; Beltram 2004; Vres et al. 2014).

Snowfields and glaciers are important but
very changeable elements of high-mountain land-
scapes. A comparison between their condition
as reported in various historical sources and the
current situation shows that the number and size
of once frequent and large mountain snowfields
are decreasing significantly (Triglav Cekada and
Ajdova 2023). The Triglav Glacier (Fig. 5.12) and
Skuta Glacier mentioned above have also been
shrinking rapidly over the past decades (Gabrovec
et al. 2014).

Groundwater, which in Slovenia’s moun-
tainous areas primarily includes karst water,
is significantly greater in volume than surface
water. Karst water feeds the sources of the Soca,
Sava, Idrijca, Vipava, Ljubljanica, Krka, and
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Fig.5.18 The largest and
best-known glacial lakes in
Slovenia are Lake Bled
(top; Western Karawanks
with their highest peak,
Mount Stol (2,236 m),
background) and Lake
Bohinj (bottom). (Photo by
Matija Zorn)

Kolpa rivers and many of their tributaries. Some
karst springs, such as Malens¢ica, Podroteja, and
Mrzlek springs, are important for the water supply
of entire regions, supplying three-quarters of all
available water reserves during droughts (Kranjc
1998).

5.6 Soil and Vegetation

In Slovenia’s mountainous areas, the impact of
pedogenesis factors, including rock composition,
climate, topography, water, plant and animal
species, and human factors, changes greatly over
short distances, which is why the soil types are
relatively diverse (Figs. 5.19 and 5.20, Tables 5.7
and 5.8). The most common types are Rendzina
and Chromic Cambisol, which formed on lime-
stone and dolomite, and together they cover over

half of mountainous areas, or even over four-
fifths of Dinaric plateaus. On steep slopes, they
are mostly overgrown with forest, and on flat,
non-rocky surfaces they are covered in meadows.
Because the soil is shallow, fields are rare (Vidic
et al. 2015; Vrscaj 2017). Dystric Cambisol
predominates on non-carbonate rocks; it covers
just under a third of mountainous areas, but over
half of Alpine hills.

Forests are the natural vegetation in all of
Slovenia’s mountainous areas except in the high
mountains above the alpine forest line and in very
wet habitats. Over the centuries, people burned
and cut down forests to obtain space for pastures
and fields, and by using forest resources they
also radically changed the forest composition.
Only a few fully natural forests remain today,
such as the highly protected forest reserves in the
Kocevje region and remote mountains, but most
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Fig.5.19 Pedogeographical soil types in Slovenia’s mountainous areas. (Adapted from Lovrencak 1998)
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Fig.5.20 Predominant pedogeographical soil types in Slovenia’s mountainous areas. (Based on Table 5.7)
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Table 5.8 Basic characteristics of the main pedogeographical soil types in Slovenia’s mountainous areas. (Adapted
from Vidic et al. 2015; Zorn et al. 2020a, b)

Groups of ID on Fig. 5.19 Pedogeographical | Basic characteristics
pedogeographical soil type
soil types
Soils of hills and | Lithosol on Lithosol/Lithic Horizons: (A)-R
mountains carbonate rock Leptosols Texture: —
(Calcaric) pH: 7-8
Parent material: limestone and dolomite
Land use: not suitable for agriculture and forestry
Comments: incipient soil development
Rendzina on Rendzina/Rendzic | Horizons: Ah—R
carbonate rock Leptosols Texture: silty loam

pH: 5.5-7.0

Parent material: limestone and dolomite
Land use: forest, alpine pasture
Comments: grassland above the forest line

Eutric Cambisol on
carbonate rock,
marl, and flysch

Eutric Cambisol

Horizons: A-Bv-C

Texture: silty clay, clay

pH: 5.5-6.5

Parent material: marly limestone

Land use: arable land, orchards, vineyards,
meadows, forest

Comments: limitation in soil workability can be
expected due to high clay content

Horizons: A-Bv—C, A-BCa-C

Texture: silty clay loam, silty clay

pH: 5.5-8

Parent material: Eocene flysch

Land use: vineyards, orchards, arable land,
meadows, forest

Comments: land use adapted to Mediterranean and
sub-Mediterranean conditions

Dystric Cambisol
on silicate rocks
and flysch

Dystric Cambisol

Horizons: A-Bv-C

Texture: sandy loam

pH: 4-5

Parent material: igneous rocks

Land use: forest, grassland, arable land
Comments: arable land limited due to slope
conditions, liming required

Horizons: A-Bv-C

Texture: silty clay loam, silty clay

pH: 4.5-5.5

Parent material: non-calcareous and low calcareous
flysch and decalcificated marlstone

Land use: grassland, arable land, forest
Comments: limitation in soil workability can be
expected due to texture, liming required

Soils of karst
plains and
plateaus

Chromic Cambisol
and Rendzina

Chromic Cambisol
and Rendzina/
Chromic Cambisol
and Rendzic
Leptosols

Horizons: Ah-C, A-Brz—C

Texture: silty loam, silty clay loam, silty clay

pH: 5.5-7

Parent material: limestone and dolomite

Land use: forest, meadows

Comments: possible surface rockiness, possible soil
water deficiency

(continued)
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Table 5.8 (continued)

Groups of ID on Fig. 5.19 Pedogeographical | Basic characteristics
pedogeographical soil type
soil types

Acrisol Acrisol Horizons: A—-E-Bt-C

Texture: silt, silty clay loam

pH: 3.54.2

Parent material: limestone

Land use: forest, grassland, arable land
Comments: abundant liming is required as well as
selection of acid-tolerant plants

Chromic Cambisol,
Chromic Luvisol
(Terra Rossa)

(Terra Rossa)

Chromic Cambisol

Horizons: A-Brz—C, A-E-Bt-C

Texture: silty loam, clay loam

pH: 4.5-6

Parent material: limestone

Land use: vineyards, grassland, forest
Comments: limitations in vineyard land use due to
the variable solum thickness

Horizons: A-Brz—-C

Texture: clay loam, silty clay loam

pH: 5-6

Parent material: limestone with chert

Land use: vineyards, grassland, forest
Comments: limitations in vineyard land use due to
the variable solum thickness and the amount of
skeleton

Luvisol

Horizons: A-E-Bt-C

Texture: silty loam, silty clay loam

pH: 4-5.5

Parent material: limestone and dolomite
Land use: grassland, forest, arable land
Comments: abundant liming is required, tillage
limitations due to variable solum thickness

other forests are also well preserved (Natek and
Natek 2008).

In 2020, forests covered three-quarters of
Slovenia’s mountainous areas (Grafi¢ni ... 2020).
They account for 83.3% of Dinaric plateaus and
74.5% of Alpine mountains, and the smallest share
(68.1%) can be found in the somewhat more
populated Alpine hills.

The predominant tree species in Slovenian
forests is beech. At elevations between 500 and
600 m, it forms a wide variety of forest commu-
nities. Submontane beech forests combined with
European hornbeam, sessile oak, and linden
predominate on carbonate rocks up to eleva-
tions of 700 m and, above them, montane
beech forests mixed with sycamore, elm, and
maple extend up to elevations of 900 m. Moun-

tain beech forests, which may already include
spruce and fir in addition to deciduous trees,
extend to 1,400 to 1,500 m in elevation, and the
highest elevations above 1,500 m are covered
in subalpine beech forests. On non-carbonate
rock, thermophilic beech forests mixed with Euro-
pean hop-hornbeam, manna ash, and whitebeam
predominate on sunny slopes, whereas elsewhere
acidophilic beech forests combined with sessile
oak and sweet chestnut and, in shady locations,
spruce are the most common (Marin¢ek and Carni
2002; Figs. 5.21 and 5.22, Table 5.9).

Communities of Dinaric fir and beech forests,
which contain large volumes of timber-growing
stock and are among Slovenia’s most important
commercial forests, stand out among the mixed
forests (Kordi$ 1993).
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Fig.5.21 Forest communities in Slovenia’s mountainous areas. (Adapted from Carni et al. 2002; Silc et al. 2020)

Most Slovenian spruce forests are secondary
forests growing at the site of former acidophilic
beech forests. After beech forests were cleared,
pastures were first arranged at their site in the
Alpine hills and at lower elevations in the Alpine
mountains. These were later largely reforested
with spruce. The only natural spruce forests are
the acidophilic spruce forests at higher Alpine
elevations (between 1,400 and 1,600 m) and in the
cold air pools of high Dinaric plateaus. In Alpine
Slovenia, spruce forests extend up to the alpine
forest line and, as elevation increases, they also
include more larch (Kaligari¢ 2004).

Low temperatures, short vegetation periods,
strong and persistent winds, and long-lasting snow
cover prevent tree growth in the highest parts of the
Alpine mountains and Dinaric plateaus. Because
of these factors and anthropogenic changes, the
alpine forest line in Slovenia varies between 1,550
and 1,900 m. A belt of mountain pine grows above
this line, followed by highly diverse communities
of high-mountain vegetation at even higher eleva-

tions, which becomes increasingly sparse and
discontinuous with elevation (Lovrencak 2003).

5.7 Settlement and Land Use

Archeological research shows that humans have
been present in the Slovenian mountains for
a very long time. Tens of thousands of years
ago, during the Paleolithic, hunters and gath-
erers found shelter in caves in the mountains,
such as Potocka zijalka (1,675 m) on Mount
OlSeva, Medvedova jama (1,525 m) on Mount
Mokrica (both in the Kamnik—Savinja Alps), or
Divje babe (448 m) in the Idrija Hills. The
finds of weapons from the Bronze Age are the
first accumulated evidence of people visiting the
Slovenian high mountains (Cevc 2006). More-
over, the finds indicate that routes over moun-
tain passes were used since ancient times; for
example, the passes in the Karawanks or those
in the Julian Alps connecting the So¢a and Bohinj
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Fig.5.22 Predominant forest communities in Slovenia’s mountainous areas. (Based on Table 5.9)

Table 5.9 Predominant forest communities in Slovenia’s mountainous areas (in %). (Based on Fig. 5.21)

Forest community Mountainous areas

Alpine mountains

Alpine hills | Dinaric plateaus | Slovenia

Fagetalia sylvaticae 48.10 50.73
(beech forests on

nutrient-rich soil)

25.98 73.05 30.63

Luzulo-Fagetalia 22.83 9.89
(acidophilic beech

forests)

46.87 3.82 21.29

Piceetalia excelsae 8.10 15.03
(mountain spruce and

fir forests)

9.70 0.59 491

Quercetalia 1.92 1.25
pubescenti-petraeae
(thermophilic

deciduous forests)

0.24 451 5.25

Querco-Carpinetalia 1.97 0.33
(oak and hornbeam

forests)

0.35 5.27 4.15

Those covering more than 10% are in bold

valleys (Horvat 2013). These routes became espe-
cially important with the expansion of trade in
the Middle Ages; for example, the routes over
the Ljubelj (Loibl) Pass (1,370 m), Jezerski Vrh
(Seeberg) Saddle (1,218 m), and Koren (Wurzen)
Pass (1,073 m) in the Karawanks (today all on
the border between Slovenia and Austria), or over
the Predel (Predil) Pass (1,156 m) in the Julian
Alps (today on the border between Slovenia and
Italy; Kosi 1998; MikSa and Zorn 2016). The

development of road network also had an impor-
tant impact on settlement pattern (Senegacnik
2012).

Archeological finds also show that during
Roman times the Slovenian high mountains
were already used for grazing. The number of
herdsmen’s huts increased during the decline of
the Roman Empire, when people withdrew from
the exposed areas in the valleys to the moun-
tains. The presence of Alpine dairy farming proper
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was already reported from the High Middle Ages
onward (Horvat 2013).

The first-stage colonization of higher eleva-
tions between the thirteenth and fifteenth
centuries, resulting from the agrarian overpopula-
tion of flatland areas, and the second-stage colo-
nization that took place in the sixteenth century
were key to the settlement of Slovenia’s moun-
tainous areas. The former affected hilly and
wooded areas, where the number of settlements
was even larger than today in some places, and
the latter affected partly the extensive wooded
areas and partly the surroundings of old settle-
ments, completing the scale of today’s settle-
ment. In the late Middle Ages, colonization was
intense up to elevations of 1,000 m and, in the
eastern part of the mountainous areas, even up to
1,300 m. In the Alpine mountains, people usually
settled the valleys, whereas in the Alpine hills they
also settled the ridges and slopes. Forestry and
animal husbandry were the main economic activi-
ties. Most alpine pastures were also created during
that period; there were over six hundred of them,
according to various sources (Grafenauer 1991;
Kosi 1997; Kladnik 1998a; Senegacnik 2012).
The numerous iron ore deposits in the eastern
Julian Alps and certain parts of the Karawanks
led to the expansion of ironworking as early as the
sixteenth century. The industry died away by the
end of the nineteenth century. Today, the moun-
tainous areas play an important role in tourism
(Fig. 5.23) and recreation. Animal husbandry
is still a significant economic activity in these
areas, along with forestry-related activities, espe-
cially on the Dinaric plateaus (Kladnik 1998b;
Senegacnik 2012).

The upper limit of settlement in Slovenia’s
mountainous areas varies (Fig. 5.24). The eleva-
tion of permanently settled areas is the highest
in the Alpine mountains, extending above 1,300
m in the Eastern Karawanks between Mounts
Raduha, OlSeva, and Peca. The highest farm in
Slovenia, the Bukovnik (Bukovc) Farm, stands
below Mount Raduha (2,062 m), at an eleva-
tion of 1,327 m. The Kamnik—Savinja Alps are
settled above an elevation of 1,000 m, whereas
the Western Karawanks and the eastern Julian

Alps are settled up to an elevation of 1,000 m
(Fig. 5.25). Settlements above the Selska Sora
Valley on the southern edges of the Julian Alps,
on the border with the §k0fja Loka Hills, can be
found above 1,000 m (Fig. 5.25). Zgornje Danje is
among the highest settlements in Slovenia (1,120
m). In the Alpine hills, the area of the Pohorje,
Strojna, and Kozjak is settled up to a maximum
elevation of approximately 1,200 m on Mount
Kosenjak (1,522 m) in the northwest, and below
900 m in the eastern Pohorje Hills. In the Velenje
and Konjice Hills, settlements reach a maximum
elevation of approximately 1,000 m, and in the
Sava Hills they extend up to approximately 800
m. In the gkofja Loka and Cerkno Hills, farms can
be found at elevations between 900 and 1,000 m,
or even higher in the Davca area (1,100 m). On the
Dinaric plateaus, such as the BanjSice and Trnovo
Forest plateaus, the highest settlements are located
at 900 m and 1,000 m, and in the Idrija Hills they
can even be found above 1,000 m (e.g., Vojsko,
which stands at 1,077 m). The highest settlements
on the Dinaric plateaus of southern Slovenia are at
elevations between 800 and 900 m (Gams 1960).

In terms of population, the Alpine hills stand
out among Slovenia’s mountainous areas, with a
population density of seventy-six people per km?
(Table 5.10), which is below Slovenia’s average
(approximately hundred people per km?), but
significantly higher than the population density on
the sparsely populated Dinaric plateaus (seven-
teen people per km?) and in the Alpine moun-
tains (thirty people per km?). Dinaric plateaus
also lag far behind in terms of settlement size,
with settlements having an average of eighty resi-
dents, in contrast to settlements in the Alpine hills,
which have an average population of over two
hundred, and those in the Alpine mountains with
an average population of just under three hundred.
The higher population density of Alpine hills may
relate to their central locations and the conse-
quent development of main roads and industrial-
ization (Senegacnik 2012). Over the past century,
there has been a significant decline in popula-
tion especially on the Dinaric plateaus, whereas
in the Alpine hills the population has increased
(Table 5.10).
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Fig.5.23 Slovenia’s mountainous areas have an impor-  imately 1,500 m) in the Pohorje Hills in summer. (Photo
tant tourism function, but some places are already over- by Matija Zorn)
burdened by tourism, such as the Rogla ski resort (approx-
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Fig.5.24 Upper limit of settlement. (Adapted from Gams 1960)
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Fig.5.25 The maximum elevation of Gorjuse (top) on the
Pokljuka Plateau in the Julian Alps is 1,080 m, and that of
Ravne (bottom) in the Selska Sora Valley on the southern

In terms of land use, forests predominate
heavily in Slovenia’s mountainous areas. They
cover over four-fifths of Dinaric plateaus and,
on some of them, even over 90% of land. They
cover three-quarters of Alpine mountains, and
they account for the smallest share in the Alpine
hills (they cover just over two-thirds of land),
although that is still above Slovenia’s average
(just over three-fifths of the country). The pres-
ence of fields is greatly below Slovenia’s average
(i.e., just under a tenth of land), accounting for

edges of the Juian Alps, on the border with the Skofja Loka
Hills, is 1,060 m. (Photo by Matija Zorn)

only 0.5% in Alpine mountains, 1.3% on Dinaric
plateaus, and 3.1% in Alpine hills. The share of
built-up areas in Slovenia’s mountainous areas
is also significantly below average, especially in
Alpine mountains and on Dinaric plateaus. These
two regions also have a below-average share of
orchards, in contrast to Alpine hills, which have
an above-average share. There are almost no vine-
yards in Slovenia’s mountainous areas (Table 5.11
and Fig. 5.26).
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Table 5.11 Land use in mountainous areas (%) (Perko and Cigli¢ 2020b)

ID on Fig. 5.1 | Landscape type/ Fields | Vineyards |Orchards | Meadows and | Forests | Built-up areas
region pastures
Alpine mountains | 0.53 0.00 0.49 12.68 74.38 1.64
1.1 Julian Alps 0.29 0.00 0.30 11.38 70.49 1.46
1.2 Kamnik—Savinja 0.84 0.00 0.77 14.83 76.58 1.65
Alps
1.3 Western Karawanks | 0.18 0.00 0.21 11.60 80.71 2.15
1.4 Eastern Karawanks | 1.23 0.00 0.95 14.16 80.93 1.98
Alpine hills 3.11 0.17 2.18 21.74 68.12 4.03
2.1 Cerkno, Skofja 1.53 0.00 1.13 21.85 72.28 2.92
Loka, Polhov
Gradec, and Rovte
hills
2.2 Sava Hills 342 0.19 2.33 23.11 66.24 4.15
2.3 Pohorje, Strojna, 2.96 0.20 2.12 18.51 71.37 393
and Kozjak Hills
24 Velenje and Konjice | 2.80 0.19 2.95 21.22 65.90 5.69
Hills
2.5 LoZnica and 8.04 0.48 4.76 28.16 51.28 6.46
Hudinja Hills
Dinaric plateaus 1.26 0.24 0.61 12.87 83.21 1.47
3.1 Kambresko and 0.80 0.01 1.15 15.98 78.86 2.38
Banjsice Plateaus
32 Idrija Hills 0.46 0.00 0.76 15.88 80.30 1.94
33 Trnovo Forest, 0.51 0.02 0.25 11.30 86.25 1.03
Nanos, and HruSica
Plateaus
34 Javorniki and 0.12 0.00 0.02 9.08 90.16 0.17
Sneznik Plateaus
35 Krim Hills and 0.95 0.00 0.60 1243 83.26 2.57
Menisija Plateau
3.6 Bloke Plateau 1.37 0.00 0.68 27.26 68.79 1.73
3.7 Big Mountain, 0.35 0.00 0.37 9.70 88.31 1.01
Stojna, and
Gotenica Plateaus
3.8 Dry Carniola 4.03 0.22 0.88 20.05 72.23 2.37
Plateau and
Dobrepolje
39 Little Mountain, 0.29 0.03 0.32 6.50 92.23 0.54
Kocevski Rog, and
Poljane Plateaus
3.10 Radulja Hills 7.19 2.27 2.74 22.72 61.03 3.98
3.11 Gorjanci Hills 3.56 2.56 1.53 14.45 75.32 2.49
Slovenia 1971|094 176 18.47 (6190|501

Those covering more than 10% are in bold
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Fig.5.26 Land use in 90
Slovenia’s mountainous
areas. (Based on

Table 5.11)

m fields ®vineyards
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Mountainous
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