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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.

Anctpakr. Llnb oBor pajia je ja IpuKake MOJJIOXKHOCT KJIMKekby Y ONIUTHHU
Kpynam. UHTe3uBHe nasaBrHe y Majy 2014. mokpeHysie Cy MHOTa KJM3ULITA
y 3anaaHoj Cp6uju. OBuM forahajem moce6HO je morohena onmrruHa Kpynat.
Hacrana mMaTepujasnHa mTeTa yTHULAAA je Ha CBECT O 3HA4ajy NO3HABamwa
JIOKallMja Koje Cy CKJIOHe KJMXewy. 360T Tora cy, y nepuoay og 2014. no
2021., u3BeeHa TEPEHCKA UCTpaKMBaka Ha NMoApPydjy onuTuHe Kpynam.
TokoM OBOT epHo/ja NHKEeHEPCKOTe0JI0UIKUM KapTHPakheM NPUKYII/beHa je
BeJIMKa KOJIMYMHA [TolaTaKa 0 KJAU3UIITUMA. OBU NOJALM Cy HCKOpUILheHU
3a aHaJu3y NOAJIOKHOCTH Ha KJWXewe. 3a OBaj paj, kopuuheH je
AHAJUTHYKU XHujepapxujcku noctymnak (AXIT) u 'MC anaT 3a npekjanawme
TexkuHa (WO). 3a aHa/M3y NoJJI0XKHOCTH KopulheHo je feBeT dakTopa:
Haru6, acneKT, 3aKpPUBJbEHOCT, HAZIMOPCKA BUCHHA, JIUTOJIOTH]a, y/la/beHOCT
0/l peKa, paceJia ¥ rpaHUlla U 3eM/bUILIHU NOKpuUBay. /la 61 oBu pakTopH
Morsiin Mehyco6HO fAa ce ymopejie NpolielkeH je HhbUXO0B 3Hadyaj nomMohy
CatujeBe ckaJe, Tako Ja cy Jo0ujeHe TexxuHe cBakor ¢axtopa. OBako
JlobujeHe BpeJHOCTH Cy 3aTUM KopuliheHe 3a o6Ujarbe KapTe N0/JI0KHOCTH
Ha KJWxemwe. JlobujeHa KapTa MOJJI0XKHOCTH je 3aTUM IToTBpheHa nomohy
ROC anasnuze. Pe3ystaTu Basujanuje nokasyjy Za je beHa taddHoct 77,1 %
IITO 3HAYM Jia je MoZeJ1 Ao6ap.

" Geological Survey of Serbia, Rovinjska 12, 11000 Belgrad.
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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;
GHESHLAGH! & FE1z1zDEH, 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; Hunc 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 (DjokANoVIC,
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. Duri¢ et al. (2017) represent a
cadaster of landslides that occurred after heavy
rainfall in 2014 using satellite images. MARIJANOVIC
etal. (2018) did a landslide risk assessment on the
road network of the municipality of Krupan,;.

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 (Pokanovi¢, 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 Macva district
(Fig. 1). The area is about 341 km? It borders
Loznica, Mali Zvornik, Ljubovija, Osecina, Kocelje-
va and Sabac. The area has around 17.000 inhabi-
tants. It belongs to the hilly - mountainous terrain.
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The town of Krupanj is located in the valley of the
rivers Cadavica, Bogostica, Krzava 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.

Table 1. The Saaty fundamental scale.

Intensity
of Definition Explanation
importance
1 Equal importance Two activities contribute equally to the
objective
3 Moderate importance Experience and judgment slightly favor
one activity over another
5 Strong importance Experience and judgment strongly favor
one activity over another
7 Very strong or An activity is favored very strongly over
demonstrated importance another, its dominance demonstrated in
practice
9 Extreme importance The evidence favoring one activity over
another is of the highest possible order of
affirmation
2,4,6,8 |Intermediate values between | When comprise is needed
the two adjacent judgments

Landslide susceptibility maps without validation
are less meaningful (CHUNG & FaBBRrI, 1998). ROC
graph is a very useful tool for visualizing and eva-
luating data (FAwcetrT, 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.
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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 (Pokanovi¢, 2021).
A total of 1632 landslides were registered in the in-
vestigation area (Fig. 2). The minimum area of the
landslide is 1,883 m? the maximum 172,011 m2
The total area of the landslides is 27,79 km? 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

Fig. 2. Landslide map of Krupanj area.

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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Fig. 3. Landslides in 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-

82

Failed slope

Yegetation cover

.

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. 4. Landslide locations on Google Earth (pictures are from 2016).

between slope and stability is complex. In general, as are not always those most prone to failure. He found
slopes become steeper, their instability increases. that many steep slopes of competent rock are more
Field observations show that this is not always the  stable than comparatively gentle slopes of weak ma-
case. According to VARNES (1984), the steepest slopes terial. Therefore, the slope gradient is not a decisive

Geol. an. Balk. poluos., 2024, 85 (2), 79-92 83
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Fig. 5. Factors for landslide susceptibility of Krupanj.

Table 2. Factors and classes of study area.

Layers

Classes

Values

Slope (°) 0-5 2
5-10
10-20
20-30
>30
Aspect Flat
N,NENW
EW
SE,SW

S

Curvature

Planar

Concave

Convex

Elevation (m)

<200

200-300

300-500

500-700

> 700

Distance from faults (m)

0-450

450-900

900-1300

1300-2000

> 2000

Distance from rivers (m)

0-120

120-300

300-460

460-550

> 550

Lithology

Sand, gravel, clay, alluvium

Limestone, dolomite, diabase-chert
formation

NP RN [was|o|R o |w|s o |w s o]k o]k N |ws (o= e w]o s

Pyroclastites

w

Dacito-andesites, sandstone and
claystone permian, granodiorites

S

Neogen clay and sand, crystalline rocks
deluvium clay and sand

[3;1

Distance from boundary (m)

0-300

300-1000

1000-2000

2000-3000

> 3000

Land cover

Urban, artificial

Forest, broad-leaved, coniferous, mixed

Woodland, shrub

Agriculture, Pastures, grasslands, arable
land, complex cultivation

Gw N[ R RN |w & o

84

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 Da1 & LEg (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 & Hupak, 2000). In general, the

Geol. an. Balk. poluos., 2024, 85 (2), 79-92
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Fig. 6. Thematic maps of various factors: a. slope, b. aspect, c. elevation, d. planar curvature.

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, Aksava et al. (2021)
and GOkHAN (2019) 100 m, JazouLl 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
(LerouklL, 2001). Rivers affect slope stability by

Geol. an. Balk. poluos., 2024, 85 (2), 79-92

eroding the toe of the slope, saturating the slope and
causing the water level to fluctuate (Janji¢, 1979;
GOKCEOGLU & 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
(Dar & 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, GOKHAN
(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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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; YaLciy, 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
determining 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). Itis
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 & Hupak, 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,
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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 TEeSiC 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 km? 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 km?, which corresponds to 21,13 % of the total
study area. The low class covers an area of 80 km?
or 21,73 % of the total study area. The very low class
is the least represented, covering 5 km? 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

Geol. an. Balk. poluos., 2024, 85 (2), 79-92
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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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Table 3. Comparison matrix of landslide factors.

Lithology Slope Land cover Rivers Boundary Faults Elevation | Aspect | Curvature
Lithology 1 2 3 3 5 5 7 9 9
Slope 1 2 3 5 5 7 7 9
Land cover 1 3 5 5 7 7 8
Rivers 1 3 3 5 5 7
Boundary 1 3 5 5 7
Faults 1 3 5 6
Elevation 1 3 5
Aspect 1 3
Curvature 1
Weight 27,85 22,05 18,52 12,24 7,60 5,15 3,15 2,03... 1,42
; = ; ; ; ; ; . -
* Jor. W =
g W<¢>f B AT g g “@' &
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Fig. 8. Landslide susceptibility map.

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 thatitis 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.
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Fig. 9. Landslide susceptibility map with existing landslides.
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Fig. 10. Landslide classes.

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

Geol. an. Balk. poluos., 2024, 85 (2), 79-92
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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.

Acknowledgements

Data used in this paper were collected in the period
2014-2021 for the needs of Beware project, Office for
aid and reconstruction of flooded areas and Ministry of
mining and energy Republic of Serbia. [ would like to thank
the two anonymous reviewers for their suggestions and
comments.

References

ABEDINI, M., GHASEMYAN, B. & MoGappaMm, R.M.H. 2017. Land-
slide susceptibility mapping in Bijar city, Kurdistan
Province, Iran: a comparative study by logistic regres-
sion and AHP models. Environmental Earth Sciences,
76:308.

ABoLMAsov, B., KrusSi¢, ]J., ANDREJEV, K., MARjANOVIC, M.,
Stankovi¢, R. & Duri¢, U. 2017. Primena AHP i WoE
metode u proceni podlozZnosti terena na klizenje za
podrudje opStine Krupanj [Application of AHP and
WoE methods for landslide susceptibility assessment on

Geol. an. Balk. poluos., 2024, 85 (2), 79-92

Krupanj municipality - in Serbian, with an English
abstract]. Izgradnja, 71: 239-246.

AKSHAYA, M., DaNuMaH, J.H., SaHA, S., AjiN, R.S. & KURIAKOSE,
S.L. 2021. Landslide susceptibility zonation of the
Western Ghats region in Thiruvananthapuram district
(Kerala) using geospatial tools: A comparison of the
AHP and fuzzy-AHP methods. Safety in extreme envi-
ronments, 3: 181-202.

ALLEOTI, P. & CHOWDHURY, R. 1999.Landslide hazard assess-
ment summary review and new perspectives. Bulletin
of Engineering Geology and Environmental, 58: 21-44.

AvALEW, L., YaMAGISHI, H. & Ucawa, N. 2004. Landslide sus-
ceptibility mapping using GIS based weighted linear
combination, the case in Tsugawa area of Agano river,
Nigata prefecture, Japan. Landslides, 1: 73-80.

BaHraMI, Y., HassaNg, H. & MacGHsoub], A.2021. Landslide sus-
ceptibility mapping using AHP and fuzzy metho
sin the Gilan province, Iran. GeoJournal, 86: 1797-1816.

Biswas, B., RaHAMAN, A. & BARMAN, |. 2023. Comparative as-
sessment of FR and AHP models for landslide suscep-
tibility mapping for Sikkim, India and preparation of
suitable mitigation techniques. Journal of Geological
Society of India, 99: 791-801.

Brass, E. 1984. Innovative approaches to landslide haz-
ard mapping. 4 International symposium on Land-
slides, 307-324.

CHUNG, C.J.F. & FaBBRI, A.G. 1999. Probabilistic prediction
models for landslide hazard mapping. Photogramm
Engineering Remote Sensing, 65: 1389-1399.

Dal, F.C. & LEg, C.F. 2001. Terrain-based mapping of land-
slide susceptibility using a geographical information
system: a case study. Canadian Geotechnical Journal,
38:911-923.

DEMIR, G. 2019. GIS-based landslide susceptibility map-
ping for a part of the north Anatolian fault zone be-
tween Resadiye and Koyulhisar (Turkey). Catena, 183.

boxkanovig, S. 2015. Landslides induced by intensive rain-
fall in western Serbia (May 2014). Proceedings of the
2™ Regional symposium on landslides - ReSyLab,
Beograd, 175-180.

boxkanovic, S. 2016. Landslides and damage to buildings
as a result of intense rainfall in Krupanj. Tehnika, 1:
48-55 (in Serbian).

DPokanovi¢, S. 2021. Osnovna inZenjersko-geoloska karta
1:100 000 - list Zvornik [Basic engineering geological
map 1:100 000 - sheet Zvornik - in Serbian]. Geoloski
zavod Srbije, Beograd.

89



SoNJA DoKANOVIC

DPokanovi¢, S. 2022. Osnovna inZenjersko-geoloska karta
1:100 000. Tumac za list Zvornik L34-123 [Basic en-
gineering geological map 1:100 000. Explanatory
booklet for the sheet Zvornik - in Serbian]. Geoloski
zavod Srbije, Beograd.

bokanovi¢, S. & TrBojJEvIC, D. 2018.Damage caused by
landslides in Serbia from 2009-2016 (in Serbian).
17 Serbian Geological Congress, Vrnja¢ka Banja,
663-667.

Duri¢, D., MLADENOVIC, A., PESIC-GEORGIADIS, M., MARIJANOVIC,
M. & ABoLMAsov, B. 2017. Using multiresolution and
multitemporal satellite data for post-disaster land-
slide inventory in the Republic of Serbia. Landslides,
14: 1467-1482.

FACETT, T. 2006. An introduction to ROC analysis. Pattern
Recognition Letter, 27: 861-874.

FELL, R., COROMINAS, J., BONNARD, C., CAscINI, L., LERO], E. &
SavaGg, W.Z. 2008. Guidelines for landslide suscepti-
bility, hazard and risk zoning for land-use planning.
Engineering Geology, 102: 85-98.

FIroMASA, M. & ABay, A. 2019. Landslide assessment and
susceptibility zonation in Ebantu district of Oromia
region, western Ethiopia. Bulletin of Engineering Geo-
logy and Environmental, 78: 4229-4239.

GHESHLAGHI, H.A. & FEIzIZADEH, B. 2017. An integrated ap-
proach of analytic network process and fuzzy based spa-
tial decision making systems applied to landslide risk
mapping. Journal of African earth sciences, 133: 5-24.

GOkceoGLy, C. & Aksoy, H. 1996. Landslide susceptibility
mapping of the slopes in the residual soils of the Men-
gen region (Turkey) by deterministic stability analy-
ses and image processing techniques. Engineering
Geology, 44: 147-161.

GUNTER F., REICHANBACH, P., MALET, ].P., VAN DER BECHANAUT, M.,
HERvis, J., Dasuwoop, C. & GuzzeTi, F. 2013. Tier-based
approaches for landslide susceptibility assessment in
Europe. Landslides, 10: 529-564.

GuzzeTT], F., CARRARA, A., CARDINALLI, M. & REICHENBACH, P.
1999. Landslide hazard evaluation: a review of cur-
rent techniques and their application in a multi-scale
study, Central Italy. Geomorphology, 31: 181-216.

GuzzeTTl, F., ARDIZZONE, F., CARDINALLI, M., GALLI, M., REICHEN-
BACH, P. & Rossi, M. 2008. Distribution of landslides in
the Upper Tiber River basin, central Italy. Geomor-
phology, 96: 105-122.

Huang, F., Cao, Z., Guo, J., Jiang, S.H., L1, S. & Guo, Z. 2020.
Comparisons of heuristic, general statistical and ma-

90

chine learning models for landslide susceptibility pre-
diction and mapping. Catena, 191: 104580.

Hung, L.Q., Van, N.T.H., Duc, D.M., Ha, L.T.C., Son, P.V,, KHANH,
N.H. & Bing, L.T. 2016. Landslide susceptibility map-
ping by combining the analytical hierarchy process
and weighted linear combination methods: a case
study in the upper Lo river catchment (Vietnam).
Landslides, 13: 1285-1301.

Janji¢, M. 1969. Inzenjerskogeoloske odlike terena NR
Srbije [Engineering geological characteristics of ter-
rains of national republic of Serbia - in Serbian].
Naucna knjiga, Belgrade, Serbia.

Janji¢, M. 1979. InZenjerska geodinamika [Engineering
geodynamics - in Serbian]. Rudarsko-geoloski fakul-
tet, Belgrade, Serbia.

JazouLl, A., BARAKAT, A. & KHELLOUK, R. 2019. GIS-multicri-
teria evaluation using AHP for landslide susceptibility
mapping in Oum Er Rbia high basin (Morocco). Geo-
environmental disasters, 6: 3.

Komac, M. 2006. A landslide susceptibility model using
the Analitical Hierarchy Process method and multi-
variate statistics in perialpine Slovenia. Geomorpho-
logy, 74: 17-28.

KriTikos, T. & Daviges, T. 2015. Assessment of rainfall-
generated shallow landslide/debris-flow susceptibility
and runout using a GIS-based approach: application to
western Southern Alps of New Zealand. Landslides, 12:
1051-1075.

LEE, S. & MIN, K. 2001. Statistical analysis of landslide sus-
ceptibility at Yogin, Korea. Environmental Geology, 40:
1095-1113.

LEROUEIL, S. 2001. Natural slopes and cuts: movement and
failure mechanisms. Géotechnique, 51: 197-243.

MARIJANOVIC, M., ABoLMASOV B. & MILENOVIC, S. 2018. Pro-
cena rizika od kliziSta na putnoj mrezi opStine Kru-
panj [Road network landslide risk assessment in the
Krupanj municipality - in Serbian, with an English ab-
stract]. Put i zivotna sredina, Vrsac, 491-500.

MyRoONIDIS, D., PapaGEORGIOU, C. & THEOPHANOUS, S. 2016.
Landslide susceptibility mapping based on landslide
history and analytic hierarchy process (AHP). Natural
Hazards, 81: 245-263.

NEAUPANE, K.M. & PIANTANAKULCHAL, M. 2006. Analytic net-
work process model for landslide hazard zonation.
Engineering geology, 85: 281-294.

NEFESIUGLU, H., DuMAN, T. & DurmAzZ, S. 2008. Landslide
susceptibility mapping for a part of tectonic Kelkit

Geol. an. Balk. poluos., 2024, 85 (2), 79-92



Landslide susceptibility assessment by implementing the analytical hierarchy process in GIS weight overlay tool....

Valley (Eastern Black Sea region of Turkey). Geomor-
phology, 94: 401-418.

PaLau, R.M., HURLIMANN, M., BERENGEUER, M. & SEMPRE-
Torres, D. 2020. Influence of the mapping unit for
regional landslide early warning systems: comparison
between pixels and polygons in Catalonia (NE Spain).
Landslides, 17: 2067-2083.

PourGHASEMI, H.R., PRADHAN, B., GokcteocGLy, C. & M0oEZZI,
K.D. 2012. Landslide susceptibility mapping using
a spatial multi criteria evaluation model at Haraz Water-
shed, Iran. In: PRADHAN, B. & BUCHROITHNER, M. (Eds.).
Terrigenous mass movements. Springer Berlin, Heidel-
berg, 23-49.

Saary, T. 1980. Decision making with the analytic hier-
archy process. International Journal of Services Sci-
ences, 1: 83-89.

Saary, T. 1990. How to make decision: The analytic hier-
archy process. European Journal of Operational Re-
search, 48: 9-26.

Saary, T. 2008. Decision making with the analytic hierar-
chy process. International Journal of Services Sciences,
1: 83-98.

SARKAR, S., KANUNGO, D.P. & MEHROTRA, G.S. 1995. Landslide
hazard zonation: a case study in Garhwal Himalaya,
India. Mountain Research and Development Journal,
15:301-309.

SCHICKER, R. & MooN, V. 2012. Comparison of bivariate and
multivariate statistical approaches in landslide sus-
ceptibility mapping at a regional scale. Geomorphol-
ogy, 161-162: 40-57.

SOETERS, R. & vaAN WESTEN, C. 1996. Slope instability recog-
nition, analysis and zonation. Landslides, Special
report, 247:129-177.

SHARMA, S. & MaHajaN, A.K. 2019. A comparative assess-
ment of information value, frequency ratio and ana-
lytical hierarchy process models for landslide
susceptibility mapping of a Himalayan watershed,
India. Bulletin of Engineering Geology and Environ-
mental, 78: 2431-2448.

SUNARIC, D., JEVREMOVIC, D. & NEDELJKoVIC, S. 2002. Analiza
Steta izazvanih nekim savremenim geodinamickim
procesima u Srbiji [Analysis of damage caused by some
modern geodynamic processes in Serbia - in Serbian].
XIII simpozijum o hidrogeologiji i inZenjerskoj geologiji.
Herceg Novi, 295-300.

TESIC, D., DPORDEVIC, ]., HOLBLING, D., PORBEVIC, T., BLAGOJEVIC,
D., Tomi¢, N. & Luki¢, A. 2020. Landslide susceptibility

Geol. an. Balk. poluos., 2024, 85 (2), 79-92

mapping using AHP and GIS weighted overlay
method: a case study from Ljig, Serbia. Serbian Journal
of Geosciences, 6: 9-21.

VAN WESTEN, C., RENGERS, N., TERLIEN, M. & SOETERS, R. 1997.
Prediction of the occurrence of slope instability phe-
nomena through GIS based hazard zonation. Geologis-
che Rundschau, 86: 404-414.

VARNES, D. 1984. Landslide hazard zonation: a review of
principles and practice. Unesco.

VEssIa, G., D1 Curzio, D., CHiauDANI, A. & Rusy, S. 2020. Regional
rainfall threshold maps drawn through multi-
variate geostatistical techniques for shallow land-
slide hazard zonation. Science of the total environment,
705:135815.

WacHAL, D.J. & Hupak, P.F. 2000. Mapping landslide sus-
ceptibility in Travis County, Texas, USA. GeoJournal,
51:245-253.

WILSON, ].P. & GALLANT, ].C. 2000. Terrain analysis principles
and applications. Wiley, New York.

YALCIN, A. 2007.Environmental impacts of landslides:
a case study from East Black Sea region, Turkey. Envi-
ronmental Engineering Sciences, 24: 821-833.

Pe3ume

[IpoueHa NoAJI0)KHOCTH HA K/IMKEHe
nomohy MeToae aHa/IMTUYKOT
xujepapxujckor npoueca u 'MC
Te>KUHCKOT NpeKJjanama: CTyauja
cjyyaja moapydja onmutuHe Kpynamw y
3anagHoj Cpouju

Knnxemwe je jesaH o Hajyewrhux U Haj3Ha-
YajHUjUX CAaBPEMEHHUX Ie0JIONIKUX Tpolieca (JABUE,
1969). /la 64 ce yMawkbHO HeraTUBaH yTULA] KJIU-
3UILITA HEONIXO/[HO je TO3HAaBaTH 30He CKJIOHE KJIU-
)emwy. KapTe noasioxkHOCTH Ha kianxkewe (JICM)
Jlajy BaxkHe nHdopMaliyje miaHepuMa U UHXeHe-
pHUMa KOjU OCMUI/bABA]jY UJIU CIIPOBOJE CTPATErUjy
kopuuihemwa 3emspuinTa(WACHAL & Hupak, 2000).
[Io10’)KHOCT Ha KJIWXKeme, 3a oNTHHY Kpynam,
ozapebheHa je moMohy MeTo/la aHaJIUTUYKOT XHje-
papxujckor npoueca (AXII) ¥ TeXHHCKOT NpeKJia-
nama (WO). OnwrtuHa Kpynaw je HapouuTo 6uJia
noroheHa UHTe3UBHUM NaJilaBMHaMa y Majy 2014.
KOoje Cy NOKpeHy/e OpojHa KJM3UILTA Koja Cy
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M3as3BaJia BeJIMKy MaTepUjajiHy uTeTy. 360r Tora
je BesMKa Makma nocBeheHa npob6JjeMyUMa KJu-
3UILITA HA 0BOM mpocTopy. ¥ nepuoay ox 2014. go
2021. Ha 0BOM NOAPYYjY U 3BeJleHa CY NHXKEeHepCKO-
reoJsiollKa HCTPaKMBawka Yy OKBUPY HEKOJUKO
Pas/JIMYUTUX NIpojeKaTa. [IpUuKyI/beHU nojany UCKo-
puiheHH cy 3a NPOLeHY NOAJI0XKHOCTH Ha KJIKEHe
OBOT MO/ pYyYja. 3a MPOIeHY MOAJI0XKHOCTH Kopuiiihe-
HO je feBeT ¢pakTopa: Harub, opjeHTaLuja, 3aKpHU-
BJbEHOCT, Ha/IMOPCKa BUCHHA, YAA/bEHOCT OJf paceia,
YAa/beHOCT O0J, peKa, yAa/beHOCT O0J, TpaHulla,
JINTOJIOLIKU cacTaB U Kopullhemwe 3emMsbulTa. AXII
je KBaHTUTATHBHA eKCIIepTCKa MeTo/a KO/, Koje ce
3Havaj ¢aktopa ogpebhyje momohy OGpojeBa u3
CaTujeBe ckasie a kpo3 MaTpuny nopehema. Ko
npuMeHe ['MC anaTta 3a TEXHWHCKO IpeKJalame
paau geduHUCcaba 3HA4Yaja pakTopa KopUiheHe cy
TexxuHe Jjo6ujeHe nomohy AXII meToze. Ha ocHOBY
MaTpulle nopehemwa y 'MC-y je mobujeHa kaprta
NOJJIOXKHOCTH 33 UCTPAXKHO nozpydje. Ha ocHOBY
TEXXUHCKUX BPEJHOCTH MOKEMO 3aKJ/bYYUTH [ia
HajBehu 3Hauaj UMajy iMTOJIOTMja ¥ HAarub naiuHa.
3aTuM cieje Kopuuherwe 3eM/bUIITA, YAAa/bEHOCT
O/l peKa, Y4a/beHOCT O TPaHULa, YAA/bEHOCT O/
pacena 1 HaAMOpPCKa BUCKMHA. HajMamwer 3Ha4aja 3a
HacTaHaK KJIM3UIITA HAa UCTPAKHOM MOJAPYYjy CY
opujeHTalMja U 3aKpuB/beHOCT. [lo6ujeHa KapTa je
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kJacupUKOBaHA Y YeTUPHU KJace (BeoMa HMCKE,
HUCKe, BUCOKE U BeoMa BUCOKe MOJJIOKHOCTH).
HajsacTyn/beHuja je Kjaca BUCOKE NOAJIOKHOCTHU
Ha KJIMXKeHe KOoja 3axBaTa MoBpIIKHY of 206 km?
uin 55,70 % oAHOCHO HeIlITO BHIle O/ TI0JIOBUHE
HCTpaXHOT nozpydyja. Ksiaca BeomMa BHCOKe 10OAJ10-
»KHOCTH 3axBaTa 78 km? unu 21,13 % uctpaxkHor
nozipydja, a KJjaca HUCKe MoAJoxkHOCTH 80 km?
ofHOCHO 21,73 % uctpaxHor noApyyja. HajMame je
3acTyl/beHa KJjaca BeoMa HUCKe MOJJI0XKHOCTH
Koja 3axBara camo 5 km? wuiu 1,43 % uctpakHor
noApydja. Ha kpajy, BaIMJHOCT KapTe I0JJI0XKHO-
ctu je npoBepeHa nomohy ROC kpue u AUC
BpeJJHOCTU. 3a A00UjeHy KapTy MOJJI0XHOCTH
BpenHocT AUC je 0,771 mTo 3HauM Ja je HeHa
TayHocT Ao06pa (77,1 %). OBe kapTe mMory aa ce
KOpUCTe OJi CTpaHe eKcllepaTa 3a MoTpebe Hpo-
CTOPHOT IIJIaHUPama. 30He Koje cy AedHHHUCAHE Kao
oCceT/bMBE U BeOMa OCeT/bHBe 3aXTeBajy Ja/ba UH-
YKeHhepPCKOreoJIolIKa U re0TeXHUYKa pasMaTpama
NPUJIIMKOM U3rpajte objekaTa. Moges oceT/bHUBO-
CTH Ha KJIM>KeHe HEKOT Io/ipyyja 3aBUCH o, u360pa
dakTopa 1 MoAaTaka 0 KJU3UIITUMA.
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