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Abstract

Almost all types of natural hazards that are typical for
Europe also occur in Slovenia, with the exception of some
major events such as volcanic eruptions or ocean-related
natural hazards such as large tsunamis. The greatest eco-
nomic damage is caused by natural hazards affecting agri-
culture, such as drought, hail, rainstorms, and frosts.
Great damage is caused by floods in settlements and by
landslides and avalanches in mountain areas. Periodically
earthquakes occur, and heat waves are increasingly fre-
quent. Large differences exist among Slovenian regions
with respect to the types and intensity of natural hazards.
In the Alpine mountains in the west and north of the coun-
try, there are frequent rockfalls, landslides, debris flows,
and avalanches. Landslides and torrential floods are char-
acteristic for the Alpine hills in central Slovenia. The
Dinaric regions in the south of the country are character-
ized by flooding of poljes. Fires characterize the
Mediterranean landscapes in southwestern Slovenia. The
Pannonian lowlands in the southeast are subject to flood-
ing, whereas the drier and agriculturally more intensive
Pannonian region in the northeast of the country is most
often affected by drought. Seismic hazard is high in the
western as well as central and southeastern parts of the
country.
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17.1 Introduction

Slovenia is susceptible to various types of natural hazards
(Fig. 17.1; Perko 1992; Komac and Zorn 2007) due to its
diverse lithological composition, varied relief (Hrvatin and
Perko 2009), different climate types, and high landscape
diversity (Cigli¢ and Perko 2013; Perko et al. 2017). Most
common are drought, hail, floods, rainstorms, and landslides,
and there are also numerous forest fires, frosts, avalanches,
and, in the last two decades, heat waves. Glaze and earth-
quakes are rarer occurrences (Fig. 17.2).

Natural disasters in Slovenia result in few casualties but
considerable damage. Since the second half of the nineteenth
century up until the Second World War, natural disasters
caused on average 4.7 deaths per year; in the second half of
the twentieth century, this number fell to 2.4 deaths per year.
Avalanches are responsible for the greatest number of vic-
tims, followed by lightning, floods, and rainstorms.
Avalanches took over a thousand lives during the First World
War alone, and several hundred more in the remaining
period. Between the second half of the eighteenth century
and the end of the twentieth century, avalanches accounted
for more than half of all victims of natural disasters, on aver-
age one to two per year (Orozen Adami¢ 1998a; Pavsek
2002; Malesic 2005).

Between 1991 and 2008, the greatest direct economic
damage was caused by drought (27%), followed by hail
(18%), floods (16%), rainstorms (14%), and landslides and
avalanches (9%). In the same period, the direct damage
caused by natural disasters amounted to an average of 0.48%
of annual GDP or an average of €45 per capita annually. The
greatest amount of direct and indirect damage was caused by
the two earthquakes of 1976 (about one tenth of annual GDP)
and the floods in 1990 (about one fifth of annual GDP;
Table 17.1; Zorn and Komac 2011). In 2017, major natural
disasters caused €168.8 million in damage (around 0.12% of
annual GDP), of which the most was caused by drought
(€65.3 million), floods (€56.3 million) and frost (€46.8
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Fig. 17.2 Economic damage due to natural disasters between 1991 and 2008. (Zorn and Komac 2011; Zorn and Hrvatin 2015)

Table 17.1 Natural disasters in Slovenia causing the most direct dam-
age between 1990 and 2014

Natural disaster (year of occurrence) Direct damage, € million
Flood (1990) 552
Glaze and flood (2014) 430
Flood (2012) 311
Flood (2010) 207
Flood (2007) 187
Flood (1998) 173
Drought (1993) 141
Drought (2003) 128
Drought (1992) 122
Hail (2008) 91
Drought (2000) 79
Drought (2017) 65
Flood (2017) 65
Drought (2006) 50
Frost (2017) 47
Hail (2005) 44
Drought (2001) 42
Flood (1994) 30
Hail (2004) 29

million). That same year, the national government invested
about €30 million and municipalities an additional €40 mil-
lion in preventive measures (But 2018).

There are large differences among Slovenian regions with
respect to the type and intensity of natural hazards. The
intensity of geomorphological hazards declines from the
Alpine west and north toward the Pannonian east and the
Mediterranean and Dinaric south. Rockfalls (Zorn 2002),

landslides, debris flows (Zorn and Komac 2002), and ava-
lanches (Pavsek 2002) are common in the Alpine ranges in
the west and north of the country. Landslides (Zorn and
Komac 2008) and torrential floods (Komac et al. 2008) are
typical of the Alpine hills of central Slovenia. Lowland
floods predominate in the Pannonian plains in the east.
Intermittent karst floods characterize the Dinaric landscapes
in the south of the country (Komac et al. 2008). Drought
most frequently affects the drier and agriculturally more
intensive Pannonian regions in the northeast, and fires are a
problem in the karst and Mediterranean areas in the south-
west of the country. The seismic hazard is high in the west
and in central and southeastern Slovenia (Perko 1992).

17.2 Geological and Geomorphological
Natural Hazards

Predominant geological and geomorphological disasters in
Slovenia are landslides, rockfalls, and debris flows (Komac
and Zorn 2007). Between 1991 and 2008, landslides annu-
ally caused more than €100 million in damage (Zorn and
Komac 2011). A maximum daily rainfall exceeding 130 mm
can be critical for landslide occurrence, especially in looser
soils and less resistant rocks (Komac 2005; Rosi et al. 2016).
In areas of high and low hills, more than 7000 landslides
have been recorded in the national database of landslides,
which occur over an area of roughly 1200 km?* (Fig. 17.3;
Komac and Hribernik 2015); one-fourth of them pose a
threat to infrastructure and buildings. They are characteristic
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Fig.17.4 1InJuly 1989, when 150 to 200 mm of rain fell a 24-h period,
more than 5000 slumps, or 47/km?, were triggered in the predominantly
marlstone area of Haloze low hills in northeastern Slovenia. (Zorn and
Komac 2008) (Photo by Milan Orozen Adami¢, GIAM ZRC SAZU
Archive)

mainly of Alpine hills (e.g., the Skofja Loka, Idrija, Cerkno,
Polhov Gradec, and Sava hills) and Alpine mountain ranges,
especially the Karawanks, where shale clays and quartz
sandstone predominate. Landslides also reshape the relief in
the flysch Mediterranean hills of southwestern Slovenia and
the marlstone Pannonian low hills of northeastern Slovenia,
composed of tertiary rocks, where slumps are common dur-
ing heavy rainfall (Fig. 17.4). The Dinaric regions of south-
ern Slovenia are less susceptible to landslides due to the
presence of limestone and dolomite (Zorn and Komac 2008).

Among major landslides are the Pleistocene landslide
near Selo in the Vipava Valley in southwestern Slovenia, with
a volume of about 150 million m?, and a landslide in the
region of Ilirska Bistrica (also in southwestern Slovenia),
both of which occurred at the thrust contact of carbonate
rocks above flysch, and the landslide near Vransko in the
Celje Basin in central Slovenia (Zorn 2002; Placer and
Jamsek 2011).

Among major landslides in contemporary times, caused
for the most part by the contact of an upper layer of carbon-
ate rocks on impermeable ones and triggered by heavy pre-
cipitation, are several landslides in the Vipava Valley: the
Slano blato Slide in 2000 (700,000 m?), the Rebernice Slide
(400,000 m?) triggered by construction of the freeway in
2001, and the Stogovce Slide (80,000 m?) in 2010, which
carried off a kilometer of state road (Fifer Bizjak and
Zupan¢ic¢ 2009), and the 1990 Macesnik Slide (2,000,000 m?)
in the Upper Savinja Valley (northern Slovenia) with a bridge
being built over it. The most destructive of all was the land-
slide triggered above Log pod Mangartom in the Upper Soca
Valley (northwestern Slovenia) in 2000 (1,500,000 m?),
which turned into a debris flow (Fig. 17.7; Zorn and Komac
2002). There was a significant landslide in the Upper Soca
Valley above the village of Kose¢ near Kobarid in 2001
(180,000 m?), which also led to some small debris flows
(Mikos et al. 2006a).

Instances of landslides in degraded areas are also well
known. In 1987 a slide of mine tailings was triggered in
Zagorje in central Slovenia (Komac and Zorn 2007).

Rockfalls are common in the mountains of the Alpine and
Dinaric regions of western Slovenia (Vidrih et al. 2001;
Mikos et al. 2006b; Komac 2015). The greatest number is in
the limestone high-mountain areas of the Julian Alps, the
Karawanks, and the Kamnik—Savinja Alps. They are also
characteristic of the up to 80-meter-high flysch cliffs along
the Adriatic coast (Fig. 17.5; Segina et al. 2012).

The biggest known example, the Kuntri rockfall, was trig-
gered in the Pleistocene on the southern slope of Mount
Polovnik in the Julian Alps and blocked the flow of the Soc¢a
River with 200 million m? of material for an extended period
of time. Other prehistoric rockfalls in the Upper Soca Valley
occurred between Kal-Koritnica and the Soca village, near
Kobarid and at the confluence of the So¢a and Tolminka riv-
ers. In the Upper Sava Valley, rockfalls occurred below
Mount Planinski Vrh in the Jesenice area, where there are
also a number of erosional hotspots in the dolomite rocks of
the Karawanks (Sodnik and Miko§ 2006). Among historical
rockfalls, noteworthy is the 100 million m® earthquake-
induced rockfall on Mount Veliki Vrh in the Karawanks from
1348. Major recent rockfalls are to be found in the Soc¢a
Valley on Mount Javor§¢ek and Mount Mangart and in Trenta
Valley, and particularly notable are the approximately 100
earthquake-induced rockfalls in the Upper Soca Valley in
1998 (Fig. 17.6; Zorn 2002). Some rockfalls can reach the
valley floor and block watercourses, as happened in the
Idrijca Valley during the 1511 earthquake, when a rockfall
dam caused floods in the town of Idrija (Ceci¢ 2011), in Luce
in the Savinja Valley in 1990, and in the headwaters of the
Tolminka River above Tolmin in 2004 (Komac and Zorn
2009). Coseismic slope processes are especially characteris-
tic of northwestern Slovenia (Komac 2015). Rarely, rockfalls
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Fig.17.5 The Slovenian coast and swimmers are threatened by frequent slope failures from flysch coastal cliffs; here at cape Debeli rti¢ in 2013.
(Photo by Matija Zorn, GIAM ZRC SAZU Archive)

Fig. 17.6 The earthquake in the Upper Soca Valley on April 4, 1998 (M: 6), triggered a major rockfall (about 1 million m?) from Mount Krn
(2244 m; photo by Matija Zorn, GIAM ZRC SAZU Archive)

threaten buildings and infrastructure; below the rockfall at Debris flows were common in western Slovenia at the end
Trenta in the Soca Valley, a gallery was built to protect the of the Pleistocene, in recorded history there is evidence of
road. their occurrence in the settlements of Log pod Mangartom
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Fig. 17.7 The figure shows an orthophoto (Source: Surveying and
Mapping Authority of the Republic of Slovenia 2005) of a debris flow
triggered west of Mount Mangart (2679 m) in the Upper Soca region in
November 2000 due to heavy rainfall. In November 2000, 1234 mm of
precipitation fell in the area, which is roughly half of the average annual
precipitation. A debris flow was created from the landslide mass (top:
1,500,000 m?) that had been triggered at an elevation between 1340 and
1580 m, and the debris flow reached the village of Log pod Mangartom
(bottom) at an elevation of 650 m, where it claimed 7 lives, demolished
or damaged 18 houses and 8 other buildings, and deposited 700,000 m*
of material over an area of 15 hectares. It caused €14 million in damage,

and Koroska Bela, and from recent decades three significant
cases are known: major events in Log pod Mangartom
(Fig. 17.7) and the Planica Valley in November 2000 and a
series of small debris flows in Kosec, near Kobarid in the
Soca Valley, in 2001. The settlement of Koroska Bela in the
Upper Sava Valley is threatened by several landslides in the
Karawanks that could turn into debris flows (Jez et al. 2008;
Peternel et al. 2017).

Slovenia experiences a mild earthquake nearly every day,
and the country is frequently affected by stronger ones because
it is located at the seismically active southern edge of the
Eurasian Plate and at the northwestern edge of the

and the survivors had to be relocated for 3 months. Over the next
decade, the village was rebuilt, and with the help of government fund-
ing, 15 homes, a debris flow breaker, and 2 bridges were constructed
(Zorn and Komac 2002). In the same period, a 50,000 to 80,000 m?
landslide was triggered from the western slope of Mount Ciprnik
(1745 m) in the Planica Valley, which partially turned into a debris flow.
It decimated forest and part of the road near the world-famous ski-
jumping area in Planica (Mikos et al. 2007). Several smaller debris
flows, up to 1000 m* in volume, were also created by the landslide
above Kose¢. Because they threatened the settlement, a larger bridge
was erected in the middle of it (Mikos et al. 2006a)

Mediterranean—Himalayan seismic belt. Most earthquakes
occur at a depth of 5-15 km. The earthquake hazard is highest
in western, central, and southeastern Slovenia, where the pro-
jected peak ground acceleration can reach 0.25 g (Lapajne et al.
2001). Based on known data, there have been about 60 destruc-
tive earthquakes in Slovenian territory up until the present.

An earthquake with an epicenter in Friuli (Italy) in 1348
and a magnitude of 6.5 achieved the strongest effects, with
an intensity of X on the EMS-98, in the area of Villach,
Austria, not far from the Slovenian border. It damaged many
castles, fortresses, and settlements in what is today northern
and northwestern Slovenia (Vidrih 2008).
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Fig. 17.8 The damaged city center of Ljubljana after the 1895 earthquake. (GIAM ZRC SAZU Archive)

The Idrija earthquake of 1511 with an epicenter in Friuli
(Italy) and a magnitude of 6.8 achieved an intensity of
X. Due to numerous descriptions of injuries from Idrija with
its world-known mercury mine, its epicenter was at first
placed in the area of Idrija, and so it was called the Idrija
earthquake (Ribari¢ 1979; Camassi et al. 2011).

The Ljubljana earthquake of 1895 with a magnitude of
6.1 and intensity of VIII to IX claimed ten lives. A tenth of
the city’s buildings had to be razed due to damage (Fig. 17.8).
One positive effect of the earthquake was the urban renewal
of Ljubljana and the establishment of a seismological service
in the Austro-Hungarian Monarchy, as part of which the first
earthquake observatory in Austria-Hungary was set up in
Ljubljana in 1897 (Vidrih 2008).

There followed earthquakes in Brezice (1917; M: 5.7),
Ilirska Bistrica (1956; M: 5.1), and Litija (1963, M: 4.9). An
earthquake in the Kozje region (in eastern Slovenia) in 1974
with a magnitude of 5.1 and intensity of VII to VIII damaged
5300 buildings and affected 15 thousand people (Vidrih
2008).

The two 1976 Friuli earthquakes, the first with a magni-
tude of 6.5 and intensity of IX to X and the second with a
magnitude of 6.1 and intensity of VIII to IX, with their epi-
center in the Venzone area in Italy, claimed 990 lives in Italy
and 157,000 people lost their homes. In Slovenia the toll was
1 dead and 31 injured. A total of 10,552 buildings were dam-
aged (Ceci¢ 2016) and 13,000 people lost their homes
(Orozen Adamic¢ and Hrvatin 2001). The same area of north-

western Slovenia was hit again by an earthquake in 1998
with a magnitude of 5.7 and intensity of VII to VIII (Fig. 17.6)
and one in 2004 with a magnitude of 4.9 and intensity of VI
to VII (Kastelic et al. 2008; Vidrih 2008). These last two
earthquakes caused 18% (in 1998) and 13% (in 2004) of the
total damage caused by natural disasters in Slovenia as a
whole (Zorn and Komac 2011).

The Slovenian construction profession applied the experi-
ence gained from earthquakes in Skopje, Macedonia, in
1963; Banja Luka, Bosnia and Herzegovina, in 1969; the
Kozje region in 1974; Friuli in 1976; and the Upper Soca
Valley in 1998 and 2004 to the post-earthquake reconstruc-
tion of stone buildings (Benedetti and Tomazevic 1984;
Tomazevi¢ and Lutman 2007).

17.3 Hydrological Natural Hazards

The flooding of major rivers in Slovenia threatens an area of
about 500 km?, which is roughly 2.5% of the country’s terri-
tory. Torrential flooding and lowland flooding occur as well
as flooding of poljes, and Slovenia also experiences coastal,
urban, and artificial floods (Natek 2005).

About 7.3% of the population of Slovenia lives in flood-
prone areas, with the greatest proportions living in the
Savinja River drainage basin (12.9% of the population of
that area), in Carinthia (11.6%), in the Central Sava Valley
(10.3%), and in central Slovenia (9.3%; Komac et al. 2008).
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Fig. 17.9 Direct damage due to floods from 1990 to 2015 as a proportion of GDP (%). (Ocena ... 2015)

On average, about €14 million in damage per year was
caused by floods from 1991 to 2008 or 16% of the total dam-
age caused by natural disasters in this period (Zorn and
Komac 2011). The greatest damage was caused in the drain-
age basin of the Savinja in 1990 (more than €500 million in
direct damage), and in the last decade direct economic
damage exceeded €200 million on three occasions (2010,
2012, and 2014; Table 17.1, Fig. 17.9).

Overbank floods occur during high river discharges result-
ing from heavy precipitation in autumn or melting of snow in
spring (Hrvatin 1998). At present they only rarely extend
over large areas of flood plains because they were artificially
reduced by extensive regulation and melioration of the
majority of rivers in the twentieth century (Komac et al.
2008). In the past, flood plains were uninhabited rich ecosys-
tems of wetlands, but they later became farming and urban-
ized areas (Fig. 17.10) that need suitable flood protection
measures (Natek 1992). In order to mitigate overbank floods,
levees were often artificially raised.

Overbank floods affect a large part of the country and
typically occur in plains in the lower reaches of major rivers
such as the Ljubljanica, Savinja, Krka, Drava, Mura, and
Sava, as well as along smaller rivers such as the Gradascica,
Psata, and KamniSka Bistrica near Ljubljana, the Pesnica
and Ledava in eastern Slovenia, and the Vipava in the south-
west (Komac et al. 2008).

The largest flood-prone areas are the Ljubljana Marsh
(80 km?), along the Dravinja (66.5 km?) and the Krka
(62 km?) and along the lower reaches of the Savinja, Sava,
Sotla, and Kolpa rivers and in the Cerknica Polje. Since the

beginning of the twentieth century, there have been major
lowland floods in 1901 (all of Slovenia), 1910 (Drava River),
1923 (Soca, Sava, and Savinja rivers), 1925 (Mura River),
1926 (Ljubljanica and Savinja rivers), 1933 (Sava and
Savinja rivers), 1954 (Savinja River), 1972 (Mura River),
1990 (Savinja River), 1998 (Sava River), 2000 (Savinja River;
Polajnar 2002), 2004 (Bac Rivera), 2005 (Sava River), 2007
(Sora River), 2010 (Ljubljanica River), 2012 (Drava River),
and 2014 (Ljubljanica and Mura rivers).

Torrential floods are characteristic of mountainous and
hilly areas (Fig. 17.11) and upland areas with a preponder-
ance of narrow valleys. Of 27,000 km of watercourses in
Slovenia, a third are torrential ones that appear occasionally.
They are important because they threaten 237,000 hectares
of land, or about 12% of the country’s territory. Along the
Dragonja and Drnica rivers in the Mediterranean hills in the
southwest, the valley floors are sparsely settled and torrential
floods do not cause a considerable damage (Zorn 2008). In
the Julian Alps, torrential floods are limited to the steepest
mountain slopes (Kolbezen 1996). In the Karawanks, torren-
tial floods are typically frequent along torrential streams
such as the Belca, causing damage in the newer parts of set-
tlements and to infrastructure (Komac et al. 2008). In hilly
central Slovenia, with the Sora and Savinja rivers, traditional
settlement retreated to higher fluvial terraces and inactive
alluvial fans in order to avoid torrential floods, but today
these valley floors are densely settled (Meze 1991; Natek
1992; Trontelj 1997; Komac et al. 2008). In the northeast,
torrential floods are common in the Slovenian Hills and
Haloze Hills, and in the north they are limited to the Pohorje
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Fig.17.10 The Lower Savinja Valley between Prebold and Zalec (cen-
tral Slovenia) on a Habsburg military map from the second half of the
eighteenth century. A number of former side channels of the Savinja can

and Kozjak Hills, where the greatest torrential river is the
Mislinja (Gams 1991). In the southeast, torrential floods
occure in the Gorjanci Hills (Ticar et al. 2018).

Coastal floods are fairly common in the autumn months,
when storm waves develop due to the combined influence of
winds, low air pressure, and tidal bores, and bring flooding to
the lower-lying parts of coastal towns. Annual floods affect
about 1% of the territory of coastal municipalities and
extreme events about 4%. Extreme floods in the Municipality
of Piran affect about a sixth of the territory. Between 1963
and 2003, the sea caused limited flooding on 256 occasions,
and in 1967, 1970, 1980, 1981, 1983, 1987, and 1994, floods
were quite extensive (Robi¢ and Vrhovec 2002; Kolega
2006). Despite the seismic hazard, major tsunamis caused by
earthquakes are unlikely in the Adriatic Sea; however, in nar-
row bays there sometimes occur meteotsunamis, which are
created at times of rapidly changing air pressure, and these
cause damage.

be seen on the old map, with the present channelized riverbed of the
Savinja added. Former side channels coincide with the former flood area
and show that settlement has come too close to the river. (Zorn 2017)

Karst floods are a distinctive phenomenon on poljes in the
Dinaric karst region in southern Slovenia. They occur where
the karst aquifer groundwater level rises above the elevation
of the polje floor and percolates slowly through hundreds of
cracks and voids in the floor and rim of the poljes. A unique
trait of karst floods is the clarity of water due to the low sedi-
ment load, creating transparent intermittent lakes that last for
several weeks or even months (Komac et al. 2008; Ferk
2016). In their normal extent karst floods are not categorized
as natural disasters because they do not threat settled areas
(Fig. 17.12), but during the highest water levels, they may
reach to the edges of some settlements (StepisSnik et al.
2012). The most typical periodically flooded poljes are the
Planina (Fig. 17.12), Cerknica, Loz, Racna (Radensko),
Ribnica, and Kocevje poljes (Komac et al. 2008). Since 2000
there have been major flood events in 2000/2001, 2008/2009,
and 2014 (Frantar and Ulaga 2015).
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Fig. 17.11 Impact of a torrential flood in the Davéa Valley (Skofja Loka Hills) in 2007. (Photo by Matija Zorn, GIAM ZRC SAZU Archive)

Fig. 17.12 Normal annual flooding in poljes does not threaten settlements. A normal annual flood in the Planina Polje. (Photo by Miha Pavsek,

GIAM ZRC SAZU Archive)

Avalanches are in first place in Slovenia with respect to
the number of victims claimed by natural hazards. They
occasionally cause damage to forests, roads, and buildings.
There are about 1000 areas in Slovenia that are identified as
having a high avalanche hazard (Pavsek 2002; Volk Bahun
2016).

The worst avalanche disaster took place in 1916, during
the construction of the military road across the Vrsi¢ Pass
(Julian Alps, 1611 m) during the First World War, claiming
about 250 victims (Pavsek 2002). The first extensive study of
avalanches in Slovenia (Gams 1955) took place following
two extremely snowy winters that took the lives of a number
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of victims and caused enormous damage at the beginning of
the 1950s, and a comprehensive study of the problem was
produced half a century later (Pavsek 2002). The most recent
extensive avalanches occurred in 2006, when a number of
them also caused damage in the floors of major valleys such
as the Logar Valley (Logarska dolina) and Makek Cirque
(Makekova kocna) in the Jezersko area.

17.4 Meteorological Natural Hazards

The greatest damage from natural disasters is caused by
drought. It occurs most frequently in Pannonian,
Mediterranean, and Dinaric regions, with the first two also
being regions with intensive agricultural production (Pavli¢
2013; Susnik et al. 2014). From 1991 to 2008, it caused
direct damage totaling €600 million, or more than a third of
all damage caused by natural disasters in the country.
Extreme droughts occurred in 1961, 1968, 1971, 1978, 1980,
1983, 1992, 1993, 2000, 2001, 2003, 2006, and 2007 (Matajc
2002; Zorn and Komac 2011).

Drought is often accompanied by heat waves. Average
temperatures in Slovenia have been rising over the last half
century (Tosi¢ et al. 2016), and the number of hot days is also
increasing. Severe temperature extremes were recorded in
2003 and 2013. There were three heat waves in Slovenia in
2013, with a corresponding increase in mortality (Hojs et al.
2015), and there were also more deaths than expected during
the 2003 heat wave (Selb Semerl and Tomsi¢ 2008). The
phenomenon is especially pronounced in cities (Zalar et al.
2017) due to urban heat islands (Komac and Cigli¢ 2014;
Komac et al. 2017).

Rainstorms are particularly common in Slovenia along
the Alpine-Dinaric mountain barrier. The region of the
Ljubljana Basin and the Kamnik—Savinja Alps is among the
stormiest areas of Europe, with about 100 rainstorms per
year, a consequence of the extreme heating of the air on the
plain of the Ljubljana Basin in summer. Extreme and stormy
winds with abundant precipitation, hail, and rainstorms with
blasts of wind cause downing of trees and property damage
in the amount of €10 million annually. Between 1991 and
2008, rainstorms associated mainly with the passage of cold
fronts and storm clusters caused €173 million in damage,
with the annual damage exceeding €20 million in 1995,
2005, and 2008. Especially noteworthy are the tornado near
Vrhnika in 1986 (Trontelj and Zupanci¢ 1987), the downing
of trees due to wind on the Jelovica Plateau in 2006 (Klop¢ic¢
et al. 2010), and the gusting winds that hit the eastern part of
the Ljubljana Basin in 2008. Rainstorms are accompanied by
strong winds such as the sirocco and bora in the southwest of
the country, by lightning strikes, which are common along
the Alpine—Dinaric mountain barrier, and by hail, which is
very unevenly distributed. There are between 30 and 50 days

per year in Slovenia with hail (Susnik 2002). Hail caused
€270 million in damage between 1991 and 2008. In 2004 the
level reached €29 million, in 2005 €44 million, in 2006 €19
million, and in 2008 as much as €91 million in damage.

Frost causes damage in the agricultural southwestern and
southeastern parts of Slovenia, particularly to fruit produc-
tion and viticulture. Frosts are typical for the period between
October and May and were especially severe in 1977, 1988,
1985, 1994, 1997, and 2001. Between 1991 and 2008, they
caused a total of €50 million in damage, with the greatest
amounts in 1997 (€19 million) and 2001 (€17 million).

Glaze causes damage primarily to forests and infrastruc-
ture in the Dinaric Alps in southwestern Slovenia (Vrhovec
and Kastelec 2002). Particularly noteworthy are the years
1995, 1996, and 1997 (Zorn and Komac 2011) and above all
2014, when 51% of Slovenia’s forests were affected and,
along with accompanying floods, suffered €430 million in
damage. About 250,000 people were left without electricity;
in the town of Postojna (population 9000), the outage lasted
over a week, rail traffic between Ljubljana and Koper was
halted for an extended period, and 21 people lost their lives
in forestry accidents in the aftermath (Begus 2015).

Fires in Slovenia most threaten the karst Mediterranean
areas in the southwestern part of the country. These areas
experience frequent droughts and strong winds (the bora).
The cause for roughly half of fires is unknown, and for the
other half, human carelessness is generally at fault (JakSa
1997).

Fires are most frequent in February and March and in July
and August. People have increased the threat of fires by
planting Austrian pine (Pinus nigra) and Scots pine (Pinus
sylvestris; Jak$a 2002; Sturm 2017). A great deal of damage
was caused by fires in 2003 and 2004, and altogether fires
caused €68 million in damage (€4 million annually) between
1991 and 2008 (Zorn and Komac 2011).

17.5 Conclusion

Based on the variation coefficient of the cost of damage by
natural disaster between 1991 and 2008 (Zorn and Hrvatin
2015), it was determined that most predictable damage was
caused by windstorms, landslides, and avalanches because
they occurred every year, but such damage was never
extremely high. Somewhat less predictable was the damage
caused by fires, hail, and drought. In general, these disasters
occur every year, but their intensity can vary greatly. They
can cause tens of millions of euros of damage in individual
years. Even less predictable are floods and frost, which can
be less significant and cause little damage for several years in
a row, but strike extensive areas severely in a specific year.
Ice storms and earthquakes vary the most. Glaze and strong
earthquakes occur fairly rarely, but when they do their impact
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Fig. 17.13 Total damage caused by natural disasters by statistical
region (EU NUTS-3 regions) from 1992 to 2008. It is evident that the
statistical regions in northeast Slovenia (the Savinja (Savinjska), Drava
(Podravska), and Mura (Pomurska) statistical regions) recorded the
greatest damage. In western Slovenia, only the Gorizia (Goriska)
Statistical Region is included in the top class. Considering that drought
was the most frequent natural disaster, this kind of distribution across

is great and extended recovery is required. Moreover, the
damage varies significantly between individual Slovenian
regions (Figs. 17.13, 17.14 and 17.15).

Especially meteorological disasters as well as landslides
are often ascribed to climate change, but in Slovenia there
are other often social reasons that are more important in
reducing society’s resilience to natural hazards (Kuhlicke
et al. 2011; Komac and Lapuh 2014; Zorn and Komac 2015;
Komac 2017):

— Inadequate spatial planning; for example, urbanization of
hazardous areas (Figs. 17.16 and 17.17). Only a few

the most important agricultural statistical regions was expected.
Moderate damage was recorded in central Slovenia (the Ljubljana
Basin, Central Slovenia (Osrednjeslovenska), and Central Sava
(Zasavska) statistical regions), and the least damage was recorded in the
Dinaric and certain Alpine areas, where arable farming is only a sec-
ondary activity. (Zorn and Hrvatin 2015)

municipalities have susceptibility maps for various natu-
ral hazards.

— Lack of supervision; for example, low quality of post-
earthquake reconstruction revealed in a subsequent
earthquake.

— Insufficient insurance policies; for example, insurance
against natural hazards is not obligatory.

— A mix of politics and capital influences because, despite
laws prohibiting the practice (e.g., the 2002 Waters Act
(Zakon o vodah 2002) and the 2007 Spatial Planning Act
(Zakon o prostorskem ... 2007)), one finds hundreds of
instances of legally built new buildings in hazardous
areas.
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Fig. 17.14 Total damage caused by natural disasters per km? of statis-
tical region, 1992-2008. This map, too (perhaps even more than
Fig. 17.13), highlights the damage caused by drought in the most
important arable farming areas in Slovenia. In every statistical region of
eastern Slovenia, this damage exceeded €130,000/km?, and a large part

of western and central Slovenia recorded damage below €60,000/km?.
The least damage, barely €16,000/km?, was recorded in the predomi-
nantly wooded and sparsely populated Dinaric region. (Zorn and
Hrvatin 2015)
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Fig.17.15 Total damage caused by natural disasters per capita by sta-
tistical region, 1992-2008. Also in this case, the highest classes with
damage exceeding €1000 per capita include the statistical regions in
northeast and eastern Slovenia (the Mura (Pomurska), Drava
(Podravska), Savinja (Savinjska), Central Sava (Zasavska), and Lower
Sava (Posavska) statistical regions). Another statistical region high-

lighted on the map is the sparsely populated Gorizia (Goriska)
Statistical Region, which was affected the most by multiple earth-
quakes, and not drought. Due to the moderate damage suffered and
fairly high population density, the Central Slovenia (Osrednjeslovenska)
Statistical Region is in the lowest class, with damage of €224 per capita.
(Zorn and Hrvatin 2015)



274 B. Komac et al.

Al q .‘\.\.( ‘., ')-hw" \-U. > b
. e > , \ __pﬂ X (ﬁ :__"‘;\

A Y t; \Ir b

Legend

. New buildings in the area of a low flood hazard /" Low flood hazard [:I Border of the Ljubljana Marsh Natural Park
. New buildings in the area of a moderate flood hazard ~/, Moderate flood hazard Study area

. New buildings in the area of a high flood hazard /" High flood hazard — Road

Fig. 17.16 New construction between 2003 and 2015 in flood-prone  a moderate or low flood hazard. The value of new construction in flood-
areas of the Ljubljana Marsh. Due to its proximity to Ljubljana, good prone study area is estimated at €22 million, occupying an area of
transport connections, and natural environment, the Ljubljana Marsh is ~ nearly 20,000 m?. Unfortunately, the case of the Ljubljana Marsh is not
an attractive place of residence. New construction is rare in areas witha ~ an exception because one can find similar cases in numerous flood-
high flood hazard, but for this reason all the more common in areas with  prone areas around Slovenia. (GoluZza and Zorn 2017)
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Fig.17.17 Flooding in September 2010 affected new construction in the Ljubljana Marsh. (Photo by Miha Pavsek, GIAM ZRC SAZU Archive)

References

Begus J (2015) Analiza nezgod pri delu v gozdu med nepoklicnimi
delavci, s poudarkom na analizi nezgod pri sanaciji Zledoloma
[Analysis of forestry accidents involving non-professional workers
with an emphasis on accidents in the aftermath of ice-break dam-
age]. Ujma 29:195-205

Benedetti D, Tomazevic M (1984) Sulla verifica sismica di costruzioni
in muratura. Ingegneria sismica 1:9-16

But D (2018) Uprava Republike Slovenije za zasCito in reSevanje —
realizacija 2017 in plan 2018 [Administration of the Republic of
Slovenia for civil protection and disaster relief — Realization 2017
and plan 2018]. Uprava RS za zasc¢ito in reSevanje, Ljubljana

Camassi R, Caracciolo CH, Castelli V, Slejko D (2011) The 1511 east-
ern Alps earthquakes: a critical update and comparison of exist-
ing macroseismic datasets. J Seismol 15(2):191-213. https://doi.
org/10.1007/s10950-010-9220-9

Ceci¢ I (2011) Idrijski potres 26. marca 1511 — kaj pravzaprav vemo o
njem? [The 26 March 1511 earthquake — What do we know about
it?]. Geografski obzornik 58(1):24-29

Ceci¢ I (2016) Posledice furlanskih potresov maja in septembra 1976
v Poso¢ju [The consequences of Friuli earthquakes (May and
September 1976) in Posocje]. Ujma 30:204-208

Cigli¢ R, Perko D (2013) Europe’s landscape hotspots. Acta Geogr Slov
53(1):117-139. https://doi.org/10.3986/AGS53106

Ferk M (2016) Paleopoplave v porecju kraske Ljubljanice [Palacofloods
in Karstic Ljubljanica River catchment]. Geografija Slovenije 33.
Zalozba ZRC, Ljubljana

Fifer Bizjak K, Zupanci¢ A (2009) Site and laboratory investigation
of the Slano Blato landslide. Eng Geol 105(3):171-185. https://doi.
org/10.1016/j.enggeo.2009.01.006

Frantar P, Ulaga F (2015) Visoke vode Planinskega polja leta 2014
[High waters at the Planinsko polje in 2014]. Ujma 29:66-73

Gams I (1955) Snezni plazovi v Sloveniji v zimah 1950-1954
[Avalanches in Slovenia in the winter of 1950-1954]. Geografski
zbornik 3:121-219

Gams I (1991) Ujma 1990 v Mislinjski in Meziski dolini [Natural disas-
ter in Mislinja and Meza river basins]. Ujma 5:93-97

Goluza M, Zorn M (2017) Spremembe Skodnega potenciala na
poplavnih obmo¢jih Ljubljanskega barja med letoma 2003 in 2015
[Changes in damage potential in flood-prone areas of Ljubljana
Marsh between 2003 and 2015]. In: Zorn M, Komac B, Ciglic R,
Ticar J (eds) Trajnostni razvoj mest in naravne nesrece. Naravne
nesrece 4. Zalozba ZRC, Ljubljana

Hojs A, Kukec A, Perci¢ S, Cegnar T, Tomsi¢ S, Bitenc K, Orozen K
(2015) Stevilo umrlih v obdobju vroginskih valov. In: Kazalci okolja
v Sloveniji. Agencija Republike Slovenije za okolje, Ljubljana.
http://kazalci.arso.gov.si/?data=indicator&ind_id=685.  Accessed
19 Aug 2017

Hrvatin M (1998) Discharge regimes in Slovenia. Geografski zbornik
38:59-87

Hrvatin M, Perko D (2009) Suitability of Hammond’s method for deter-
mining landform units in Slovenia. Acta Geogr Slov 49(2):343-366.
https://doi.org/10.3986/AGS49204

JakSa J (1997) Obseg gozdnih pozarov v Sloveniji [Forest fires in
Slovenia]. Ujma 11:63-69

Jaksa J (2002) Gozdni pozari [Forest fires]. In: USeni¢nik B (ed)
Nesrece in varstvo pred njimi. Uprava RS za za$€ito in reSevanje,
Ljubljana, pp 341-345

Jez J, Mikos M, Trajanova M, Kumelj S, Budkovi¢ T, Bavec M (2008)
Vrsaj Koroska Bela — rezultat katastroficnih pobo¢nih dogodkov
[Koroska Bela alluvial fan — The result of the catastrophic slope
events; Karavanke Mountains, NW Slovenia]. Geologija 51(2):219—
227. https://doi.org/10.5474/geologija.2008.022

Kastelic V, Vrabec M, Cunningham D, Gosar A (2008) Neo-Alpine
structural evolution and present-day tectonic activity of the eastern
Southern Alps: the case of the Ravne Fault, NW Slovenia. J Struct
Geol 30(8):963-975. https://doi.org/10.1016/j.jsg.2008.03.009


https://doi.org/10.1007/s10950-010-9220-9
https://doi.org/10.1007/s10950-010-9220-9
https://doi.org/10.3986/AGS53106
https://doi.org/10.1016/j.enggeo.2009.01.006
https://doi.org/10.1016/j.enggeo.2009.01.006
http://kazalci.arso.gov.si/?data=indicator&ind_id=685
https://doi.org/10.3986/AGS49204
https://doi.org/10.5474/geologija.2008.022
https://doi.org/10.1016/j.jsg.2008.03.009

276

B. Komac et al.

Klopci¢ M, Poljanec A, Boncina A (2010) Pojasnjevanje in modeliranje
vetrolomov v gozdovih Julijskih Alp [Interpretation and modelling
of windthrows in forests of Julian Alps]. In: Zorn M, Komac B,
Pavsek M, Pagon P (eds) Od razumevanja do upravljanja. Naravne
nesrece 1. Zalozba ZRC, Ljubljana, pp 59-64

Kolbezen M (1996) Velike poplave in povodnji na Slovenskem — VI
[Large floods in Slovenia — VI]. Ujma 10:260-263

Kolega N (2006) Slovenian coast sea floods risk. Acta Geogr Slov
46(2):143-167. https://doi.org/10.3986/AGS46201

Komac M (2005) Intenzivne padavine kot sprozilni dejavnik pri pojav-
ljanju plazov v Sloveniji [Rainstorms as a landslide-triggering fac-
tor in Slovenia]. Geologija 48(2):263-279. https://doi.org/10.5474/
geologija.2005.022

Komac B (2015) Modeliranje obpotresnih poboc¢nih procesov v
Sloveniji [Co-seismic slope processes in Slovenia]. Geografski
vestnik 87(1):117-133. https://doi.org/10.3986/GV87107

Komac B (2017) Prozna mesta — trajnostni razvoj in naravne nesrece
[Resilient cities — sustainable development and natural disasters].
In: Zorn M, Komac B, Ciglic R, Ticar J (eds) Trajnostni razvoj mest
in naravne nesrece. Naravne nesrece 4. Zalozba ZRC, Ljubljana,
pp 11-21

Komac B, Cigli¢ R (2014) Urban heat island atlas: a web tool for the
determination and mitigation of urban heat island effects. Geogr Pol
87(4):587-591

Komac M, Hribernik K (2015) Slovenian national landslide database
as a basis for statistical assessment of landslide phenomena in
Slovenia. Geomorphology 249:94-102. https://doi.org/10.1016/j.
geomorph.2015.02.005

Komac B, Lapuh L (2014) Nekaj misli o konceptu proznosti v geo-
grafiji naravnih nesre¢ [Some thoughts on the concept of resilience
in geography of natural hazards]. Geografski vestnik 86(1):37—49.
https://doi.org/10.3986/GV86103

Komac B, Zorn M (2007) Pobocni procesi in ¢lovek [Slope processes
and a man]. Geografija Slovenije 15. Zalozba ZRC, Ljubljana

Komac B, Zorn M (2009) Pokrajinski u¢inki skalnega podora v Pologu
[Influence of the Polog Rockfall on natural landscape]. Geografski
vestnik 81(1):37-50

Komac B, Natek K, Zorn M (2008) Geografski vidiki poplav
[Geographical aspects of floods in Slovenia]. Geografija Slovenije
20. Zalozba ZRC, Ljubljana

Komac B, Cigli¢ R, Pavsek M, Kokalj 7 (2017) Naravne nesrece v mes-
tih — primer mestnega toplotnega otoka [Natural hazards in cities —
the case of urban heat island]. In: Zorn M, Komac B, Ciglic R, Ticar
J (eds) Trajnostni razvoj mest in naravne nesrece. Naravne nesrece
4. Zalozba ZRC, Ljubljana, pp 51-67

Kuhlicke C, Steinfiihrer A, Begg C, Bianchizza C, Briindl M, Buchecker
M, De Marchi B, Di Masso Tarditti M, Hoppner C, Komac B,
Lemkow L, Luther J, McCarthy S, Pellizzoni L, Renn O, Scolobig
A, Supramaniam M, Tapsell S, Wachinger G, Walker G, Whittle R,
Zorn M, Faulkner H (2011) Perspectives on social capacity build-
ing for natural hazards: outlining an emerging field of research and
practice in Europe. Environ Sci Pol 14(7):804-814. https://doi.
org/10.1016/j.envsci.2011.05.001

Lapajne J, Sket Motnikar B, Zupanci¢ P (2001) Nova karta potresne
nevarnosti — projektni pospesSek tal namesto intenzitete [New seis-
mic hazard map — intensity replaced by design ground acceleration].
Gradbeni vestnik 50(6):140-149

Malesi¢ F (2005) Spomin in opomin gora: kronika smrtnih nesre¢ v
slovenskih gorah [Mountains as memory and reminder: the chroni-
cle of fatal accidents in Slovenian mountains]. Didakta, Radovljica

Matajc I (2002) Susa [Drought]. In: USeni¢nik B (ed) Nesrece in
varstvo pred njimi. Uprava RS za zasCito in reSevanje, Ljubljana,
pp 297-302

Meze D (1991) Ujma 1990 v Gornji Savinjski dolini, med Lucami in
Mozirko kotlinico [Effects of flooding in the Upper Savinja Valley
between Luce and the Mozirje Basin]. Ujma 5:39-50

Mikos M, Brilly M, Fazarinc R, Ribic¢i¢ M (2006a) Strug landslide in
W Slovenia: a complex multi-process phenomenon. Eng Geol 83(1-
3):22-35. https://doi.org/10.1016/j.enggeo.2005.06.037

Mikos M, Fazarinc R, Ribi¢ic M (2006b) Sediment production and
delivery from recent large landslides and earthquake-induced rock
falls in the Upper Soca River Valley, Slovenia. Eng Geol 86(2—
3):198-210. https://doi.org/10.1016/j.enggeo.2006.02.015

Miko§ M, Fazarinc R, Majes B (2007) Delineation of risk area in Log
pod Mangartom due to debris flows from the Stoze Landslide. Acta
Geogr Slov 47(2):171-198. https://doi.org/10.3986/AGS47202

Natek K (1992) Geoekoloske znacilnosti in groznje prihodnjih katastrof
v pore¢ju Savinje [Geoecological characteristics and threats of
future catastrophes in the Savinja basin]. In: Orozen Adami¢ M (ed)
Poplave v Sloveniji. Geografski institut Antona Melika ZRC SAZU,
Ljubljana, pp 171-174

Natek K (2005) Poplavna obmocja v Sloveniji [The flood areas of
Slovenia]. Geografski obzornik 52(1):13-18

Ocena tveganja za poplave [Risk assessment for floods] (2015).
Ministrstvo za okolje in prostor, Ljubljana. http://www.mop.gov.
si/fileadmin/mop.gov.si/pageuploads/podrocja/voda/ocene_tveg-
anj_poplave_2015.pdf. Accessed 19 Aug 2017

Orozen Adami¢ M (1998a) Zrtve naravnih nesre¢ v Sloveniji [Victims
of natural disasters in Slovenia]. In: Granda S, gatej B (ur)
Mnozi¢ne smrti na Slovenskem: zbornik referatov. Zveza zgodovin-
skih drustev Slovenije, Ljubljana, pp 123-132

Orozen Adami¢ M (1998b) Naravne nesreCe [Natural disasters]. In:
Fridl J, Kladnik D, Orozen Adami¢ M, Perko D (eds) Geografski
atlas Slovenije. DZS, Ljubljana, pp 318-319

Orozen Adami¢ M, Hrvatin M (2001) Geographical characteristics of
earthquakes in the Soca River Region. Geografski zbornik 42:45-90

Pavli¢ U (2013) Susa v vodonosnikih leta 2012 [Drought in aquifers in
2012]. Ujma 5:71-77

Pavsek M (2002) Snezni plazovi v Sloveniji [Avalanches in Slovenia].
Geografije Slovenije 6. Zalozba ZRC, Ljubljana

Perko D (1992) Ogrozenost Slovenije zaradi naravnih nesre¢ [The
threat to Slovenia from natural disasters]. Ujma 6:74-77

Perko D, Hrvatin M, Cigli¢c R (2017) Determination of landscape
hotspots of Slovenia. Acta Geogr Slov 57(1):7-29. https://doi.
org/10.3986/AGS.4618

Peternel T, Kumelj S, Ostir K, Komac M (2017) Monitoring the Potoska
planina landslide (NW Slovenia) using UAV photogrammetry and
tachymetric measurements. Landslides 14(1):395-406. https://doi.
org/10.1007/s10346-016-0759-6

Placer L, Jamsek P (2011) Ilirskobistriski fosilni plaz — mesto na
plazu [the Ilirska Bistrica fossil landslide — the town on the
landslide]. Geologija 54(2):203-208. https://doi.org/10.5474/
geologija.2011.017

Polajnar J (2002) Visoke vode [High waters]. In: Useni¢nik B (ed)
Nesrece in varstvo pred njimi. Uprava RS za za$€ito in reSevanje,
Ljubljana, pp 246-251

Ribari¢ V (1979) The Idrija earthquake of March 26, 1511 — a recon-
struction of some seismological parameters. Tectonophysics 53(3—
4):315-324. https://doi.org/10.1016/0040-1951(79)90076-3

Robi¢ M, Vrhovec T (2002) Poplavljanje morske obale [Flooding
the seashore]. In: USeni¢nik B (ed) Nesrece in varstvo pred njimi.
Uprava RS za zascito in reSevanje, Ljubljana, pp 256-259

Rosi A, Peternel T, Jemec-Auflic M, Komac M, Segoni S, Casagli
N (2016) Rainfall thresholds for rainfall-induced landslides in
Slovenia. Landslides 13(6):1571-1577. https://doi.org/10.1007/
s10346-016-0733-3

Segina E, Komac B, Zorn M (2012) Factors influencing the rockwall
retreat of flysch cliffs on the Slovenian coast. Acta Geogr Slov
52(2):303-334. https://doi.org/10.3986/AGS52202

Selb Semerl J, Tomgi¢ S (2008) Vpliv vro¢inskih valov na umrljivost —
Vrocinski val avgusta 2003 v Sloveniji [Influence of heatwaves
on mortality — Heat wave in August 2003 in Slovenia]. Institut za


https://doi.org/10.3986/AGS46201
https://doi.org/10.5474/geologija.2005.022
https://doi.org/10.5474/geologija.2005.022
https://doi.org/10.3986/GV87107
https://doi.org/10.1016/j.geomorph.2015.02.005
https://doi.org/10.1016/j.geomorph.2015.02.005
https://doi.org/10.3986/GV86103
https://doi.org/10.1016/j.envsci.2011.05.001
https://doi.org/10.1016/j.envsci.2011.05.001
https://doi.org/10.1016/j.enggeo.2005.06.037
https://doi.org/10.1016/j.enggeo.2006.02.015
https://doi.org/10.3986/AGS47202
http://www.mop.gov.si/fileadmin/mop.gov.si/pageuploads/podrocja/voda/ocene_tveganj_poplave_2015.pdf
http://www.mop.gov.si/fileadmin/mop.gov.si/pageuploads/podrocja/voda/ocene_tveganj_poplave_2015.pdf
http://www.mop.gov.si/fileadmin/mop.gov.si/pageuploads/podrocja/voda/ocene_tveganj_poplave_2015.pdf
https://doi.org/10.3986/AGS.4618
https://doi.org/10.3986/AGS.4618
https://doi.org/10.1007/s10346-016-0759-6
https://doi.org/10.1007/s10346-016-0759-6
https://doi.org/10.5474/geologija.2011.017
https://doi.org/10.5474/geologija.2011.017
https://doi.org/10.1016/0040-1951(79)90076-3
https://doi.org/10.1007/s10346-016-0733-3
https://doi.org/10.1007/s10346-016-0733-3
https://doi.org/10.3986/AGS52202

17 Natural Hazards in Slovenia

277

varovanje zdravja Republike Slovenije, Ljubljana. https://ec.europa.
eu/health/archive/ph_information/dissemination/unexpected/docs/
vpliv.pdf. Accessed 19 Aug 2017

Stepisnik U, Ferk M, Gostincar P, Cernuta L (2012) Holocene high
floods on the Planina Polje, Classical Dinaric Karst, Slovenia. Acta
Carsologica 41(1):5-13. https://doi.org/10.3986/ac.v41il.44

Sodnik J, Mikos M (2006) Estimation of magnitudes of debris flows
in selected torrential watersheds in Slovenia. Acta Geogr Slov
46(1):93-123. https://doi.org/10.3986/AGS46104

Sturm T (2017) A probability model for long-term forest fire occurrence
in the Karst forest management area of Slovenia. Int J Wildland Fire
26(5):399—412. https://doi.org/10.1071/WF15192

Susnik A (2002) Toca [Hail]. In: USeni¢nik B (ed) Nesrece in varstvo
pred njimi. Uprava RS za za3¢ito in reSevanje, Ljubljana, pp 318-329

Susnik A, Valher A, Gegori¢ G (2014) Meteoroloske analize kmetijskih
sus v Sloveniji [Analysis of meteorological data during agricultural
droughts in Slovenia]. In: Zorn M, Komac B, Cigli¢ R, Pav§ek M
(eds) (Ne)prilagojeni. Naravne nesrece 3. Zalozba ZRC, Ljubljana,
pp 153-162

Ticar J, Kerin M, Zagar A (2018) Hudourniske poplave Sugice leta 1937
[Susica Stream flash flood in 1937]. Ujma 32:105-115

Tomazevic M, Lutman M (2007) Heritage masonry buildings in
urban settlements and the requirements of Eurocodes: the expe-
rience of Slovenia. Int J Archit Herit 1(1):108-130. https://doi.
org/10.1080/15583050601126186

Tosi¢ I, Zorn M, Ortar J, UnkaSevi¢ M, Gavrilov MB, Markovi¢ SB
(2016) Annual and seasonal variability of precipitation and tem-
peratures in Slovenia from 1961 to 2011. Atmos Res 168:220-233.
https://doi.org/10.1016/j.atmosres.2015.09.014

Trontelj M (1997) Kronika izrednih vremenskih dogodkov 20. Stoletja
[Chronicle of extraordinary weather events 20. Century]. HMZ,
Ljubljana

Trontelj M, Zupanci¢ B (1987) Ujma 23. avgusta 1986 na Notranjskem —
kako je nastal tornado [The storm of 23. 8.1986 in the Notranjsko
region — A Tornado]. Ujma 1:15-18

Vidrih R (2008) Seismic activity of the upper Poso¢je area. Agencija
Republike Slovenije za okolje, Ljubljana

Vidrih R, Ribi¢i¢ M, Suhadolc P (2001) Seismogeological effects on
rocks during the 12 April 1998 upper Soca Territory earthquake

(NW  Slovenia). Tectonophysics 330(3—4):153-175. https://doi.
org/10.1016/S0040-1951(00)00219-5

Volk Bahun M (2016) Ocena in prikaz nevarnosti zaradi sneznih
plazov [The assessment and display of avalanche hazard]. Ujma
30:209-218

Vrhovec T, Kastelec D (2002) Zled [Sleet]. In: Useni¢nik B (ed)
Nesrece in varstvo pred njimi. Uprava RS za za$Cito in reSevanje,
Ljubljana, pp 316-317

Zakon o prostorskem nacrtovanju [Spatial Planning Act] (2007) Uradni
list Republike Slovenije 33/2007. Ljubljana

Zakon o vodah [Waters Act] (2002) Uradni list Republike Slovenije
67/2002. Ljubljana

Zalar M, Pogacar T, Crepindek Z, KajfeZ Bogataj L (2017) Vroginski
valovi kot naravna nesrec¢a v mestih [Heat waves as natural disaster
in cities]. In: Zorn M, Komac B, Ciglic R, Ti¢ar J (eds) Trajnostni
razvoj mest in naravne nesrece. Naravne nesrece 4. Zalozba ZRC,
Ljubljana, pp 41-49

Zorn M (2002) Rockfalls in Slovene Alps. Geografski zbornik
42:123-160

Zorn M (2008) Erozijski procesi v Slovenski Istri [Erosion processes
in Slovene Istria]. Geografija Slovenije 18. Zalozba ZRC, Ljubljana

Zorn M (2017) Poplave — stalnica v Spodnji Savinjski dolini [Floods —
a permanent feature in the lower Savinja Valley]. Kronika
65(3):529-540

Zorn M, Hrvatin M (2015) Damage caused by natural disasters in
Slovenia between 1991 and 2008. Acta Geobalcanica 1(1):33-43.
https://doi.org/10.18509/AGB.2015.04

Zorn M, Komac B (2002) Pobo¢ni procesi in drobirski tok v Logu
pod Mangartom [Slope processes and the debris flow in Log Pod
Mangartom]. Geografski vestnik 74(1):9-23

Zorn M, Komac B (2008) Zemeljski plazovi v Sloveniji [Landslides in
Slovenia]. Georitem 8. Zalozba ZRC, Ljubljana

Zorn M, Komac B (2011) Damage caused by natural disasters in
Slovenia and globally between 1995 and 2010. Acta Geogr Slov
51(1):7-41. https://doi.org/10.3986/AGS51101

Zorn M, Komac B (2015) Naravne nesrece in druzbena neodgovornost
[Natural disasters and social irresponsibility]. Geografski vestnik
87(2):75-93. https://doi.org/10.3986/GV 87205


https://ec.europa.eu/health/archive/ph_information/dissemination/unexpected/docs/vpliv.pdf
https://ec.europa.eu/health/archive/ph_information/dissemination/unexpected/docs/vpliv.pdf
https://ec.europa.eu/health/archive/ph_information/dissemination/unexpected/docs/vpliv.pdf
https://doi.org/10.3986/ac.v41i1.44
https://doi.org/10.3986/AGS46104
https://doi.org/10.1071/WF15192
https://doi.org/10.1080/15583050601126186
https://doi.org/10.1080/15583050601126186
https://doi.org/10.1016/j.atmosres.2015.09.014
https://doi.org/10.1016/S0040-1951(00)00219-5
https://doi.org/10.1016/S0040-1951(00)00219-5
https://doi.org/10.18509/AGB.2015.04
https://doi.org/10.3986/AGS51101
https://doi.org/10.3986/GV87205

	17: Natural Hazards in Slovenia
	17.1	 Introduction
	17.2	 Geological and Geomorphological Natural Hazards
	17.3	 Hydrological Natural Hazards
	17.4	 Meteorological Natural Hazards
	17.5	 Conclusion
	References


