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Abstract The objective of this study is preliminary 
national-scale assessment of the landslide hazard in 
Croatia using qualitative approach. Landslide risk analysis 
was done in the frame of Disaster Risk Assessment for the 
Republic of Croatia during 2018. Landslide risk assessment 
was carried out by the scientists from Croatian Landslide 
Group. As final result of conducted landslide risk 
assessment, landslides were recognised as the second 
natural risk in Croatia. Landslide hazard analysis included 
characterisation of the landslides and the corresponding 
frequency of multiple-occurrence regional landslide 
events (MORLE). The effects of controlling factors on 
landslide susceptibility was estimated using knowledge-
driven method based on overlay of two landslide predictor 
maps, lithology and slope inclination. The analysis showed 
that approximately 20% of the area of the Republic of 
Croatia is potentially prone to sliding. MORLE records and 
precipitation triggering events were analysed to 
investigate the temporal probability of landslide hazard. 
Frequency of MORLE was conducted for two scenarios, 
the worst possible scenario based on landslide events in 
winter 2012/2013 and the most probable scenario based on 
landslide events in February 2018. Frequency analysis of 
precipitation triggering events showed that the most 
probable MORLE be expected once every 15 to 20 years and 
the worst possible MORLE once every 100 years. 
 
Keywords landslides, susceptibility mapping, MORLE, 
landslide risk assessment, Croatia. 
 
Introduction 

The Sendai Framework for Disaster Risk Reduction 
2015-2030 is voluntary, non-binding agreement which 
recognizes that the State has the primary role to reduce 
disaster risk but that responsibility should be shared with 
other stakeholders including local government, the private 
sector and other stakeholders. One of priorities for action 
in Sendai Framework is understanding disaster risk in all 
its dimensions of vulnerability, capacity, exposure of 
persons and assets, hazard characteristics and the 
environment. Based on this develop, periodically update 
and disseminate, as appropriate, location-based disaster 
risk information, including risk maps, to decision makers, 
the general public and communities at risk of exposure to 

disaster in an appropriate format by using, as applicable, 
geospatial information technology. The most known 
framework for landslide risk assessment and management 
was developed by Fell et al. (2008a,b). Main steps in 
landslide risk management process are risk analysis and 
risk assessment. Landslide risk analysis includes hazard 
analysis and consequence analyses. The subject of this 
paper is landslide hazard analysis (Fig. 1) in national scale 
for Republic of Croatia, which involves characterisation of 
the landslides (classification, size, mechanics, location), 
and the corresponding frequency (annual probability) of 
occurrence (Fig. 1). Main data layers required for landslide 
susceptibility, hazard and risk assessment can be 
subdivided into four groups: landslide inventory data, 
environmental factors, triggering factors and elements at 
risk (Van Westen et al., 2005). Type and purpose of 
landslide zoning is determined by the end users, but main 
factor are availability of potential input data. Landslide 
zoning maps at national (<1:250,000) and regional 
(1:250,000–1:25,000) scales do not allow the mapping of 
individual small slope failures. As a consequence, 
landslides have to be treated collectively, and neither 
runout nor intensity–frequency analyses can be performed 
at these scales (Corominas et al., 2013). Zoning maps at 
national scale are created to give a general overview of 
problem areas for an entire country and can be used to 
inform national policy makers and the general public 
(Soeters and van Westen, 1996). Most common hazard 
descriptor for landslide hazard assessment in national and 
regional scale is number of landslides per administrative 
unit or square kilometre per year (Corominas et al., 2013). 

First landslide susceptibility map of Croatia was 
performed by Podolzski et al. (2015) based on heuristic 
approach which was similar to method applied for the 
Classified European Landslide Susceptibility Map v1.0, 
ELSUS1000 (Gunther et al., 2013) The mapping approach 
includes climate-physiographic regionalisation and 
landslide susceptibility modelling. Landslide susceptibility 
was analysed based on spatial multi-criteria evaluation 
model using slope angle, lithology and land cover, which 
are considered as the main conditioning factors for all 
types of landslides at this scale. The derived landslide 
susceptibility map is represented in four classes, as a 1 km 
raster data set. As a result, the obtained landslide 
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susceptibility map, 72% of the Croatia show low landslide 
susceptibility. Moderate, high and very high susceptible 
zones make up 15% (8,489.1 km2), 8%  
(4,527.5 km2) and 4% (2,263.7 km2)of the total area, 
respectively. The lack of conducted analysis is that 
different landslide mechanisms (slides and rock falls) were 
analysed simultaneously and landslide susceptibility  
assessment requires a multi-hazard approach, as different 
types of landslides may occur, each with different 
characteristics and causal factors, and with different 
spatial, temporal and size probabilities (Corominas et al., 
2013). Mihalić Arbanas et al. (2016) identified landslide 
prone areas in Croatia and BIH with hazardous processes 
that require a systematic approach, starting with regional 
landslide hazard mapping using remote sensing 
techniques. Based on bedrock lithology and relief types of 
the main geotectonic units in Croatia it was concluded 
that approximately 20% of Croatia or 12,000 km2 can be 
described as landslide-prone areas.  

The first landslide risk analysis in national scale was 
done in the frame of Disaster Risk Assessment for the 
Republic of Croatia during 2018 and the coordinator was 
Croatian National Platform for Disaster Risk Reduction, 
CNPDRR. Landslide risk calculation was carried out by the 
scientists from Croatian Landslide Group, which members 
are scientists from University of Rijeka, Faculty of Civil 
Engineering and University of Zagreb, Faculty of Mining, 
Geology and Petroleum Engineering.  
 

 
Figure 1 Framework for landslide risk assessment and 
management developed by Fell et al. (2008a,b) and scope of 
research described in  this study. 

 
Geological framework and landslides in Croatia 

According to Mihalić Arbanas et al. (2016), most of 
the landslide-prone areas in Croatia belong to hills and 
lowlands composed of (i) Neogene clastic rocks 
(marlstones), carbonate rocks and soils in the Pannonian 
Basin (approximately 6000 km2), and in the tectonic unit 
of the High Karst (approximately 160 km2), the Pre-Karst 

and Bosnian Flysch Unit (approximately 130 km2), the 
Western Vardar Ophiolitic Unit (approximately 100 km2), 
and the Sava Zone (approximately 35 km2); (ii) Plio-
Quaternary soils in the Pannonian Basin (approximately 
2300 km2); (iii) Paleogene association of clastic rocks 
(flysch-type rocks) in tectonic units of undeformed part of 
the Adriatic Plate (approximately 450 km2), the High Karst 
Unit (approximately 400 km2), the Dalmatian Zone 
(approximately 330 km2), the Western Vardar Ophiolitic 
Unit (approximately 80 km2), and the Sava Zone 
(approximately 80 km2); and (iv) Paleozoic and 
Precambrian igneous and metamorphic rocks in the 
Pannonian Basin (approximately 380 km2); (v) Paleozoic 
rhythmic alteration of clastic rocks in the Pre-Karst and 
Bosnian Flysch Unit (approximately 300 km2); and (vi) 
Paleozoic alteration of clastic and metamorphic rocks in 
the Pannonian Basin (approximately 250 km2). Low-
altitude mountains with landslide-prone areas in Croatia 
are only present in (i) Paleozoic rhythmic alteration of 
clastic rocks in tectonic unit of High Karst (approximately 
270 km2); (ii) Paleozoic alteration of clastic and 
metamorphic rocks in the Pannonian Basin 
(approximately 220 km2); (iii) Paleozoic and Precambrian 
igneous and metamorphic rocks in the Pannonian Basin 
(approximately 190 km2); and (iv) Paleogene flysch-type 
rocks in tectonic unit of Dalmatian Zone (20 km2) and the 
Western Vardar Ophiolitic Unit (approximately 10 km2). 
In the following text is presented a brief description of 
selected areas of geotectonic units particularly prone to 
landslides: “Gray Istria,” the Rječina River Valley, the 
Internal Dinarides, and the Pannonian Basin. 

The western part of Croatia is the Istrian Peninsula 
(or Istria), which belongs to an undeformed part of the 
Adriatic Plate (Schmid et al. 2008).The most landslide-
prone areas in Istria are related to “White Istria” 
represented with Paleogene carbonate and clastic rocks 
located in the NE and E part of the peninsula and “Gray 
Istria”, the area of Eocene flysch basin located in the 
central part of Istria. Paleogene siliciclastic deposits 
(Bergant et al. 2003) are prone to weathering (Vivoda 
Prodan and Arbanas 2016) and to active geomorphological 
processes, which have been forming landslides and 
erosion phenomena. The most frequent landslides are 
small and shallow and tend to develop at contacts between 
transported and residual soil or residual soils and fresh 
siliciclastic rocks. Flysch-type rocks and underlying 
“Globigerina marls” of the Istrian flysch basin are prone to 
weathering and erosion by superficial water. More 
intensive weathering and selective erosion of less-durable 
marls compared with sandstones enable development of 
deeper weathering profiles with up to 10 m of weathered 
rock mass (Vivoda Prodan 2016). Sliding is most often 
along contacts between weathered and fresh flysch-type 
rock, especially at places of concentrated flows of 
superficial water (e.g., near roads), which typically cause 
small and shallow landslides (Dugonjić and Arbanas 2012, 
Dugonjić Jovančević 2013). Moreover, stratification of 
flysch-type deposits also enables development of 
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translational block slides, such as the Brus Landslide 
(Arbanas et al. 2010, Mihalić et al. 2011, Arbanas et al. 2013). 

Most of the External Dinarides belongs to the High 
Karst Unit, which is primarily comprised of Mesozoic and 
Paleogene shallow marine carbonate platform deposits 
(e.g., limestone, dolomites, conglomerates, and breccia), 
whereas in certain parts, they are overlaid with Eocene-
Oligocene flysch-like rocks (Vlahović et al. 2005). In 
carbonate rocks, the most important process is chemical 
weathering and formation of karst, which forms steep and 
sharp slopes with relatively thin superficial deposit 
originating from weathering. The most frequent landslide 
type in carbonate rocks is rockfalls on artificial slopes, e.g., 
cuts along transportation routes. Deep-seated landslides 
are limited to areas of geological contact of carbonate and 
flysch-type rocks. The area with the highest density of 
landslides is the Rječina River Valley near the city of Rijeka 
(Arbanas et al. 2014) and in the Vinodol Valley (Toševski 
2018, Đomlija 2018). The erosive power of the Rječina River 
in the bottom of the slope was a preparatory factor for 
historical landslide processes, together with earthquakes 
(Vivoda et al. 2012) and heavy rainfall (Oštrić et al. 2011; 
Mihalić Arbanas et al. 2017b) as triggering factors. Slopes 
undercut by the Rječina River are the most hazardous 
slopes in the flysch-type deposits in Croatia, which was 
evidenced by the deadly landslide that buried the Grohovo 
Village in 1885 (Anon. 2011). Currently, there are often 
landslide reactivations in the form of shallow-to-
moderately deep landslides endangering county roads and 
the Valići Dam (Mihalić Arbanas et al. 2017b).  

The steep flanks of the Vinodol Valley are built of 
Upper Cretaceous and Paleogene carbonate rocks 
(Blašković, 1999), while the lower parts and the bottom of 
the Valley are built of Paleogene flysch rock mass, mainly 
composed of marls, siltstones and sandstones in 
alteration. Older and recent talus deposits have been 
accumulated at the foot of the limestone cliffs, as a result 
of different types of mass movements, predominantly of 
rock falls, rock topples, and irregular rock slides (Đomlija, 
2018). The flysch bedrock is mostly covered by various 
types of superficial deposits formed by geomorphological 
processes active both in the carbonate and flysch rock 
mass (Đomlija et al., 2014). Flysch slopes have been 
dissected by several relatively large and deep gullies, such 
as Slani Potok, Mala Dubračina and Kučina. Within these 
gullies, the landslide deposits have been formed as a result 
of sliding processes. Landslide deposits represent zones of 
acculumation of numerous landslides identified and 
mapped withing the gullies (Đomlija, 2018;), composed of 
weathered flysch bedrock, which represents a material 
lying at the contact of soil and rock (Pajalić et al., 2018). 
According to Đomlija et al. (2019) debris slides are the 
most abundant landslide type identified in the Slani Potok 
gully, including the smallest landslide (65 m2), and the 
largest landslide (10,563 m2). 

In the Pannonian Basin, approximately 42% of the 
area is comprised of lowlands and hills, and only 
approximately 2% is comprised of low-altitude mountains 

(Panagos et al., 2012). The plains belong to the fluvial 
floodplains of the Sava River, Drava River, and Danube 
River. Numerous lower mountains and hills (Kalnik, 
Moslavačka Gora, Papuk, Psunj, Krndija and Dilj Mts) 
existed as uplifted paleorelief through entire Neogene. 
Consequently, they are mainly composed of Mesozoic 
carbonate rocks, sporadically clastics and volcanoclastics 
and Paleozoic clastic rocks, sporadically carbonates, and 
metamorphic rocks. The lowlands are composed of Plio-
Quaternary and Neogene sediments (i.e., soils and soft 
rock-hard soils, mainly marls). Landslides are common 
phenomena due to geomorphological, geological, and 
climatic settings and several anthropogenic factors, such 
as inadequate slope design, changes in land cover or slope 
gradients, and improper drainage of storm water. The 
main triggering factors are rainfall and snowmelt because 
most of the reported landslides in this area occurred 
during the months of intense precipitations (Bernat 
Gazibara et al. 2017b,c). The most frequent landslides are 
very small-to-moderately small (< 105 m3) and superficial-
to-moderately shallow (< 20 m) landslides (Bernat 
Gazibara et al. 2017b). In spite of their small volume, soil 
slides cause significant damage to buildings, 
infrastructure, and crops because of the high landslide 
density. For example, Bernat Gazibara et al. (2019) 
identified 702 landslides within the 21 km2 area of Zagreb. 
Development of large and deep-seated landslides in the 
area of the Pannonian Basin is only possible as a 
consequence of improper extremely large slope cuts 
associated with mining activities, such as the Kostanjek 
landslide in the City of Zagreb (Mihalić Arbanas et al. 
2017a) and the Torine landslide (Grošić et al. 2014) near 
Našice. 
 
Preliminary landslide susceptibility analysis 

The landslide hazard identification for the territory 
of the Republic of Croatia was carried out by a preliminary 
analysis of the spatial landslide susceptibility. Landslide 
risk analysis in national scale was done only for sliding 
processes and other sliding mechanisms (fall, topple and 
flow) where not analysed in this study. Input data used for 
landslide susceptibility analysis are basic geological map in 
scale of 1:300,000 and slope map derived from DEM 30 x 
30 m. Geomorphological classification of slope inclination 
(IGU, 1968) has been used in order to define dominant 
geomorphological processes in each inclination category 
(Tab. 1). According to the Commission on 
Geomorphological Survey and Mapping (IGU, 1968), the 
slopes are classified into six categories base on their 
gradient (0-2°, 2-5°, 5-12°, 12-32°, 32-55° and >55°). 
Landslides are dominant geomorphological process on 
slopes of 5-55° (Tab. 1) and these areas can be considered 
as landslide-prone areas, or landslides can be based on the 
landslide preconditioning causal factors. Based on 
geologic map in scale 1:300,00o and expert landslide 
knowledge, landslide-prone lithological units have been 
identified. 
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Table 1 Geomorphological classification of slopes (IGU, 1968). 

Inclination (°) Features of geomorphologic shapes and processes 

< 2 Plain. Mass movements are not evident. 
Soil wash intensity is minimal. 

2 - 5 Mildly inclined terrain. Soil wash is weak. 
Soil wash and creep can be significant 

5 - 12 Inclined terrain. Relatively strong soil wash and mass 
movement. Accented soil creep and downhill flow of 
material. Terrain is compromised by slope processes. 

12 - 32 Significant inclination. Soil wash is intensive. Very 
strong slope processes. Terrain significantly 
compromised by soil wash and mass movement. 

32 – 55 Very steep terrain. Material removal is dominant. 
Material is accumulated only sporadically (a thin 
layer). Slopes are rocky and mostly barren. 

> 55 Cliffs, escarpments. Dispersal and collapsing are 
dominant. 

 
Based on two predominating casual factors, 

lithological units where sliding can be occur and slopes 
inclination of 5-55°, resulting preliminary landslide 
susceptibility map of the Republic of Croatia was derived 
(Fig. 2). The spatial distribution of landslide-prone areas 
shows that the highest frequency of geomorphological and 
geological conditions for landslide occurrence is present in 
the continental part of the Croatia, i.e, in the Pannonian 
Basin. Given the relative proportion of landslide-prone 
areas in relation to the area of the county, the largest 
proportion is in the Krapina-Zagorje County, where 57.8% 
of the area is susceptible to sliding. Landslide assessment 
for all Croatian counties is given in (Fig. 2), presented from 
larger proportions of slide-prone areas to smaller ones. In 
addition to the relative proportions, the size of the 
landslide-prone area is relevant for the assessment of the 
total landslide susceptibility by county. The largest area 
where landslides can occur is in the Sisak-Moslavina 
County, which is 806.4 km2. For comparison, county with 

the smallest landslide-prone area is in Vukovar-Srijem 
County and it is approximately 14.8 km2. Based on 
performed landslide susceptibility analysis, approximately 
20% of the territory of the Republic of Croatia is prone to 
sliding with respect to geological (rock/soil type) and 
geomorphological conditions (slope inclination). 

Landslide risk assessment was conducted for two 
scenarios of multiple-occurrence regional landslide events 
(MORLE), the worst possible (Scenario 1) and the most 
probable scenario (Scenario 2). The analysed scenarios 
were defined based on two landslide events: landslides 
occurred in winter 2012/2013; and landslides occurred in 
February 2018.  

The expected number of landslides for the worst 
possible MORLE scenario (Scenario 1) was estimated based 
on the number of landslides activated during January to 
April 2013. Information regarding the (re)activation of 
landslides in the winter period of 2012/2013 was received 
from citizens who informed City administration 
responsible for landslide remediation or civil protection 
throughout that time period. Evidences of examined 
landslides are recorded in the City offices only in the form 
of lists with the data about landslide locations and the date 
of activation. Finally, more than 900 (re)activated 
landslides was recorded in NW Croatia, and the largest 
number of activated landslides was in the Krapina-Zagorje 
County, 521 landslides in total (Bernat et al., 2014a; Bernat 
et al., 2014b). The Krapina-Zagorje County was selected 
due to completeness of conducted landslide data. Based on 
the total number of landslides activated in winter period 
2012/2013, the average landslides density per unit of 
landslide-prone area was estimated, which is 0.733 
landslides/km2 for MORLE scenario 1 (the worst possible 
MORLE).  

 

 
Figure 2 Preliminary landslide susceptibility map of the Republic of Croatia with proportions of landslide-prone areas and expected 

number of landslides based on Scenario 1 – the worst possible MORLE scenario and Scenario 2 - the most probable MORLE scenario. 
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The expected number of landslides for the most 

probable MORLE scenario (Scenario 2) was estimated 
based on the number of landslides activated in February 
2018. Landslide event inventory was compiled by scientist 
from University of Zagreb, Faculty of Mining, Geology and 
Petroleum Engineering based on information from Google 
Alerts (monitoring specific keywords such as landslide, 
sliding, etc.) and technical reports. Based on the total 
number of landslides activated in the Krapina-Zagorje 
County, the average density of 0.37 landslides per unit of 
landslide-prone area were estimated to be activated during 
the most probable MORLE scenario (Scenario 2). From the 
average landslide density per unit of landslide-prone area 
activated during two MORLE scenarios, the expected 
number of landslides for all 21 counties in the Republic of 
Croatia was determined (Fig. 2). 

 
Frequency analysis of triggering events 

The Standardized Precipitation Index (SPI) is a 
widely used index to characterize meteorological drought 
on a range of timescales (McKee et al., 1993). On short 
timescales, the SPI is closely related to soil moisture, while 
at longer timescales, the SPI can be related to groundwater 
and reservoir storage. The SPI can be compared across 
regions with markedly different climates. It quantifies 
observed precipitation as a standardized departure from a 
selected probability distribution function that models the 
raw precipitation data. The raw precipitation data are 
typically fitted to a gamma or a Pearson Type III 
distribution, and then transformed to a normal 
distribution. The SPI values can be interpreted as the 
number of standard deviations by which the observed 
anomaly deviates from the long-term mean. For the 
operational community, the SPI has been recognized as 
the standard index that should be available worldwide for 
quantifying and reporting meteorological drought, but it 
is also used for monitoring and assessing rainfall at 
national meteorological services, including at the Croatian 
Meteorological and Hydrological Service. The SPI values 
were defined for differing periods of 10- to 100-days, using 
daily input data for climatological series from 1981. to 2010.  
 
The most probable MORLE scenario  

In March 2018, the Sisak-Moslavina County and 
Varaždin County experienced very wet weather 
conditions, 1.5 <SPI <1.99 (DHMZ, 2018). The cumulative 
precipitation from the 1st to the 20th March 2018, at the 
Sisak and Varaždin meteorological stations (Fig. 3), was 
extremely high for the period. In addition, the 3-month 
and 6-month cumulative precipitation (SPI-3 and SPI-6), 
from the beginning of January 2018/October 2017 to the 
end of March 2018, were extremely high at Sisak 
meteorological stations, while at Varaždin meteorological 
station SPI3 and SPI6 indicate prevailing rainy weather. 
On 13 March 2018, extreme precipitation conditions 
triggered more than 50 landslides in the Sisak-Moslavina  

 
County. Therefore, climatological analysis of the 20-, 

40- and 100- cumulative day precipitation before landslide 
activation was conducted based on data from the Sisak 
meteorological station. The preliminary analysis selected 
20-, 40- and 100-day cumulative precipitation as critical, 
because for those SPI values a certain threshold indicates 
a potentially damaging landslide occurring. Results of the 
20-days cumulative precipitation prior to landslide 
activation indicates wet weather conditions and for the 40- 
and 100- days cumulative precipitation a prior activation 
indicates extremely wet weather conditions. Additionally, 
cumulative precipitations for 40- and 100- days prior to 
landslide activation (177.2 and 362.6 mm) represents the 
second largest measured value for the first half of March 
since 1961, while the 20- day cumulative precipitation (69.7 
mm) is the 5th cumulative precipitation value after the 
maximum measured in 2016 (107.4 mm). Frequency 
analysis of triggering the most probable MORLE shows 
that the 100-day cumulative precipitation prior to the 
landslide activation on 13 March 2018 can be expected once 
every 15 years in Zagreb and once every 22 years in 
Varaždin. 

 

 
Figure 3 Cumulative daily precipitation (mm) on Varaždin 
meteorological station for March 2018 and the series of 
theoretical percentile curves (2., 10., 25., 50., 75., 90. i 98.) for 
period 1961 - 2000 (www.meteo.hr). 

 
The worst possible MORLE scenario  

During March 2013, the territory of Croatia 
experienced very wet weather conditions (1.5 <SPI <1.99), 
while in the NW part of Croatia prevailed extremely wet 
weather conditions (SPI ≥ 2). Further, the cumulative 
precipitations for 3-month (January-March 2013) and 6-
month (October 2012.-March 2012) period prior to MORLE 
were extremely high (DHMZ, 2013). Climatological 
analysis of the 20-, 40- and 100-day cumulative 
precipitation before landslide activation on 30 March 2013 
was conducted based on data from the Varaždin and 
Zagreb-Grič meteorological station. Results of the 20-days 
cumulative precipitation 0n both meteorological stations 
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prior to landslide activation indicates wet weather 
conditions (76.8 – 87.1 mm), 40- days cumulative 
precipitation indicates very wet weather conditions (151.3-
152.4 mm) while the 100- days cumulative precipitation 
extremely wet weather conditions (344.4–365.4 mm). 
Additionally, cumulative precipitations for 100- days prior 
to landslide activation represents the largest measured 
amount on Zagreb-Grič and Varaždin meteorological 
station since 1961.  Cumulative precipitations for 40- days 
prior to landslide activation represents the largest 
measured value on Zagreb-Grič meteorological station and 
the second largest measured value on Varaždin 
meteorological station, while the 20- day cumulative 
precipitation is the second largest measured value on 
Varaždin meteorological station and third on Zagreb-Grič 
meteorological station. Frequency analysis of triggering 
the worst possible MORLE shows that the extremely high 
100-day cumulative precipitation with wet and very wet 
20- and 40- day cumulative precipitation prior to the 
landslide activation on 30 March 2013 can be expected 
once every 98 years in Varaždin and once every 130 years 
in Zagreb. 

 

  
Figure 4 Cumulative daily precipitation (mm) on Varaždin 
meteorological station for March 2013 and the series of 
theoretical percentile curves (2., 10., 25., 50., 75., 90. i 98.) for 
period 1961 - 2000 (www.meteo.hr). 

 
Discussion and conclusion 

Landslide hazard analysis for Republic of Croatia 
included preliminary landslide susceptibility analysis 
using qualitative approach, calculation of expected 
noumber of landslides based on two MORLE events 
(winter 2012/2013 and March 2018) and frequency analysis 
of triggering events. The preliminary landslide 
susceptibility analysis showed that approximately 20% of 
the area of the Republic of Croatia is potentially prone to 
sliding. Particularly landslide prone areas in Croatia are 
lowlands and hills in the Pannonian Basin, the hills of the 
Istrian Peninsula and isolated narrow valleys in the 
Dinarides, such as Rječina River Valley and Vinodol Valley 
in Croatian Primorje. Furthermore, the same landslide 

susceptibility analysis arises that 60% of 
cities/municipalities (local administrative units) are 
endangered by Multiple Occurrence of Regional Landslide 
Events (MORLE) in case of the most probable MORLE 
event. In case of the worst possible MORLE scenario, 12 
Croatian counties (area 4742,44 km2) will experience more 
than 100 landslide (re)activations per county.  

Frequency analysis of precipitation triggering events 
showed that the most probable MORLE be expected once 
every 15 to 20 years and the worst possible MORLE once 
every 100 years. This analysis proved that recent most 
often unfavourable events of sliding are related to climate 
changes with a trend to increase its frequency. 
Understanding the relationship between landslide 
susceptibility, rainfall patterns and climate change are 
therefore crucially important in planning a proactive 
approach in landslide risk reduction. Also, the landslide 
hazard assessment is iterative process and should be up-
dated periodically as new MORLE events occur. 
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