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Abstract. The aim of this paper is to show the susceptibility to sliding in the 
Krupanj area. Intense rainfall in May 2014 triggered many landslides in western 
Serbia. The Krupanj area was particularly affected by this event. The material 
damage occurred affected the awareness of the importance of knowing the   
locations that are prone to sliding. Therefore, from 2014 to 2021, field research 
was carried out in the Krupanj area. During this period a large amount of  
landslide data were collected by engineering geological mapping. These data 
were used for susceptibility analysis. For present study the analytical hierarchy 
process (AHP) and weight overlay (WO) tool were used. Nine factors were 
used for susceptibility analysis: slope, aspect, curvature, elevation, lithology, 
distance from rivers, faults, boundary’s and land cover. In order to be able to 
make a comparison, all factors were evaluated using the Saaty scale, so that the 
weights of the individual factors were obtained. The weight values obtained  
by AHP were used in GIS tool. Final map was validated by ROC analysis. The 
validation results show accuracy of 77,1% (good) for model.  

Key words: Krupanj,  
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Апстракт. Циљ овог рада је да прикаже подложност клижењу у општини 
Крупањ. Интезивне падавине у мају 2014. покренуле су многа клизишта 
у западној Србији. Овим догађајем посебно је погођена општина Крупањ. 
Настала материјална штета утицала је на свест о значају познавања 
локација које су склоне клижењу. Због тога су, у периоду од 2014. до 
2021., изведена теренска истраживања на подручју општине Крупањ. 
Током овог периода инжењерскогеолошким картирањем прикупљена је 
велика количина података о клизиштима. Ови подаци су искоришћени 
за анализу подложности на клижење. За овај рад, коришћен је 
аналитички хијерархијски поступак (АХП) и ГИС алат за преклапање 
тежина (WO). За анализу подложности коришћено је девет фактора: 
нагиб, аспект, закривљеност, надморска висина, литологија, удаљеност 
од река, раседа и граница и земљишни покривач. Да би ови фактори 
могли међусобно да се упореде процењен је њихов значај помоћу 
Сатијеве скале, тако да су добијене тежине сваког фактора. Овако 
добијене вредности су затим коришћене за добијање карте подложности 
на клижење. Добијена карта подложности је затим потврђена помоћу 
ROC анализе. Резултати валидације показују да је њена тачност 77,1 % 
што значи да је модел добар. 
 

Кључне речи: Крупањ,  
подложност, АХП, клизишта, 
анализа, преклапање тежина.



Introduction 
 

There are various methods used to define land‐
slide susceptibility. All these methods can be grouped 
into qualitative or quantitative (SOETERS & VAN WESTEN, 
1996; GUZZETI et al., 1999). Qualitative methods are 
subjective and the susceptibility is expressed in de‐
scriptive terms. Quantitative methods are based on 
numerical expressions of the relationship between 
factors and landslides (ALLEOTI & CHOWDHURY, 1999). 
The quantitative approaches include: analytic hierar‐
chy process (KOMAC, 2006; MYRONIDIS et al., 2016; 
HUANG et al., 2020; AKSHAYA et al., 2021), analytic net‐
work process (NEAUPANE & PIANTANAKULCHAI 2006; 
GHESHLAGHI & FEIZIZDEH, 2017), fuzzy logic (KRITIKOS & 
DAVIES, 2015; PALAU et al., 2020), logistic regression 
(ABEDINI et al., 2017; CHEN et al., 2018), multivariate 
statistical approach (SCHICKER & MOON, 2012; VESSIA et 
al., 2020) and weight linear combination (AYALEW et 
al., 2004; HUNG et al., 2016).  

Several investigations have been carried out for 
the municipality of Krupanj since 2014. The first in‐
vestigations were carried out for the purpose of 
defining locations threatened by sliding (DJOKANOVIĆ, 
2015, 2016). ABOLMASOV et al. (2017) made the first 
assessments of the terrain`s susceptibility to land‐

slides in the municipality of Krupanj using AHP 
and WoE method. ĐURIĆ et al. (2017) represent a 
cadaster of landslides that occurred after heavy 
rainfall in 2014 using satellite images. MARIJANOVIĆ 
et al. (2018) did a landslide risk assessment on the 
road network of the municipality of Krupanj. 

The aim of the present study is to produce a sus‐
ceptibility map using analytic hierarchy process 
(AHP) with GIS weight overlay tool (WO) in Krupanj 
area in the western Serbia. Intense rainfall in May 
2014 triggered many landslides in western Serbia. 
The Krupanj area was particularly affected by this 
event. The material damage occurred affected the 
awareness of the importance of knowing the loca‐
tions that are prone to sliding. Therefore, from 2014 
to 2021, field research was carried out in the Kru‐
panj area. During this period a large amount of land‐
slide data was collected by engineering geological 
mapping (ĐOKANOVIĆ, 2021, 2022). These data were 
used for susceptibility analysis. 

The Krupanj area is located on the right bank of 
the Drina River and belongs to the Mačva district 
(Fig. 1). The area is about 341 km2. It borders 
Loznica, Mali Zvornik, Ljubovija, Osečina, Kocelje‐ 
va and Šabac. The area has around 17.000 inhabi‐
tants. It belongs to the hilly – mountainous terrain. 
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Fig. 1. Study area.



The town of Krupanj is located in the valley of the 
rivers Čađavica, Bogoštica, Kržava and Likodra. It is 
surrounded by the Boranja, Jagodnja and Sokolske 
mountains. This area has a moderate continental cli‐
mate with elements of submountain in higher alti‐
tudes. The mean annual amount of precipitation is 
around 926 mm. 
 
 
Methodology 
 

The landslide susceptibility in the Krupanj area 
was determined using the AHP and the GIS weight 
overlay tool. AHP is quantitative method that 
allows expert evaluation. It is based on the com‐
parison of factors and determination of their weight 
values. The importance of the factors is determined 
by the numbers 1 to 9 (Table 1). To make a decision, 
SAATY (2008) advises following steps: define the 
problem, structure the decision hierarchy, construct 
a set of pairwise comparison matrices and weight 
the elements. 

Landslide susceptibility maps without validation 
are less meaningful (CHUNG & FABBRI, 1998). ROC 
graph is a very useful tool for visualizing and eva‐
luating data (FAWCETT, 2006). In this study both 
LSM maps were validated using receiver operating 
characteristics (ROC) analysis and area under curve 
(AUC). The AUC value is always between 0 and 1. A 
good model has a range from 0,5 to 1,0. 

Landslide data 
 

The existing landslide map is very essential for 
studying the relationship between the distribution 
of landslides and the factors (POURGHASEMI et al., 
2012). Landslide inventories are essentially factual 
in nature (FELL et al., 2008). The map of landslides 
in the study area was created on the basis of data 
from the field study and satellite images from 
Google Earth. Landslide data collected from satellite 
images were verified in the field (ĐOKANOVIĆ, 2021). 
A total of 1632 landslides were registered in the in‐
vestigation area (Fig. 2). The minimum area of the 
landslide is 1,883 m2, the maximum 172,011 m2. 
The total area of the landslides is 27,79 km2, which 
is 8,15 % of the Krupanj area (Figs. 3,4). Landslides 
in study area are shallow to deep, with rotational, 
translation or complex sliding surface. Landslides 
data were used for validation in ROC analysis. 

 
Landslide factors 

 
There are no strict guidelines for factors that 

must be taken into susceptibility analysis. The  
chosen criteria depend on the study area, its  
characteristics and the available data. The elements 
that affect slope stability are numerous and varied 
(VARNES, 1984). Depending on the characteristics of 
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Table 1. The Saaty fundamental scale. 

Fig. 2. Landslide map of Krupanj area. 



the area, 9 factors were used for the analysis, i.e. 
slope, aspect, curvature, elevation, faults, rivers, 
lithology, boundary and land cover (Fig. 5). 

Among the geomorphologic factors, slope, aspect, 
elevation and curvature were included in the analy‐

sis. These factors were created using a digital terrain 
model (DTM) with a spatial resolution of 30 m by the 
Geodetic Agency of the Republic of Serbia.  

Slope is the most commonly used criterion for 
landslide susceptibility, although the relationship  
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Fig. 3. Landslides in Krupanj area. 



between slope and stability is complex. In general, as 
slopes become steeper, their instability increases. 
Field observations show that this is not always the 
case. According to VARNES (1984), the steepest slopes 

are not always those most prone to failure. He found 
that many steep slopes of competent rock are more 
stable than comparatively gentle slopes of weak ma‐
terial. Therefore, the slope gradient is not a decisive 
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Fig. 4. Landslide locations on Google Earth (pictures are from 2016).



factor for landslide susceptibility. The steepest slo‐ 
pe in the study area is 60°. Accordingly, the slopes 
(Fig. 5) were classified into 5 classes (Table 2). 

Aspect is also considered as a landslide‐related 
factor (POURGHASEMI et al., 2012) and is often used in 
susceptibility analysis. The orientation of slopes is 
important because they are exposed to the sun, 
wind, snow and precipitation. Therefore, north‐facing 
slopes are more prone to landslides than south‐facing 
slopes. This is because south‐facing slopes receive 
more sun and therefore evaporation is higher. The 
aspect map (Fig. 6) was created in the GIS and then 
divided into 5 classes (Table 2). 

Curvature is one of the factors influencing the 
occurrence of landslides (POURGHASEMI et al. 2012). 
The term curvature is defined as the rate of change 
of slope gradient or aspect usually in a particular di‐
rection (WILLSON & GALLANT, 2000). According to 
SHARMA & MAHAJAN (2019), curvature represents the 
susceptibility of slopes to erosion and the current 
slope morphology. Both profile and planar curva‐
ture are used in the susceptibility analysis. The pro‐
file curvature is the curvature in the vertical plane 
parallel to the slope direction. It is the measure of 
the rate of change of the slope gradient. The planar 
curvature has an influence on the convergence or 
divergence of water during runoff (NEFESIUGLU et al., 
2008; POURGHASEMI et al., 2012). Planar curvature 
was used in this study. The classification for the cur‐
vature is concave, planar and convex (Fig. 6).  

Altitude is also one of the most important factors 
for slope stability. According to DAI & LEE (2001), 
rocks at very high elevations usually have a very 
high shear strength, at medium elevations the 
slopes are covered with a thin diluvium layer that is 
more prone to landslides, and at very low elevations 
the landslide risk is very low because the terrain is 
gentle and covered with a thick diluvium layer and 
residual soil. The elevations were derived from the 
DEM with a pixel size of 30 x 30 m using the ArcMap 
tool. The study area has an elevation ranging from 
144 to 967 m, which is classified into five classes 
using the natural brakes method (Fig. 6). 

Faults are structural elements that represent 
weakened parts. Fault zones increase landslide po‐
tential by creating steep slopes and sheared, weak‐
ened rock (WACHAL & HUDAK, 2000). In general, the 
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Fig. 5. Factors for landslide susceptibility of Krupanj. 

Table 2. Factors and classes of study area. 



frequency of landslides decreases with increasing 
distance from faults (SARKAR et al., 1995). Different 
authors use different buffer zones. For example, 
ABEDINI et al. (2017) use 1500 m, AKSAYA et al. (2021) 
and GÖKHAN (2019) 100 m, JAZOULI et al. (2019) 200 
m buffer, BISWAS et al. (2023) 2 km and BAHRAMI et al. 
(2021) different buffer zones. For the study area, the 
faults were obtained from the geological map at a 
scale of 1:25.000. The buffer zones are subdivided 
according to the frequency of occurrence. It is found 
that the zones near the boundaries are more sus‐
ceptible to sliding. The map of the distance of faults 
(Fig. 7) was divided into 5 classes (Table 2). 

Water is a major factor in the behavior of slopes 
(LEROUEIL, 2001). Rivers affect slope stability by 

eroding the toe of the slope, saturating the slope and 
causing the water level to fluctuate (JANJIĆ, 1979; 
GÖKCEO GLU & AKSOY, 1996). Therefore, the distance to 
rivers is one of the controlling factors for the stability 
of a slope (POURGHASEMI et al., 2012). In general, the 
frequency of landslides decreases with increasing 
distance from the drainage line. This can be attribu ‐
ted to the fact that the increased groundwater level 
during storms and the terrain modification caused by 
gully erosion can influence the initiation of landslides 
(DAI & LEE, 2001). There is no consensus in the liter‐
ature on the width of the buffer zone. Some authors 
such as ABEDINI et al. (2017) use 50 m buffers, GÖKHAN 
(2019) uses 100 m and BAHRAMI et al. (2021) use a 
200 m zone. The study area was affected by heavy 
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Fig. 6. Thematic maps of various factors: a. slope, b. aspect, c. elevation, d. planar curvature. 
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rainfall that caused numerous landslides (2014). The 
map of the rivers was created from the topographic 
map at a scale of 1:25.000. This map shows that the 
study area has a very dense drainage network. It is 
assumed that the zones near the boundaries are 
more susceptible to sliding. The distances to the 
rivers (Fig. 7) were divided into 5 classes (Table 2). 

Landslides are greatly controlled by lithology. 
Lithology is the most important parameter in land‐
slide studies, as different lithological units have dif‐
ferent susceptibilities (DAI et al., 2001; YALCIN, 2007). 
Lithology includes the composition, fabric, texture 
or other attributes that influence the physical  
behavior of rocks and engineering soils (VARNES, 
1984). These properties are very important for 
determin ing the shear strength, permeability, 
weathering and other characteristics of soils and 
rock that affect slope stability (VARNES, 1984). The 
lithologic map was created from the engineering ge‐
ological map of the study area at a scale of 1:25.000 
(Fig. 6). The main lithological units in this study are 
low crystalline rocks of Paleozoic age, represented 
by phyllites, Permian sandstones and mudstones, 
lime‐stones, granodiorites, dacito–andesites, pyro‐
clastites, Neogene clays and sands, and Quaternary 
sands, gravels and clays. In the south there is a small 
area dominated by cherts, mudstones and sand‐
stones within the “diabase – chert formation”. 

Another factor that affects the occurrence of land‐
slides is the boundaries between the lithological units 
where landslides frequently occur. Field observations 
in the study area show that some landslides occur in 
this zone. The boundaries were taken from the engi‐
neering geological map of the study area (Fig. 6). It is 
assumed that the zones near the boundaries are 
more susceptible to sliding. The distance from the 
boundaries was divided into 5 classes (Table 2). 

Land cover also has an effect on slope stability 
(WACHAL & HUDAK, 2000). In general, vegetation in‐
creases slope stability. VARNES (1984) emphasizes 
the importance of vegetation: forests retain a con‐
siderable amount of rainwater, remove a large 
amount of water from the soil through evapotran‐
spiration and reduce erosion and runoff. In addition, 
the root system increases the shear resistance of the 
mass and soil cohesion and reduces the effect of cli‐
matic influences by protecting the mass from sun, 

rain and wind. However, some landslides were trig‐
gered in the forest area during recent events (2014). 
The land use map was created using Corine Land 
Cover from the Copernicus Land Monitoring Service. 
Based on this data, forest areas cover 46 % of the 
study area (Fig. 6). The land cover was divided into 
4 classes (Table 2). 
 
 
Results and discussion 
 

To create WO map each factor is assigned a 
weight in percentage determined by AHP (Table 3). 
The consistency ratio for the comparison  
matrix is 0,094, which is less than 0.1. Based on the 
weighting values obtained, we see that lithology 
(27,8%) and slope (22%) are of the greatest impor‐
tance. This is followed by land cover (18,5%), dis‐
tance from rivers (12,2%), distance from boundaries 
(7,6%), distance from faults (5,1%) and elevation 
(3,1%). Aspect (2 %) and curvature (1,4 %) are the 
least important, mainly due to their high variability, 
and are therefore, not a decisive factor in suscepti‐
bility analysis. The low importance of aspect and 
curvature in Serbia is also confirmed in the research 
by TEŠIĆ et al. (2020).  

All weights are added up to 100 percent. The WO 
map was classified into four classes: very low, low, 
high and very high (Fig. 7). The results show that 
the high class is the most represented and covers an 
area of 206 km2 or 55,70 % of the total study area. 
The very high class and the low class are equally 
represented. The very high class covers an area of 
78 km2, which corresponds to 21,13 % of the total 
study area. The low class covers an area of 80 km2 
or 21,73 % of the total study area. The very low class 
is the least represented, covering 5 km2 or 1,43 % 
of the total study area.  

The landslide susceptibility maps (LSM) were 
evaluated using ROC analysis. The analysis was per‐
formed using the ARCSDM toolbox for ArcGis. After 
installing the tool in the  ArcGis toolbox, the raster 
landslide map was taken as the true positive and the 
raster LSM map was taken as the classification 
model and the area under the curve (AUC) was cal‐
culated (see Fig. 8). The LSM map with an existing 
landslide is shown in Fig. 9. The AUC value for the 
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Fig. 7. Thematic maps of study area of various factors: a. lithology, b. fault distance, c. boundary distance, d. river distance, e. land cover. 
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LSM map is 0,771, which indicates that the model 
has a good accuracy (77,1%). Based on the shape of 
the ROC curve, we can say that it is a discrete model. 
The statistical representation of the landslide 
classes is shown in Fig. 10. 

 
 

Conclusions 
 

This paper presents the application of the AHP 
method with the ArcGis weight overlay tool to 
create a landslide susceptibility map of the Krupanj 
area in western Serbia. This area was particularly  
affected by intense rainfall in 2014. Since then, 
numerous investigations have been carried out. 

In the period 2014‐2021, about 1632 landslides 
were registered in this area. Nine factors were ana‐

Table 3. Comparison matrix of landslide factors. 

Fig. 8. Landslide susceptibility map. Fig. 9. Landslide susceptibility map with existing landslides. 

Fig. 10. Landslide classes.  
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lyzed to create susceptibility map: slope, aspect,  
curvature, elevation, lithology, distance to rivers, 
faults, boundaries and land cover. The landslide sus‐
ceptibility map was obtained by expert AHP and GIS 
weight overlays. The results show that lithology and 
slope are the most important factors in the study 
area. Aspect and curvature are the least significant 
factors in the area. On the LSM map, almost 77% of 
the study area belongs to the very high and high  
susceptibility areas. The areas where the risk is high 
require more detailed investigations and engineer‐
ing prevention measures. 

The LSM map was validated using the ROC graph 
and AUC value. The accuracy of the LSM obtained 
by WO is good. Four classes could be distinguished 
on the WO map. The map produced in this study 
can be used by spatial planners and experts for 
decision making. Susceptible zones required for 
construction purposes need further engineering 
geological and geotechnical considerations. The be‐
havior of the models used to generate the suscep‐
tibility map can be affected by the selection of 
influencing factors and landslide information. 
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Резиме 
 
Процена подложности на клижење 
помоћу методе аналитичког 
хијерархијског процеса и ГИС 
тежинског преклапања: студија 
случаја подручја општине Крупањ у 
западној Србији 
 
Клижење је један од најчешћих и најзна ‐

чајнијих савремених геолошких процеса (ЈАЊИЋ, 
1969). Да би се умањио негативан утицај кли ‐
зишта неопходно је познавати зоне склоне кли ‐
жењу. Карте подложности на клижење (ЛСМ) 
дају важне информације планерима и инжење ‐
рима који осмишљавају или спроводе стратегију 
коришћења земљишта(WACHAL & HUDAK, 2000). 
Подложност на клижење, за општину Крупањ, 
одређена је помоћу метода аналитичког хије ‐
рархијског процеса (АХП) и тежинског прекла ‐
пања (WO). Општина Крупањ је нарочито била 
погођена интезивним падавинама у мају 2014. 
које су покренуле бројна клизишта која су 



SONJA ĐOKANOVIĆ

Geol. an. Balk. poluos., 2024, 85 (2), 79–9292

изазвала велику материјалну штету. Због тога 
је велика пажња посвећена проблемима кли ‐
зишта на овом простору. У периоду од 2014. до 
2021. на овом подручју и зведена су инжењер ско ‐
геолошка истраживања у оквиру неколико 
различитих пројеката. Прикупљени подаци иско ‐
ришћени су за процену подложности на клижење 
овог подру чја. За процену подложности коришће ‐
но је девет фактора: нагиб, орјентација, закри ‐
вљеност, надморска висина, удаљеност од раседа, 
удаље ност од река, удаљеност од граница, 
литолошки састав и коришћење земљишта. АХП 
је квантитативна експертска метода код које се 
значај фактора одређује помоћу бројева из 
Сатијеве скале а кроз матрицу поређења. Код 
примене ГИС алата за тежинско преклапање 
ради дефинисања значаја фактора коришћене су 
тежине добијене помоћу АХП методе. На основу 
матрице поређења у ГИС‐у је добијена карта 
подложности за истражно по дручје. На основу 
тежинских вредности може мо закључити да 
највећи значај имају литологија и нагиб падина. 
Затим следе коришћење земљи шта, удаљеност 
од река, уда љеност од граница, удаљеност од 
раседа и над морска висина. Најма њег значаја за 
настанак клизишта на истражном подручју су 
оријента ција и закривљеност.  Добијена карта је 

класификована у четири класе (веома ниске, 
ниске, високе и веома високе подложности). 
Најзаступљенија је класа високе подложности 
на клижење која захвата по вршину од 206 km2 

или 55,70 % односно нешто више од половине 
истражног подручја. Класа веома високе подло ‐
жности захвата 78 km2 или 21,13 % истражног 
подручја, а класа ниске подложности 80 km2 
односно 21,73 % истражног подручја. Најмање је 
заступљена класа веома ниске подложности 
која захвата само 5 km2  или 1,43 % истражног 
подручја. На крају, валидност карте подложно ‐
сти је провере на помоћу ROC криве и AUC 
вредности. За добијену карту подложности 
вредност AUC је 0,771 што значи да је њена 
тачност добра (77,1 %). Ове карте могу да се 
користе од стране експерата за потребе про ‐
сторног планирања. Зоне које су дефинисане као 
осетљиве и веома осетљиве захтевају даља ин ‐
жењерскогеолошка и геотех ничка разматрања 
приликом изградње објеката. Модел осетљиво ‐
сти на клижење неког подручја зависи од избора 
фактора и података о кли зиштима. 
 

Manuscript received September 30, 2023 
Revised manuscript accepted January 17, 2024 

 


