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1.Review of available landslide hazard assessments covering the target 
region 

  
1.1.   National perspective 
 
1.1.1.  N. Macedonia 

 
Republic of N. Macedonia (25,713 km2) is a mountainous country where 2% of the territory is 
covered by water (lakes), 19% are plains and valleys, and the greatest part of 79% are hills and 
mountains. Because of frequent changes of mountains and deep valleys, mean slope of the terrain 
in the country is very high, 15.2°, with 39.5% of the area steeper than 15° (Milevski, 2018). 

Landslides are one of such treats which very often occur in the Republic of Macedonia, especially 
during the rainfall, fast snowmelt or earthquake shaking. For instance, numerous landslides were 
activated recently with road and canal construction in susceptible terrain, or by building major 
structures on steep terrain (Jovanovski et al., 2005). 

In N. Macedonia no official landslide hazard map on national level is currently available. Up to 
date, only landslide inventories provided by the Crisis management Center and several research 
authors as well as certain partial research efforts for selected locations across the country are 
available. Table 1.1 summarize the available references regarding landslide hazard and risk 
definition in N. Macedonia.   

Table 1. 1 Available references in N. Macedonia dealing with landslide hazard assessment 
 

Reference Type of data Form / 
Database  

Level 

Landslide inventory database 
from 2015-2020. CMC 

Landslide inventory GIS  National level 

Peshevski, I. (2015). Landslide inventory GIS National level 
Milevski, I., & Dragićević, S. 
(2019). 

Landslide susceptibility GIS  National level 

Bojadjieva et al., (2018) Earthquake induced 
landslide, hazard and risk 

GIS suburban part of 
Skopje 

Sheshov, Talaganov (1998) Earthquake induced 
geotechnical hazards 
zonation 

Scan, TIFF National level 

Peshevski et al. (2019) Landslide susceptibility GIS Polog region 
IPA CBR, 2007CB16IPO007-
2012-2-106 

Landslide susceptibility GIS Pehcevo (N. 
Macedonia), Simitli 
(Bulgaria) 

 
The available landslides inventory in N. Macedonia are good basis for evaluation of the landslide 
susceptibility maps such as performed in Milevski et al. (2019) and Peshevski et al. (2015) (Figure 
1.1). Yet, collecting all separate created inventories (CMC, Peshevski et al. (2015) and Milevski et 
al. (2019) is crucial for further improvement of the landslide susceptibility assessment. It is 
important to note that the spatial probability required for hazard assessment is not the same as 
the landslide susceptibility. Conversion of landslide susceptibility maps into landslide hazard 
maps requires estimates of spatial, temporal and magnitude probabilities of landslides (Guzzetti 
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et al., 1999; Glade et al., 2005; Fell et al., 2008; Van Asch et al., 2007; van Westen et al., 2008). 
The difference between susceptibility and hazard is the inclusion of probability (temporal, spatial 
and size probability). Table 1.2 represents the activities required for assessing the frequency and 
probability of occurrence of landslides. 

Table 1. 2 Activities required for assessing the frequency of landslides (according to D 2.4, SafeLand) 
Activities   Comments   Scale   Activities  
Analysis of rainfall 
including the effects of 
antecedent rainfall, 
rainfall intensity and 
duration on the incidence 
of individual landslides 
(the threshold) or large 
numbers of landslides  

Relative frequency 
(landslides/km2/yr). 
Neither the location nor 
the travel distance is taken 
into account. Appropriate 
for areas affected by 
homogeneous landslide 
sizes  

Regional to local   Analysis of rainfall 
including the effects of 
antecedent rainfall, 
rainfall intensity and 
duration on the incidence 
of individual landslides 
(the threshold) or large 
numbers of landslides  

Interpretation of numbers 
of landslides from aerial 
photographs and/or 
satellite images taken at 
known time intervals  

Landslide frequency is 
averaged by considering 
the time span between 
sets of images.  

Regional to local   Interpretation of numbers 
of landslides from aerial 
photographs and/or 
satellite images taken at 
known time intervals  

Prepare incident 
databases including the 
volume (size) of the slide 
materials. Development of 
M-F relations  

Absolute frequencies may 
be obtained in site specific 
studies (i.e. debris cone, 
rock wall). Relative 
frequencies are often 
prepared for linear 
facilities such as roads and 
railways 
(#landslides/km/year)  

Local to site specific   Prepare incident 
databases including the 
volume (size) of the slide 
materials. Development of 
M-F relations  

Reconstruct landslide 
series using incremental 
dating techniques (i.e. 
dendrochronology)  

In order to relate past 
landslide events to their 
magnitude it is often 
necessary the combination 
with other dating 
techniques and to carry 
out additional 
geomorphologic and 
sedimentologic analyses  

Local to site specific   Reconstruct landslide 
series using incremental 
dating techniques (i.e. 
dendrochronology)  

Reconstruct landslide 
series by dating the 
occurrence of past (pre-
historic) landslide events  

This approach is very 
appropriate for dating the 
occurrence of large and 
rare events (which remain 
in the landscape for a long 
time) and thus complete 
the landslide series 

Regional to site specific  Reconstruct landslide 
series by dating the 
occurrence of past (pre-
historic) landslide events  

Relating either stability 
index or factor of safety to 
rainfall or earthquake 
shaking, slope geometry, 
piezometric levels and 
geotechnical properties 

Relating either stability 
index or factor of safety to 
rainfall or earthquake 
shaking, slope geometry, 
piezometric levels and 
geotechnical properties 

Relating either stability 
index or factor of safety to 
rainfall or earthquake 
shaking, slope geometry, 
piezometric levels and 
geotechnical properties 

Relating either stability 
index or factor of safety to 
rainfall or earthquake 
shaking, slope geometry, 
piezometric levels and 
geotechnical properties 
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Figure 1. 1 Landslide inventory map, (Peshevski, 2015) and landslide susceptibility map (Milevski, 2019) 
of N. Macedonia. 

 

IZIIS has research experience in investigation earthquake induced landslide hazard 
(Sheshov&Talaganov, 1998, Bojadjieva et al., 2018). Figure 1.2 presents geohazard susceptibility 
mapinduced by earthquake. Figure 3 presents earthquake induced landslide hazard and risk 
assessment for  for a suburban part of city of Skopje.  

 

 

Figure 1. 2 Geohazards susceptibility zonation induced by earthquakes based on DEM and geology 
(Sheshov & Talaganov, 1998). 
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Figure 1. 3 Map of permanent displacements based on Newmark 1965 for selected water saturation 
scenario, and earthquake scenario, Map of exposed elements and Qualitative landslide risk map for 

suburban part of Skopje, N. Macedonia (Bojadjieva et al., 2018). 
 

It is important to emphasize the necessity in creating national strategy for landslide hazard and 
risk management in N. Macedonia by different triggering events (rainfall, earthquakes) for future 
better of the mitigation plan and urban development of the cities. The project Crisis and the 
landslide hazard zonation provided for the cross-border region between N. Macedonia, Albania 
and Greece will contribute towards better mitigation strategies in long term in each of the 
countries involved in this study. 
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1.1.2.        Albania  
 

Republic of Albania (28,748 km2) is mostly a mountainous country where around 75% of its 
territory are hills and mountains. Because of the diversity of the terrain the slope of the high 
terrain varies from 150-400.  
 
Geodynamic phenomena of slope instability, especially landslides, are largely encountered t in the 
Albanian territory. 
The study and mapping of this phenomenon began in 1950, due to the need for works relating to 
the construction of roads, hydroelectric plants, etc. The studies, before the 90s, were conducted 
by the Geology and Geodesy Body and by the Albanian Geological Survey (GSA) in the following 
period. 
 
In 2010 GSA undertook a project aimed at compiling the Landslide Inventory and Landslide 
Susceptibility Map at 1:50 000 for each of the 12 main administrative units (Qark) of Albania 
(Figure 1.4). The results were collected for the entire Albanian territory in a global GIS based Map 
at 1: 200 000 scale. 
 

 
Figure 1. 4 Land Slide information form (Filled for each Region). 

 

PROJECT 
(H.I.N.R.S

H) 

COMPILATION OF SLIDING MAPS AND 
SLIDING SENSITIVITY:  

AT A SCALE OF 1: 200 000 FOR THE 
TERRITORY OF ALBANIA AND AT A 

SCALE OF 1:50 000 FOR THE REGIONS OF 
ALBANIA 

M.E.I. 
SH.GJ.SH. 
Drejtoria e Gjeo.-
Inxh.,    
Gjeof., Gjeodez. 

Author:  
M.Lamaj, M.Jusufati, 
M.Dardha, E.Plaku, H. Kuliçi, 
F.Sallufi, Z.Hysa, P.Dokle, 
I.Gjeta, V.Gjonaj, E. Canaj, 
O.Jaupaj.  

Alphanumeric 
Code 

    Landslide 
ID  

      

GENERAL INFORMATION 

Date of occurrence: 
LOCATION 

Region:  District: 
Name of Engineer: Municipality / Commune : 

Public Institution: Sliding head coordinates : X Y 
Topographic map, Scale:1:25 000 Nomenclature: : 

Landslide Geometry: 
Elevation above sea level of the sliding head (m):  Length (m) : Landslide surface  (m2):   
Elevation above sea level of the sliding foot (m):  Width (m):  Measured volume of landslide. (m3):  

Slope inclination:  Depth of the landslide plan (m):  Sliding direction azimuth: 
 

GEOLOGICAL INFORMATION 
Geology of the landslide body Geology of the landslide plan Geology of immovable foundation 

O Magmatic Rock O Grained Desc based on (C) Desc based on (φ) Structure  O Carbonatic 

O Carbonates O Compressed O With cohesion O < 100 O Masive O Intrusive 
O Sandstone O Uncompressed O Low cohesion O 10 - 150 O Monoclinic O Effusive 
O Claystone O With cohesion O Without cohesion O >150 O Syncline O  Metamorphic 
O 

Evaporate 
O 

Without cohesion 
Note: O 

Anticline 
O Sedimentary 

effusive 
O Breccia O Organic O Tectonized O Evaporate  
O 

Deluvione 
  O 

With cracks 
O Flysch and 

Flyschoidal 
O 

Eluvione 
  O 

Friable 
O Sandy & 

Conglomerate 
O Clays   O Chaotic O Clayey 
O Thrown soils     O Intermediate rocks 

Seismicity (PGA) O With cohesion soils 
O  O  O  O  O  O Without cohesion soils 
O  O  O  O  O  O Mixed Soils  

MORPHOLOGICAL DATA 
Dip direction Description  of the slope Territory Classification  Erosion grade 

O Horizontal Crown  End O Urban Area O Dam O High 

O Vertical O >450 O O Road axis O Arboriculture O Medium  

O Parallel to the slope O 30 – 450 O O Houses  O Arable land O Low 

O Opposite the slope O 15 – 300 O O Vb. Mineral. O Forest Note 
O Transversal O 5 – 150 O O Pipeline O Unforested 

HYDROLOGICAL DATA 
Surface waters  O Missing Sources O Missing Underground waters  U.W.T. 

Distance from landslide body (m):  Distance from landslide body (m): Rocky Complex  
Flow (l/min): Flow (l/min) Quaternary cover  

The amount of rainfall in the territory 
O 800-1000 O 1000-1200 O 1200-1400 O 1400-1600 O 1600-1800 O 1800-2200 

GEOLOGICAL - ENGINEERING DATA 
Type of geodynamic phenomenon Condition  Categorization  Slippery material Humidy 
O Leakage O New active  O In motion  O Rock O Dry  
O Slide O New stopped O Enlarging O Soil O Medium  
O Falls O Stabilized  O Isolated O Mixture O Wet 
O Demolition  O Reactivated  Processed the material:  
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Map of the landslide inventory of Albania 
 
2921 landslides were studied and mapped in the period between 2010 and 2015. 
The database used in compiling the Albania Inventory Map (Figure 1.5) contains archival 
information and field work information collected during the implementation of the project by 
the Geological Survey of Albania (GSA). 
 
 

 
Figure 1. 5 Landslide inventory Map of Albania 

 

For each documented landslide a form is compiled containing information regarding the 
geographical location, geomorphology, geology, hydrogeology and geological-engineering 
conditions. 
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GIS based Landslide Susceptibility Map of Albania 
The methodology used is the combination of the heuristic and bivariate statistical method. The 
factors taken into consideration are: Geological - lithology and typology of rocks; Slope angle; 
Aspect of the slope; Land cover; Hydrology (precipitation) and seismicity (Figure 1.6). 
 
 

 
Figure 1. 6 Digital tematic maps for a) Geological and typology of rocks; 

b) Elevation; c) Slope angle; d) Land cover 
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The GIS based Landslides Susceptibility Map of Albania at 1: 200 000 scale (Figure 1.7) is 
compiled from the assembly of the Susceptibility Maps at 1:50000 scale of the 12 regions (Qark). 
The susceptibility map is accompanied by the maps of each factor taken into consideration. 
 

 

Figure 1. 7 Landslide Susceptibility Map of Albania 1:200000 (GSA, 2015) 
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1.1.3.        Greece  
 
The primary requirement in predicting future landslides is a well-documented landslide inventory 
of the studied area including the mapping of past and recent slope movements, together with the 
identification and mapping of the predisposing factors of slope instability. Sabatakakis et al. 
(2012) presented a preliminary national-scale assessment of the landslide susceptibility in Greece 
using a landslide inventory derived from historical archives. More specifically, a large number of 
technical reports and studies including landslide occurrences, mainly obtained from KEDE and 
IGME, were analyzed, and after the appropriate modifications, mainly to standardize the 
terminology, 1635 well-documented landslide cases covering a long time period (up to 2010) were 
collected, recorded and digitally stored. The inventory mainly included earth slides (rotational 
and translational) having consequences on the reliability of susceptibility assessments.  
In national-scale planning, according to Sabatakakis et al. (2012) the geological formations of 
Greece were grouped into seven engineering geological units based mainly on their origin and 
relevant age (Figure 1.9a). The presence of the tectonically highly sheared and weathered 
geological formations of the alpine basement as well as of the neogene sediments contributed to 
the periodically induced instability phenomena mainly triggered by heavy rainfalls and human 
activity.  
 

 
 

Figure 1. 8 a Landslide inventory map showing the spatial distribution of the recorded landslide 
occurrences b Landslide frequency index (LFI) map (Sabatakakis et al. 2012) 

 

The spatial distribution of the recorded landslide occurrences is expressed by the Landslide 
Inventory Map shown in Fig. 1.8a. The Landslide Frequency Index (LFI) was also considered (as 
the number of landslides per 100 km2), and the relevant map with a resolution 10 x 10 km was 
compiled (Fig. 1.8b). The highest frequency indices appear in western and central parts of the 
country ranging from 5 to 7 and >7 landslides/100 km2. 
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Figure 1. 9 Digital thematic maps of Greece related to a engineering geological conditions, b digital 
elevation model, c slope angle, d hydrographic network (drainage density) (Sabatakakis et al. 2012) 

 
 

To increase the accuracy of susceptibility mapping ten (10) landslide predisposing factors were 
identified for further study: lithology, slope angle, elevation, hydrographic network-drainage 
density, rainfall, climate, seismicity, land use, road network density and population density. The 
selection of the above controlling factors (predictors) was mainly based on the available inventory 
data, while the broad-scale mapping requirements were also taken into account. Figures 1.9, 1.10 
and 1.11 shows the spatial distribution of individual classes (categories) that each landslide 
predictor has been divided. 
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Figure 1. 10 Digital thematic maps of Greece related to a annual precipitation, b climatic zones, c seismic 
hazard, d land cover (Sabatakakis et al. 2012) 
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Figure 1. 11 Digital thematic maps of Greece related to a road network density, b population density 
(Sabatakakis et al. 2012) 

 
The landslide susceptibility was derived from an algorithm which modeled the estimated 
influence and the interrelations of predictors as a result of multivariate factor analysis 
(Papatheodorou et al. 2006, 2007, Vassiliades 2010). The country area was divided into 1 km x 1 
km pixels. In every pixel area, the Landslide Susceptibility Index (LSI) was estimated from the 
individual classes of the ten predictors and their relative frequency ratings. The LSI values were 
grouped into six relative susceptibility classes as follows: Very low susceptibility (40–50 %), Low 
susceptibility (50–60 %), Moderate susceptibility (60–70 %), High susceptibility (70–80 %), Very 
High susceptibility (80–90 %) and Extremely High susceptibility (90–100 %). Figure 1.12a 
illustrates the landslide susceptibility map finally compiled showing the distribution of LSI classes 
throughout the country while in Figure 1.12b the new landslide locations have been included to 
visualize whether they coincide with the most landslide susceptible classes. 
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Figure 1. 12 a Zoning map showing the distribution of Landslide susceptibility index (LSI) in Greece. b. 
Landslide susceptibility index map including the locations of new landslide occurrences that have been 

used for data validation (Sabatakakis et al. 2012) 
 
 

Expect for the national based effort for landslide susceptibility zonation, certain partial research 
efforts for selected locations across the Greece cross-border region are available such as Kalantzi 
et al. (2010), Ambas et al. (2016) and Kyriou & Nikolakopoulos (2020). However, no official 
landslide hazard map at national/regional level is currently available in Greece.   
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1.2.             Regional/European perspective  

The occurrence and reactivation of landslides is conditioned by a number of terrain and geo-
environmental factors related to slope gradient and morphology, bedrock and soil properties, 
weathering conditions, jointing and structure, land cover/use, surface and ground water flow, etc. 
Landslides can be triggered by natural physical processes such as heavy or prolonged rainfall, 
earthquakes, volcanic eruptions, etc. They can also be triggered by man-made activities such as 
slope excavation and loading (e.g. transport infrastructure and buildings construction, open-pit 
mining), land use changes (e.g. deforestation), rapid reservoir drawdown, blasting vibrations, 
water leakage from utilities, etc., or by any combination of natural and/or man-induced processes. 

Typically, landslide risk analysis contains the following steps: hazard identification, hazard 
assessment, inventory of elements at risk and exposure, vulnerability assessment and risk 
estimation. Landslide risk 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., 2014). Also, landslide hazards often 
occur in conjunction with other types of hazards (e.g. flooding or earthquakes). Error! 
Reference source not found..13, based on Van Westen et al. (2005), gives the general 
framework of multi-hazard landslide risk assessment.  

Landslide susceptibility is the likelihood of a landslide occurring in an area controlled by local 
terrain conditions (e.g. Brabb, 1984; Fell et al., 2008). It predicts “where” landslides are likely to 
occur (Guzzetti et al., 2005). Susceptibility does not consider the temporal probability of a failure 
(i.e. when or how frequently landslides occur), or the magnitude of the expected events, i.e. how 
large or destructive possible failures may be (Committee on the Review of the National Landslide 
Hazards Mitigation Strategy, 2004). A landslide susceptibility map subdivides the terrain into 
zones with differing likelihoods that landslides of a certain type may occur. Landslide 
susceptibility assessment can be considered the initial step towards a landslide risk assessment, 
but it can also represent an end product in itself that can be used in land-use planning and 
environmental impact assessment. This is especially the case in situations where insufficient 
information is available on past landslide occurrence to allow the spatial and temporal 
probabilities of events to be assessed (Corominas et al., 2014). 

Several methods and approaches have been proposed and tested in the literature to ascertain 
landslide susceptibility, including, among others, geomorphological mapping, the analysis of 
landslide inventories, heuristic terrain and susceptibility zoning, physically-based numerical 
modelling, and statistically-based classification methods (Reichenbach et al., 2018). 

It is worth remarking that evaluating landslide susceptibility at small scales (<1:200,000) over 
large areas (entire nations or continents) generally suffers from high generalization, low 
resolution of spatial input data and incomplete landslide inventory information. In this 
framework, data-driven statistical modelling is quite challenging. Nevertheless, efforts have been 
spent recently by different research groups worldwide and valuable studies have been published 
in the literature delivering large-scale maps for landslide susceptibility based on updated datasets. 
Such maps are typically intended for use in disaster planning, situational awareness, and for 
incorporation into decision support systems. 
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Figure 1. 13 Framework of multi-hazard landslide risk assessment from Corominas et al. (2014), based on 

Van Westen et al. (2005). 

Indeed, Stanley and Kirschbaum (2017) built a global landslide susceptibility map from existing 
and previously unavailable data. Data on slope, faults, geology, forest loss, and road networks 
were combined using a heuristic fuzzy approach. The map was evaluated with a Global Landslide 
Catalog developed at the National Aeronautics and Space Administration (NASA, United States 
of America), as well as several local landslide inventories.  

At European scale, an approach for landslide susceptibility evaluation at the continental scale over 
Europe was proposed by Günther et al. (2014), who delivered the European Landslide 
Susceptibility Map ELSUS 1000 version 1. This attempt was undertaken under the auspices of the 
European Landslide Expert Group. The latter was created in 2007 by the Joint Research Centre 
(JRC) in the framework of the European Soil Data Centre (ESDAC) to carry out collaborative 
research in support of European Union soil policy making concerning landslides. The ELSUS v1 
map had 1 km resolution. Unlike previous continental-scale landslide susceptibility studies not 
utilizing spatial information on the events, Günther et al. (2014) collected more than 102,000 
landslide locations in 22 European countries.  
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It is worth mentioning herein also the past initiatives in Europe in this field, such as the research 
projects named LESSLOSS (2004-2007) - Risk Mitigation for Earthquakes and Landslides 
project, SAFELAND (2009-2012) - Living with landslide risk in Europe; assessment, effects of 
global change, and risk management strategies, LAMPRE (2013-2015) - LAndslide Modelling 
and tools for vulnerability assessment Preparedness and REcovery management. One of the 
main deliverables from the mentioned initiatives was guidelines for assessment of landslide 
susceptibility, hazard and risk at different spatial scales along with their pilot applications with 
reference to case-studies.  

Stanley and Kirschbaum (2017) carried out an interesting comparison between the European map 
ELSUS v1 (Günther et al., 2014) and their global map with reference to the territory of continental 
Europe (Error! Reference source not found.). To the maps were assigned integer values 
from 1 (very low susceptibility) to 5 (very high). The European map was then subtracted from the 
global map, so positive values indicate areas where the global map has higher susceptibility and 
negative indicates where the European map is higher. Numerous differences between the global 
and European landslide susceptibility maps can be seen in the comparison in 1.14, taken from 
Stanley and Kirschbaum (2017). It turn out that the European map exceeds the global map over 
large portions of Great Britain and Ireland (brown). The global map shows higher landslide 
susceptibility in most of Portugal and Spain (purple). 

 

Figure 1. 14 Comparison between the European landslide susceptibility map ELSUS v1 by Günther et al. 
(2014) and the global landslide susceptibility map (Stanley and Kirschbaum, 2017). 

Wilde et al. (2018) updated the European Landslide Susceptibility map ELSUS v1 proposed by 
Günther et al. (2014). As shown in Figure 1.15, the levels of spatial probability of generic landslide 
occurrence at continental scale are displayed in the ELSUS v2 map. The methodological approach 
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for the elaboration, validation and classification of ELSUS v2 is the same as the previous version, 
but the new map was prepared with new thematic datasets. Moreover, compared with the 
previous version, ELSUS v2 provides larger geographical coverage, higher spatial resolution (i.e. 
200 × 200 m cell size in contrast to the 1 × 1 km resolution of ELSUS v1) and higher prediction 
model performance. It covers all European Union member states except Malta, and several 
neighboring countries. The map has been produced by regionalizing the study area based on 
elevation and climatic conditions, followed by spatial multi-criteria evaluation modelling using 
pan-European slope angle, shallow sub-surface lithology, and land cover spatial datasets as the 
main landslide conditioning factors. In addition, the location of over 149,000 landslides across 
Europe, provided by various national organizations or collected by the authors, was used for 
model calibration and map validation.  

It is worth remarking that, according to the authors recommendations, ELSUS v2 is to be viewed 
at scales up to 1:200,000 and should not be used to deduce local information on landslide 
susceptibility. 
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(a) 

 
(b) 

Figure 1. 15 European Landslide Susceptibility map ELSUS v2 (Wilde et al., 2018): a) general overview; b) 
zoom to the area under investigation within CRISIS project. 
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2. Landslide Cross-Border Harmonization and Susceptibility Mapping 
  
2.1.             Rationales on landslide hazard model selection  
 
The main prerequisite for any kind of landslide susceptibility assessment is information on spatial 
occurrence of landslide events, even if incomplete. Although many European countries regional 
or national landslide inventories or maps are available with different degrees of completeness, the 
attempt has been overtaken to gather basic spatial information on landslides over European 
territory and the project is known as ELSUS1000(Günther et al. (2014)) and ELSUSv2 (Wilde et 
al. 2018). 
 
ELSUS is known for its small scale (<1: 200,000) landslide susceptibility assessment project over 
large areas (entire nations or continents) which mainly suffers from high generalization, low 
resolution of spatial input data and inventory information of incomplete landslides, making data-
driven statistics to model very difficult. 
 
The map shows a harmonized overview of European landslide susceptibility at 1: 5 Mil. scale. It 
therefore provides a synoptic zoning of the susceptibility to landslides by the cell size of 200 × 
200m. This map shows harmonized digital information on the distribution of consolidated, 
partially consolidated and unconsolidated geological materials on the European territory. The 
database for the Elsusv2 susceptibility maps is free access and can be easily download by request 
on the following website: 

https://esdac.jrc.ec.europa.eu/content/european-landslide-susceptibility-map-elsus-v2 

Based on thorough review on national perspective in the three countries from the Cross Border 
Region, N Macedonia, Albania and Greece as well as available European research projects 
regarding landslide hazards it can be concluded that the Elsus approach is the most suitable 
methodology for harmonized landslide susceptibility and hazard assessment in the Cross Border 
Region. The landslide regional evaluation is presented in the next heading.   

2.2.            Landslide data-regional evaluation based on Elsusv2 methodology. 
 
  
The landslide susceptibility map of the cross-border region of Greece, North Macedonia and 
Albania is presented based on the Pan-European Landslide Susceptibility Map version 2 (ELSUS 
v2, Wilde et al. 2018) (Figure 2.1).  The methodological approach for the elaboration, validation 
and classification of ELSUSV2 is the same as the previous version called ELSUS 1000 reported in 
Günther et al. (2014).  More specifically, a semi-quantitative method is used, combining landslide 
frequency ratios information with a spatial multi-criteria evaluation model of three thematic 
predictors: slope angle, shallow subsurface lithology and land cover. The terrain gradient was 
calculated using the slope algorithm of Horn (1981) and classified into eight classes. The IHME 
1500 lithology information was grouped into 19 classes considering landslide density information, 
class sizes and distributions, and semantic compatibility. The land cover information derived 
from the global GlobCover data set (ESA, 2010), spatially extended to the new countries, was 
reclassified into seven classes as in ELSUS 1000.  
 
Figures 2.2, 2.3 and 2.4 illustrate the adopted terrain gradient, lithology and land cover maps for 
the cross-border region of Greece, North Macedonia and Albania according to ELSUS v2 
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methodology. Figure 2.5 shows confidence (or reliability) levels of the classified landslide 
susceptibility according to ELSIS v2 for the cross-border region calculated either statistically or 
by expert evaluation. A moderate confidence level is considered for the whole Albania cross-
border region and the larger part of Greece cross-border region while no information is provided 
for the N. Macedonia cross-border region. 

 

Figure 2. 1 Landslide susceptibility of the cross-border region of Greece, North Macedonia and Albania 
(where landslide susceptibility 1 = very low; 2 = low; 3 = moderate; 4 = high; 5 = very high). 
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Figure 2. 2 Terrain gradient of the cross-border region of Greece, North Macedonia and Albania  

 

 
Figure 2. 3 Lithology of the cross-border region of Greece, North Macedonia and Albania  

 



WP‐2 | D.2.3  101004830 ‐ CRISIS ‐ UCPM‐2020‐PP‐AG 

 

25 
 

 

 
Figure 2. 4 Land cover of the cross-border region of Greece, North Macedonia and Albania  

 
Figure 2. 5 Confidence level of the cross-border region of Greece, North Macedonia and Albania  
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3. Landslide hazard assessment for the cross-border region and definition 
of landslide triggering scenarios 
 
 
For the purpose of the Crisis project, based on its scope and objectives, the earthquake as a 
triggering effect to cause landslides is taken into consideration to produce landslide hazard maps 
in terms of permanent displacements caused by different earthquake scenarios. Earthquake-
induced landsliding of a hillside slope occurs when the static plus inertia forces within the slide 
mass cause the factor of safety to temporarily drop below 1.0. The value of the peak ground 
acceleration within the slide mass required to just cause the factor of safety to drop to 1.0 is 
denoted by the critical or yield acceleration ac. This value of acceleration is commonly determined 
based on pseudo-static slope stability analyses and/or empirically based on observations of slope 
behaviour during past earthquakes. Starting from the pioneer study of Newmark (Newmark, 
1965), several empirical models are currently available to predict seismically induced 
displacements of sliding masses such as the ones of Jibson (2007), Rathje and Antonakos (2011) 
and Bray and Travasarou (2007). Downslope deformations occur during the time periods when 
the induced peak ground acceleration within the slide mass exceeds the critical acceleration ac. 
Such methods are based on the sliding block assumption providing an index of the dynamic slope 
performance. Fotopoulou and Pitilakis (2015), on the other hand, proposed analytical predictive 
relationships for seismically induced slope displacements based on advanced numerical 
simulations and statistical analysis. 
 
Table 3.1 presents the assigned critical acceleration values as a function of landslide susceptibility 
based on Elsusv2. The suggested ac values based on engineering judgement are in line with the 
ones proposed in Hazus methodology for landslide hazard evaluation (NIBS, 2004; Pitilakis et al. 
2009). Figure 3.1 presents the critical acceleration map for CBR. 
 
Table 3. 1 Critical acceleration values as a function of landslide susceptibility based on Elsusv2. 
 

Susceptibility (Elsusv2) Critical acc. ac[g] 
Very low (1) 0.40 
Low (2) 0.30 
Medium (3)  0.20 
High (4)  0.15 
Very high (5) 0.10 
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Figure 3. 1 Critical acceleration map as a function of landslide susceptibility for CBR 

 
To assess the permanent slope displacement for the different earthquake scenarios, the 
following analytical relationship proposed by Fotopoulou& Pitilakis (2015) is used: 
 

ln 𝐷 2.965 20127 ∗ ln 𝑃𝐺𝐴 6.583 ∗ 𝑘𝑦 0.535 ∗ 𝑀 ε*0.72 
 
 
where, 
 
PGA is the peak ground acceleration at the ground surface in g, 
ky is the yield or critical acceleration ratio/g 
M is Magnitude of the earthquake 
ε is the standard normal variant with zero mean and unit standard deviation 
 
For the Crisis project, the  two seismic scenarios are defined with return periods equal to 475 years 
and 975 years based on ESHM13. Table 3.2 presents the earthquake magnitudes assumed for each 
considered seismic scenario.  
 
Table 3. 2 Selected magnitude value for the predefined Earthquake scenarios 

Earthquake Scenario Selected magnitude value 
M 

Return period 475 years 
(ESHM13) 

6 

Return period 975 years 
(ESHM13) 

7 
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In order to define the PGA value at surface, the V3o map proposed by USGS 
(https://earthquake.usgs.gov/data/vs30/) is used in order to categorize the ground type based on 
Eurocode 8. (Figure 3.2 and Table 3.3). Based on the ESHM13 hazard maps for 475 and 975 years 
scenarios and the Soil factor the PGA surface maps for both return periods are created (Figure 3.3 
and 3.4). 
 
Table 3. 3 Definition of surface PGA based on Ec8 Spectrum type 1 
 

Ground type S (soil) factor  
(EC8, Spectrum type 1) 

A (Vs30>800) 1 
B(360<Vs30<800) 1.2 
C (180<Vs30<360) 1.15 

 
The final product of the landslide hazard zonation is presented by digital maps of expected 
permanent displacements for the pre-defined earthquake scenarios (Figure 3.5 and Figure 3.6). 
The presented approach for the cross-border region is a simple tool which is used to recognize the 
hazardous areas, where only limited available geotechnical and seismological datasets exist. It 
should be pointed out, as mentioned before, that this approach can be a good starting point for 
further alternate approaches-new directions, which are progressively developing into the 
communities dealing with landslide hazard. Also, these maps will contribute into the definition of 
the risk of the infrastructure due to landslide triggering in the further Working Packages of Crisis 
project.  

 
Figure 3. 2 Vs30 map based on USGS for the CBR 
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Figure 3. 3 PGA (475 return period) at surface for CBR 
 

 
 

Figure 3. 4 PGA (975 return period) at surface for CBR 
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Figure 3. 5 Spatial distribution of permanent ground displacement due to landslide (PGD) at the free 
surface for the CBR region for the seismic scenario of 475 years 

 

 
 

Figure 3. 6 Spatial distribution of permanent ground displacement due to landslide (PGD) at the free 
surface for the CBR region for the seismic scenario of 975 years 
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4. Conclusions  
 
In order to assess the landslide hazard at the cross-border region between N. Macedonia, Albania 
and Greece, the following steps were undertaken: 

- thorough review of the current national perspective in terms of available data and research 
for landslide hazard assessment in the three countries 

- thorough review of the available European projects dealing landslides hazard assessment 
and harmonized approach for mapping landslide susceptibility. 

 
Based on the thorough review, the ELsusv2 was selected as harmonized approach for regional 
landslide susceptibility mapping for the cross-border region.  Based on the susceptibility map the 
following observation were made: 
 

- Up to 65% of the territory of the cross border region falls within high and very high 
susceptibility to landslides, which is due to the fact the larger portion of the territory is 
mountainous region 

- Confidence (or reliability) levels of the classified landslide susceptibility according to 
ELSUS v2 for the cross-border region calculated either statistically or by expert evaluation 
is also presented. A moderate confidence level is considered for the whole Albania cross-
border region and the larger part of Greece cross-border region while no information is 
provided for the N. Macedonia cross-border region. 

  
The earthquake as a triggering effect to cause landslides is taken into consideration to produce 
landslide hazard maps in terms of permanent displacements caused by different earthquake 
scenarios. The value of the peak ground acceleration within the slide mass required to just cause 
the factor of safety to drop to 1.0 is denoted by the critical or yield acceleration ac. This value of 
acceleration is commonly determined based on pseudo-static slope stability analyses and/or 
empirically based on observations of slope behaviour during past earthquakes. For the cross-
border region, critical acceleration ac values are assigned to each category of landslide 
susceptibility from the Elsusv2 maps. The suggested ac values based on engineering judgement 
are in line with the ones proposed in Hazus methodology for landslide hazard evaluation (NIBS, 
2004; Pitilakis et al. 2009). Further on, to assess the permanent slope displacement for the 
different earthquake scenarios, analytical relationship proposed by Fotopoulou & Pitilakis (2015) 
is used.  

The final product of the landslide hazard zonation is presented by digital maps of expected 
permanent displacements for the pre-defined earthquake scenarios for 475 and 975 return period, 
respectively. Based on the created maps for 475 years return period permanent displacements are 
expected to be in the range up to 20 cm for some parts in eastern Albania and the southern part 
of cross border region between Albania and Greece. On the other hand, for 975 years return 
period, expected permanent displacements are in the range up to 60 cm with variation of the 
values across the whole territory of the cross-border region.  
 
The presented approach for the cross-border region is a simple tool which is used to recognize the 
hazardous areas, where only limited available geotechnical and seismological datasets exist. It 
should be pointed out, as mentioned before, that this approach can be a good starting point for 
further alternate approaches-new directions, which are progressively developing into the 
communities dealing with landslide hazard. Also, these maps will contribute into the definition of 
the risk of the infrastructure due to landslide triggering in the further Working Packages of Crisis 
project.  
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