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ABSTRACT 
 
 

Azad Kashmir has undergone sever landslide episodes in the past. The main reasons behind the
occurrence of landslides in this area are heavy rainfall, weak geological strata, seismic zones and
active faults. Several episodes of roads blockage due to landslide is one of the major problem in
this area, therefore, this study is carried out for landslide susceptibility analysis along the roads of
Kotli to Trar Khel, Azad Kashmir, NW Sub-Himalayas. Geographic information system (GIS) is
used to interpret remote sensing, geological strata and topographical data. Total ten  anthropogenic
and physical factors (aspects, fault, lithology, drainage density, curvature, distance to roads,
landuse landcover, slope, seismic and elevation) were examined by Multi-criteria Decision
Analysis (MCDA) technique. The thematic layers of all factors were prepared for the preparation
of the final susceptibility map by using a weighted overlay method (WOM). The susceptibility
map classified the study area into four susceptible classes of low, moderate, high and very high.
The spatial analysis and result outcomes depicted that active faults, slope gradient and landuse
landcover may facilitate landslide phenomena. The results were verified by landslide density
analyses (LDA), receiver operator characteristics (ROC) and area under curve (AUC) with
predictive accuracy of 77 % that is rated as satisfactory by many researchers. 
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1. INTRODUCTION 
In mountainous areas, the landslide is a natural 

disaster that can lead to colossal economic-
infrastructure and social-human lives (Regmi et al., 
2010; Vallejo and Ferrer, 2011; Bacha et al., 2018; 
Khan et al., 2019). Landslide is the third most 
disastrous natural hazard that can cause very severe 
causalities (Zillman, 1999; Feizizadeh and Blaschke, 
2011). Landslides are categorized on the bases of 
material types and movement (Cruden and Varnes, 
1996). The movements in natural slopes can be 
initiated by several factors e.g. slope angle, 
earthquake, lithology of strata, precipitation etc. (Cano 
and Tomás, 2013; Oh and Lu, 2015).  

Azad Kashmir is situated in tectonically active 
zones that caused severe damages due to earthquakes. 
The Northern area of Pakistan is one of the most 
precarious zones of the world due to weak geological 
strata, heavy monsoon rainfall and snowfall, steep 
slopes and seismically active area (Basharat et al., 
2016). Many researchers (Basharat and Rohn, 2015; 
Shafique et al., 2016; Ali et al., 2019) reported that 
various landslides were triggered in Kashmir during 
the earthquake of 2005. Petley (Petley et al., 2005)
reported death tolls of 26000 due to the Kashmir 
earthquake. Hattian Bala landslide was triggered by 

the Kashmir earthquake that is situated at a distance of 
30 km approximately from the study area (Dunning et 
al., 2007; Basharat et al., 2012). The surrounding area 
of Balakot was badly affected in terms of life loss due 
to massive landslides (Jadoon et al., 2015). Moreover, 
in  study  area,  landslide  events  may cause very 
severe loss of human life, communication means 
(Highways, telecommunication), buildings/structures 
and industry, etc. For that reason hazard 
zonation/susceptibility mapping, for the forecasting of 
landslide events is one of the important subject to 
mitigate the severe damages by proper strategies, 
preparation and management. 

Landslides inventories and susceptibility maps 
have a vital role in the planning of landslide hazards 
mitigation (Basharat et al., 2016; Erener et al., 2016; 
Bacha et al., 2018). Landslide inventories to assess 
landslide susceptibility zones can be develop by using 
data of satellite images and aerial photos with the help 
of Geographic Information System (GIS) (Chalkias et 
al., 2014; Shafique et al., 2016; Wang and LI, 2017). 
Landslide susceptibility assessments are based on 
qualitative, quantitative and semi-quantitative 
approaches used by various researchers for landslide 
susceptibility mapping (Aleotti and Chowdhury, 1999; 
Fell et al., 2008; Psomiadis et al., 2020). Qualitative 
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approach is very useful as it is based on the expert 
judgement including detailed information of study 
area. Quantitative approach includes numerical ratings 
for controlling factors based on the information of 
previously occurred landslide events. Moreover, semi-
quantitative approach like analytical hierarchy process 
(AHP) is very useful technique if we have excellent 
understanding with the physical and anthropogenic 
parameters of the study area. Therefore, semi-
quantitative approach is implemented in this study to 
get better accuracy. The multiple-criteria decision 
analysis (MCDA) is a combination of weighted 
overlay method (WOM) and analytical hierarchy 
process (AHP) and has better accuracy to detect 
landslide hazards (Kamp et al., 2008; Ahmed, 2015; 
Basharat et al., 2016; Kanwal et al., 2016).  

The compilation of landslide inventory provide 
the systematic information of landslides (Spiker and 
Gori, 2000; Chacon et al., 2006). Landslide 
susceptibility analyses for Balakot, NW Sub-
Himalayas Pakistan was conducted by processing the 
data of topographic, remote sensing and geology by 
using geographic information system (GIS) (Basharat 
et al., 2016). Thematic data layers were developed by 
using nine causative factors and landslide 
susceptibility map was produced in GIS. Geospatial 
techniques were used to identify the landslide 
susceptible villages along Kalsubai region and 
concluded that 9 villages are fall in very high risk, 13 
villages in high risk, 12 villages in moderate risk, 11 
villages in low risk and 14 villages fall in the category 
of very low risk zones (Gawali et al., 2017). Landslide 
susceptibility study for upper Indus river basin was 
undertaken by using GIS techniques and verified by 
landslide inventory mapping and historical data 
(Ahmed et al., 2014). One of the challenging factors 
for geotechnical engineers to assess the safety of road 

cut soil slopes along the national highway and in hilly 
areas stability of slopes is required during the 
construction of roads. The main focus is to mitigate the 
risk of slope failure during the design of roads to avoid 
any loss of life and infrastructures (Rafek et al., 2016). 
Along the various roads of Azad Kashmir, the
landslide is one of the most hazardous phenomena but 
relatively fewer studies have been carried out to 
investigate the critical zones especially along the roads 
of Azad Kashmir. Landslide susceptibility studies 
conducted in the surrounding areas of study area by 
several researchers are tabulated in Table 1. 

This study presents the susceptibility analyses of 
areas from Azad Kashmir to minimize the damages by 
detecting landslide events that may occur in the future. 
Several geologists have contributed to study the slope 
failure assessments but no proper study regarding 
detailed evaluation of the slopes in addition to GIS, 
remote sensing and statistical analyses in the study 
area has been carried out so far. This research will 
demarcate different zones that may cause various 
casualties in the future. One of the landslides was 
observed near Kotli during field visit that may cause 
the blockage of road and traffic communication, 
therefore, this study will play a vital role to identify 
the landslide susceptible zones. 

 
2. STUDY AREA 

The study area lies in NW Sub-Himalayas and 
comprised of two districts (Kotli and Poonch) of Azad 
Kashmir. The designated study area is a mainly 
mountainous region that covers a total area of 228 
square kilometers and road stretch of 71.4 kilometers 
was selected from Kotli to Tata Pani, Tata Pani to 
Hajira and Hajira to Trar Khel. The location map with 
coordinates of the bounded study area is presented in 
Figure 1. Approximately May to October are the 

Table 1 Detail of methods, parameters, and study area of previous works conducted by researchers for landslide 
susceptibility mapping in surrounding areas of study area. 

Authors Study Area *Parameters for Weight Method 
Kamp et al., (2008) Muzaffarabad District 1, 2, 3, 4, 5, 6, 7, 8, 9 Multi-Criteria Evaluation and 

Analytical Hierarchy Process 
Ahmed et al. (2014) Upper Indus watershed 1, 3, 4, 8, 10, 11, 12, 13, 14 Weighted Overlay Method and 

Fuzzy Logic 
Basharat et al. 
(2016) 

BalaKot Tehsil 1, 2, 3, 4, 5, 7, 8, 10, 15 Multi-Criteria Evaluation and 
Analytical Hierarchy Process 

Kanwal et al. 
(2016) 

Shigar and Shyok Basin 
in Karakoram range 

1, 3, 4, 5, 6, 7, 8, Analytical Hierarchy Process 
based heuristic approach 

Khan et al. (2018) Haramosh, Bagrote and 
Nagar valley 

1, 3,4, 5, 6,7, 8, 10, 16 Frequency Ratio 

Bacha et al. (2018) Hunza–Nagar valley 1, 3, 4, 5, 6, 7, 8 Weight of Evidence and 
Frequency Ratio 

Rahim et al. (2018) Ghizer District 1, 2, 3, 4, 5, 7, 8, 13, 16, 
11, 17, 18

Analytical Hierarchy Process and 
Weighted Linear Combination

Ali et. al. (2019) Karakoram Highway 1, 2, 3, 4, 5, 6, 8, 10, 12, 11 Analytical Hierarchy Process and 
Weighted Overlay Method 

* 1) aspect, 2) Elevation, 3) Faults, 4) Lithology/Geology, 5) Land cover, 6) Rivers/Streams, 7) Roads, 8) Slope, 9) Tributaries, 10) Curvature, 
11) Rain, 12) Seismic, 13) Drainage, 14) NDVI, 15) Hydrology, 16) TWI, 17) SPI, 18) Soil texture
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Fig. 1 Overview of tectonic setting in surrounding of the study area including active fault lines and earthquake 
locations with magnitude (USGS Earthquake Catalog, 2020) (Modified after Riaz et al., 2018). 

months of highest temperature with a maximum of 
75- 89 0F and November to April are the months 
of cold weather. The maximum elevation of the study 
area calculated from the digital elevation model is 
1800 to 2100 m. Most of the rainfall episodes repeat 
in the study area for the whole year with a maximum 
average rainfall of 172 mm (6.8 inch). 

The tectonically study area is bounded by HKS 
in the southwest and MBT in the northeast. Nanga-
Parbat Syntaxis and Hazara Kashmir Syntaxis (HKS) 
were developed on the north-western margin of the 
Himalayan orogenic belt. The study area situated near 
the Hazara Kashmir Syntaxis (HKS) as shown in 
Figure 1. The main tectonic features like thrusts and 
faults surrounded by the study area are Salt range 
Thrust/Main frontal thrust, Main Boundary Thrust, 
Jhelum Fault and Muzaffarabad Fault. Geological 
mapping of the study area was assessed based on the 
maps of the Geological Survey of Pakistan (2004) 
(Sheet No. 43, G/14, Scale 1:50,000), satellite images 
and field observations. Precambrian to Quaternary age 
units are observed in the study area, these 

stratigraphical units are highly deformed due to the 
presence of active deformation zones connect with 
major thrusts and faults. The separation of Sub 
Himalayan molasses (at the core of the HKS) and pre-
molasse Lesser Himalayan (at Limbs of HKS) are 
demarcated by Main Boundary Thrust (MBT). Rocks 
from Cenozoic and Precambrian age are prevailing in 
the study area and their representation is marked on 
the geological map. Murree Formation of Early 
Miocene and Kamlial Formation of Middle to Early 
Miocene belong to the Rawalpindi group which 
represents the marine to the continental transition of 
sedimentation after the closure of Neotethys. The 
stratigraphic units present in the study are explained 
from younger units towards older units, respectively. 
Mirpur Conglomerates of Pleistocene age comprises 
poorly sorted conglomerates including pebbles and 
boulders of sedimentary, igneous and metamorphic 
rocks indurated in sandy and clayey matrix. Dhok 
Pathan Formation of Early Pliocene to late Miocene 
age belongs to Siwalik Group that consists of 
sandstone of grayish color, fine to medium grained, 
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 medium to thick bedded along with silty clay and in 
upper part lenses of conglomerates are present. Dhok 
pathan formation overlies the Rawalpindi Group in the 
study area. Murree Formation composed of dark red to 
purple and greenish gray sandstone and siltstone beds 
and purple to reddish brown mudstone along with 
lenses of conglomerates. Similarly, Kamlial 
Formation comprised of purple greyish to reddish 
medium to coarse grained sandstone with interbeds of 
mudstone and conglomerates. Patala Formation of 
Paleocene age comprised of shale and nodular, 
crystalline, dark gray to light 3 brown limestone with 
underlies the Rawalpindi group in the study area. 
Muzaffarabad Formation (Proterozoic age) consists of 
light to dark gray cherty dolomite in the lower part 
overlain by white to brownish fine-grained quartzite. 

 
3. MATERIALS AND METHODS 
3.1. DATA COLLECTION 

The development of landslide susceptibility map 
based on GIS techniques included several segments 
like the selection of the most relevant causative factors 
that can play important role in triggering of the 
landslide, development of database by the production 
of data layers, allocation of numerical weights to all 
factors and the computation of landslide susceptibility 
model with its validation (Sarkar and Kanungo, 2004). 
Total of ten thematic layers of causative factors 
(aspects, fault, lithology, drainage density, curvature, 
distance to roads, landuse landcover, slope, seismic, 
elevation) were planned with respect to study area to 
develop the final susceptibility map. Therefore, 
Digital Elevation Model (DEM) was used to derive 
geomorphological factors (e.g. slope, aspect, 
elevation, curvature) and drainage. In this regard, 
Advanced Land Observing Satellite (ALOS) 
PALSAR based DEM (12.5 × 12.5 m) was gathered to 
collect the above mentioned parameter of high 
precision with the help of ArcGIS software. Other 
ancillary data including geological maps, faults, roads, 
seismic points were congregated by using map sheets 
of Geological Survey of Pakistan (GSP) in line with 
field verifications and satellite imageries by projecting 
all the collected data sheets in ArcGIS for 
georeferencing using Universal Transverse Mercator 
(UTM-43N) and World Geodetic System 
(WGS- 1984). Furthermore, supervised classification 
in GIS and semi-automatic classification plug-in 
(SCP) of QGIS 2.18’s was used for the extraction of 
landuse landcover by acquired Satellite images 
of Landsat 8 from the web portal of United States 
Geological Survey (USGS). 

 
3.1.1. PREPARATION OF THEMATIC MAPS 

Thematic layers of various causative factors were 
prepared by using raster data in GIS with specific 
classifications. Thematic layer of drainage density was 
prepared by using Arc hydro tool in GIS. A tool of 
multi ring buffer was used to create a buffer of various 
distances around the factors of faults, roads and 

seismic points. Moreover, all vector layers of various 
factors were converted into a digital raster data system 
to prepare different classified thematic layers to derive 
the input parameters for the production of landslide 
susceptibility map by using a weighted overlay 
method in GIS. 

 
3.2. METHODOLOGY 

The initial step for the production of landslide 
susceptibility map is to gather information of 
landslides and preparation of landslides inventory 
based on the collected information from field, aerial 
photographs and satellite imageries. In this study, 
information of the number of landslide and unstable 
slopes were collected from the field visits and marked 
on the map using ArcGIS for further verification of 
developed landslide susceptibility map by using 
analytical hierarchy process (AHP) with weighted 
overlay method. 

 
3.2.1. LANDSLIDE INVENTORY 

A landslide inventory map plays a vital role to 
get all relevant information about the landslides 
events. In AHP, the acquaintance with the causes of 
landslides deriving factors is very important to assign 
the ratings, therefore, landslide inventory maps are 
prepared to determine the impact of geological strata, 
tectonics (faults etc.), hydrological and geo-
morphological factors on the occurrence of the 
landslide. Inventory maps can be prepared on the basis 
of gathered information from satellite images, field 
visits, previous landslide events, data from relevant 
publications and aerial photographs (van Westen et al., 
2006; Kayastha et al., 2013b). The landslide events 
based on remote sensing can also be identified by the 
comparison of geomorphological features, spatial 
characteristics, contrast and shape (Kumar et al., 
2018). In this study, the landslide inventory map was 
produced  by  using  field data and satellite images 
(Fig. 2). In unstable areas, the landslide features 
including evidence of previous movements, tension 
cracks, escarpment faces, springs, backward rotation 
of trees and boundary of slid masses were recorded. 
Information about the history and frequency of slope 
movements was sought in the field together with the 
knowledge of causative factors and photographs of 
various landslides are shown in Figure 3. The landslide 
inventory was utilized for spatial analyses as well as 
to check the accuracy of developed susceptibility map.

 
3.2.2. WEIGHTS FACTOR ANALYSES USING 

ANALYTICAL HIERARCHY PROCESS (AHP) 
In landslide susceptibility mapping analytical 

hierarchy process (AHP) is a multi-criteria decision 
making approach in which preference values are 
assigned to all landslide contributing factors by spatial 
analysis. The approach of the analytical hierarchy 
process (AHP) was proposed by Saaty in 1970 by 
using pair wise comparison between various factors to 
get values of priorities based on expert experience. In 
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Fig. 2 (a) Location of the Landslides overlaid by the Landsat image that was downloaded from ArcGIS Base 
Map, (b) Geology overlaid by Landsat image showing the main landslide triggering geological strata.

landslide susceptibility mapping, a comparison of all 
causative factors is involved on the basis of pair wise 
matrix (Saaty, 1980).  In the assessment of landslide, 
AHP is one of the useful technique because all factors 
can be included in the process of discussion, well-
structured decision related to the problem, inclusion of 
expert experience, justifiable decision rules, the 
calculated weight of each causative factor based on 
the calculations of eigenvector decision matrix can be 
obtained and any conflicts in the process of the 
decision can be rectified after identification (Kumar et 
al., 2018). The ratings of 1 to 9 are assigned to all 
factors according to their relative importance with 
increasing impact from equal importance (1) to 
extreme importance (9).  In this study, pair wise 
comparison of all factors (aspects, fault, lithology, 
drainage density, curvature, distance to roads, landuse 
landcover, slope, seismic, elevation) is carried out by 
using pairwise comparison matrix and ratings of 1-9 
according to Table 2 are assigned to all those factors 
on y-axis when these factors have greater importance 
as compared to the factors along x-axis. On the other 
hand, the assigned values rated between 1/2 to 1/9 for 
factors having more importance along the x-axis as 
compare to factors of y-axis (Saaty, 2008). The values 
were assigned by using field information, spatial 
analyses and expert opinion. Thus, the weights of all 
factors in the form of eigenvector were obtained based 
on matrix comparison. 

The calculation of consistency index and 
consistency ratio is one of the important part of the 
AHP (Saaty, 1980). Inconsistencies in the process of 
allocation of ratings to all parameters can be avoid by 
using the Consistency Ratio (CR) (Basharat et al., 
2016; Kanwal et al., 2016; Pourghasemi and Rossi, 
2017; Ali et al., 2019). Consistency ratio can be 
formulated as: 

 CR =  CI RI                                                                (1)
 

Where, CI is the Consistency index and RI is stand for 
Random index. CI can be calculated by using this 
expression.  

 CI =                                                                 (2)
 

Where, λ  is the maximum eigenvalue of the matrix 
and n is the total number of controlling factors (Zhou 
et al., 2016). Saaty, (1990) proposed that CR should 
be less than 0.1 for validation of consistent decision, 
CR values greater than 0.1 represents inconsistency in 
the decision and indicate the requirement of revision 
in the judgment. Therefore, in the present study CR 
values less than 0.1 were accepted that represents 
consistency in the decision and values greater than 0.1 
were excluded. Therefore, CR values for subclasses of 
all causative factors were calculated and prioritized by 
assigned ratings based on spatial analysis (Table 2). 
The influence of curvature was easily scaled with 
expert judgment because of only two subclasses. 
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Fig. 3 (a) Debris  flow  near  Kotli  due  to slips  in overburden, (b) Debris flooding the road directly, (c) Yellow 
shade is for the slide in material and yellow dotted circles are locating the possible movement of rockfall 
towards road, (d) Slide in slope material and exposed roots of trees due to movement, (e) Whitish shade 
representing the debris flow along with rockfall, (f) Foundation failure  due  to downward  movement  of 
debris, (g)  Blockage  of  road due  to  severe  rockfall,  (h)  Rockfall  from  the  outcrop  of sandstone,
(i) Debris  flow of overburden towards road, retaining wall is providing support to road against failure, 
(j) Rockfall flooding the road. (For locations see symbols (stars) “T,U,X,Y,Z” in Fig. 6a). 
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Table 2 Pair-wise comparison matrix of causative factors. 

Causative Factors Pair-wise comparison matrix Weight 
(%) 1 2 3 4 5 6 7 8

Aspect   
1 North 1   2.51
2 Northeast 4 1   6.42
3 East 6 1 1   9.49
4 Southeast  8 6 5 1   28.81
5 South 9 7 3 1 1   26.70
6 Southwest 7 5 1 1/3 1/3 1  13.67
7 West 4 1 1 1/4 1/2  1/2 1 8.39
8 Northwest 1 1/2 1/3 1/4 1/6  1/3  1/2 1 4.01

CR= 0.063
Elevation 
1 0-500 1   6.18
2 501-1000 6 1   55.66
3 1001-1500 5 1/3 1   24.55
4 1501-2000 3 1/5 1/2 1   13.60

CR= 0.059
Distance to Fault   
1 0-200 1   27.49
2 201-400 3 1   54.83
3 401-600 1/4 1/6 1   10.18
4 601-800 1/4 1/5 1/2 1   7.50

CR= 0.088
Geological Strata   
1 Surficial Deposits 1   8.09
2 Mirpur Conglomerates 1/2 1   6.12
3 Kamlial Formation 5 4 1   23.52
4 Murree Formation 7 6 2 1   38.61
5 Patala Formation 2 3 1/3 1/6 1   10.08
6 Muzaffarabad Formation 1/2 1/2 1/6 1/8 1/2 1  5.40
7 Dhok Pathan Formation 1/3 1/2 1/6 1/8 1/2  1/3 1 4.87
8 Chinji Formation 1/3 1/2 1/4 1/7 1/3  1/2  1/4 1 3.31

CR= 0.086
Landuse landcover   
1 Urban 1   20.73
2 Water 1 1   17.79
3 Vegetation 1/6 1/3 1   5.46
4 Rock/Soil 4 3 8 1   56.02

CR= 0.061
Drainage Density   
1 Ver Low Density 1   4.89
2 Low Density 2 1   6.91
3 Medium Density 3 4 1   15.02
4 High Density 5 4 2 1   23.04
5 Very High Density 7 6 5 3 1   50.14

CR= 0.068
Distance to Roads   
1 0-50 1   60.796
2 51-100 1/3 1   27.210
3 101-150 1/4 1/3 1   11.994

CR= 0.087
Slope   
1 0-15 1   10.18
2 15-30 5 1   33.95
3 30-45 3 2 1   39.39
4 45-60 2 1/4 1/4 1   11.55
5 >60 1/3 1/6 1/5 1/4 1   4.93

CR= 0.076
Seismicity   
1 X-IX 1   49.73
2 VIII-VII 1/2 1   27.99
3 VI-IV 1/4 1/2 1   16.34
4 III-I 1/6 1/5 1/4 1   5.95

CR= 0.046
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Table 3 Weights of all controlling factors based on pairwise comparison matrix. 

Causative Factors Pair-wise comparison matrix Weights 1 2 3 4 5 6 7 8 9 10 
1 Aspect 1.00       2.33
2 Elevation 2.00 1.00     3.35
3 Distance to Fault 9.00 7.00 1.00   21.09
4 Geological Strata 5.00 2.00  1/4 1.00   8.47
5 Landuse landcover 9.00 8.00 1.00 7.00 1.00   20.12
6 Drainage Density 4.00 2.00  1/3 1/3 1/5 1.00   5.18
7 Distance to Roads 3.00 2.00  1/3 1/3 1/6 2.00 1.00   5.98
8 Slope 7.00 6.00  1/2 3    2.00 3.00 5.00 1.00   20.34
9 Curvature  1/3 0.33  1/4 1/6 1/7 1/3 1/5 1/9 1.00   1.93

10 Seismicity 5.00 3.00  1/3 2.00 1.00 3.00 2.00 1/3 7.00 1.00 11.22

Finally, at the completion, each factor was assigned by 
a specific weight (Table 3) and CR value remained 
below 0.1 that represents the consistency, reliability 
and unbiasedness in the judgments of assigned 
weighted criteria. 
 
3.2.3. LANDSLIDE CAUSATIVE FACTORS AND SPATIAL 

DISTRIBUTION ANALYSES 
The causes and failure mode of landslides varies 

according to different locations/ points. The inventory 
of 59 landslides was prepared for study area and 
utilized in spatial analysis and verification of 
susceptible map. The main factors involved in the 
failure of landslides are: topographical, geological, 
geomorphological etc. In this study total ten factors 
were examined that mainly caused landslide failure 
due to the geomorphological, topographical and 
geological conditions of the study area. The raster files 
of all causative factors were generated and reclassified 
based on spatial analysis (Fig. 5) and all factors are 
discussed below in detail. 

 
LITHOLOGY 

The lithology and geological structures always 
play a very important role in the occurrences of 
landslides. Competent lithology with high strength 
of rock or soil can resist or reduce the events of 
landslides and on the other hand, poor lithology with 
weak strength can host disastrous landslides 
occurrences and may cause damages of human life, 
infrastructures, communication means and economy 
of the country. In various studies (Yalcin et al., 2011; 
Sharma and Mehta, 2012) lithology has given greater 
importance in landslide triggering phenomena. In this 
study, maps of the Geological Survey of Pakistan 
(Sheet No. 43, G/14, Scale 1:50,000) have been used 
for the extraction of geological contacts and also 
verified in the field visits where it was possible. The 
geological map (Fig. 4a) revealed that a major part of 
Murree Formation is encountered in the study area that 
consists of shale, sandstone, siltstone, mudstone and 
conglomerates and most of the road cuts are in this 
strata. The Murree Formation rock units show both 
brittle and ductile deformation. Competent lithologies 

have undergone through brittle deformation while soft 
lithologies through ductile deformation. 

 
SLOPE ASPECT 

Aspects of slopes represent the trends of highest 
slopes in cardinal directions (0-360 degree, clockwise) 
and investigated by several researchers (Akgun et al., 
2008; Kayastha et al., 2013a). Aspects with respect to 
rainfall, light of sun and drying winds may also 
consider as controlling factors in landslide failure due 
to sunshine effect with respect to weathering process 
and moisture content of slope material (Awawdeh et 
al., 2018). The parameters of aspect were extracted 
from DEM by using ArcGIS software and classified 
the study area into eight  classes (Fig. 4b). The values 
of classified classes are given as: North (0-22.5), 
Northeast (22.5-67.5), East (67.5-112.5), Southeast 
(112.5-157.5), South (157.5-202.5), Southwest 
(202.5-247.5), West (247.5-292.5), Northwest (292.5-
337.5). Moreover, the difference between lowest and 
highest elevation points is referred to as elevation or 
relative relief. Most of the landslides occur in high 
relief areas (Kavzoglu et al., 2014).  

 
SLOPE DEGREE 

The degree of slope plays a vital role in 
triggering landslides and an important factor to 
analyze it for the landslide susceptibility map and 
frequently used in landslide studies (Goetz et al., 2015; 
Pham et al., 2017). As this is already discussed in the 
geological setting, a major portion of the study area is 
comprised of Murree Formation that consists of 
relatively weak strata. Moreover, orientations 
of discontinuities are an important triggering factor in 
slope failure in rock outcrops along with the angle of 
slopes. As a result of steep slopes, the shear strength 
of underneath weak strata (soil or rock) becomes 
reduced (Pradhan et al., 2010) and caused the 
occurrence of the landslide in the form of toppling, 
wedge failure, circular failure, debris flow, rock fall, 
etc. Therefore, angle of slope varies from 0-90 degree, 
from which slope surfaces near to zero degree (0o) 
slope becomes more gentle (safe) and increase in slope 
degree make slopes steeper (unstable) along with other 
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 causative failure factors. The study area is comprised 
of hills with various degrees of slopes and also verified 
in the field, therefore, slopes are categorized in five
classes (Fig. 4c) in which values of slope degrees 
varied from 0 to 70o. The ranges of classified classes 
are: 0-15o (gentle slope), 16-30o (Moderate gentle 
slope), 31-45o (Steep slope), 46– 60o and >60o (Very 
steep slopes). The landslide occurrence is associated 
with the high slopes, so most of the landslides or slope 
failure may occur in the category of Steep to Very 
steep slopes. Moreover, gentle and moderate slopes 
behave like near to stable with other supportive slope 
stability factors. 

 
DRAINAGE DENSITY AND ELEVATION 

Drainage density represents the hydrological 
condition of the study area by calculating the length of 
stream river in the area that represents the faster flow 
of surface water and less rate of water infiltration in 
earth surface (Demir et al., 2013; Kumar et al., 2018). 
In this study, Arc hydro Tools of ArcGIS software and 
DEM were used to prepare a drainage density map and 
dendritic type of drainage pattern was found in the 
study area.  Total five classes of drainage density have 
been classified by using spatial analysis and expert 
knowledge (Fig. 4d) and named as Very Low Density, 
Low Density, Medium Density, High Density and 
very High Density. In the study area, the elevation is 
subdivided into four classes and the values are ranged 
from 0-500 m, 500-1000 m, 1000-1500 and 1500-
2000 m (Fig. 4e). 

 
ROADS MAP 

In this study, slope susceptibility mapping is 
especially emphasized along the roads of Districts 
Kotli and Poonch. The road segments are classified in 
three sections from Kotli to Tata Pani, Tata Pani to 
Hajira and Hajira to Trar Khel. Road cutting is one of 
the causative factors of landslides or slope failure 
along the roads of the study area. The distance from 
roads is classified in three classes of 0-50 m, 
51- 100 m, 101-150 m by using multi ring buffer tool 
in ArcGIS (Fig. 4f). 

 
CURVATURE 

The topographical morphology represented by 
curvature and has a relation with the hydrological 
conditions with respect to the occurrences of the 
landslide. Curvature represents the slope’s shape in 
the form of convex and concave (Pourghasemi and 
Kerle, 2016). The values of curvatures are also 
extracted from DEM by using the tool of Curvature in 
ArcGIS software and classifies into two classes 
(Fig. 4g). The evaluated data represents two sets of 
data (negative and positive) and if values of curvatures 
are positive then the slope is upwardly convex and 
negative values will show the concave shape of the 
slope (Ali et al., 2019). Curvature has a relation with 
hydrology because retained water for a longer time 
may cause the occurrence of landslide due to an 
increase in pore water pressure. 

FAULTS AND SEISMOLOGY 
Faults are the major hazardous tectonic feature in 

any area of the earth. Geometry and rupture of faults 
have a great influence on the occurrence of landslides 
(Mahmood et al., 2015). Therefore, movements along 
fault lines can cause severe disastrous events that may 
cause destruction at a large scale. The hilly slopes with 
unconsolidated soil strata may cause landslides by 
shaking and rupture of ground (Jadoon et al., 2015). 
In this regard, fault lines were extracted from the 
Geological Survey of Pakistan (2004) (Sheet No. 43, 
G/14, Scale 1:50,000) and tectonic map (Fig. 1). Total 
four classes were made with the distance of 200 m 
from fault lines by using multi ring buffer tool and 
ranges of classified classes are 0-200 m, 201-400 m, 
401-600 m, 601-800 m (Fig. 4h). Moreover, a seismic 
activity like an earthquake is also one of the major 
tectonic activity that can trigger a very sever 
hazardous event in any part of the world. In the 
vicinity of the study area, a major earthquake in 
tectonically active zones occurred in past that caused 
the occurrence of very destructive landslides. For this 
study, the impact earthquakes were incorporated by 
using earthquake data gathered from USGS as shown 
in Figure 1. The Kashmir earthquake occurred in 2005 
with a magnitude of 7.6 and Pattan earthquake 
occurred in 1974 with a magnitude of 6.0, both of 
these earthquakes caused a huge loss of human life, 
infrastructures and triggered the number of major 
destructive landslides (Riaz et al., 2018). Therefore, 
earthquake points were demarcated near the vicinity of 
the study area and classes were classified with respect 
to intensity. The classified classes are ranged from 
X- IX, VIII-VI, VI-IV and III-I according to the values 
of earthquake magnitude. 

 
LANDUSE LANDCOVER (LULC) 

Landuse landcover (LULC) is one of the most 
important causative factors of landslides in the study 
area. Landcover control the occurrence of landslide 
along with other parameters e.g. slope, geology, 
seismology (Malek et al., 2015). Vegetation provides 
support for the stability of landslides and rock/soil 
strata can cause in triggering of landslides 
(Reichenbach et al., 2014). Various researchers used 
satellite imagery to develop landuse landcover maps 
by using maximum likelihood (ML) supervised 
classification tool in computer aided programs 
(Escape et al., 2013; Butt et al., 2015; Rwanga and 
Ndambuki, 2017). Landsat 8 Satellite image of the 
study area was downloaded from the USGS database 
and orthorectified by using the QGIS 2.18 tool of 
semi-automatic classification plug-in (SCP). 
Furthermore, Satellite images were characterized by 
using maximum likelihood (ML) supervised 
classification tool of ArcGIS and the spectral signature 
file was generated for a total four classes of landcover. 
Finally, landuse landcover map have been generated 
by satellite images, Google earth images, toposheets, 
field verification and total of four classes were 
identified that included Vegetation, Soil/Rock, Water, 
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Urban (Fig. 4i). The final landcover map was prepared 
by the verification of the developed landcover map 
with google earth image and the confusion matrix 
method was used for map validation. Most of the 
slopes in the study area are comprised of vegetation 
that increases the strength of subsurface soil. In study 
area strata of bare rock/soil is declared as most prone 
to landslides events and validation of map depicted 
that maximum landslides occurred in bare soil/rock 
strata. 

 
3.2.4. WEIGHTED OVERLAY METHOD 

Susceptibility maps can be produced by using 
a weighted overlay method (WOM) tool of ArcGIS. 
Several researchers produced susceptibility maps by 
using a weighted overlay method (WOM) 
(Intarawichian and Dasananda, 2010; Basharat et al., 
2016; Shit et al., 2016; Roslee et al., 2017; Ali et al., 
2019). In this study, raster files of all causative factors 
were developed and reclassified by assigning weights 
in the light of the intensity of importance determined 
by AHP (Table 2). Finally, all reclassified layers were 
combined by using WOM in ArcGIS based on this 
equation: 

 𝐒 = ∑ 𝐖𝐢𝐒𝐢𝐣∑ 𝐖𝐢                                                                    (3)
 

Where, S = Sublass weight of jth factor, W =Weight of ith factor, S = Spatial unit for the final map
 
4. RESULTS AND DISCUSSIONS 

In this study, a landslide susceptibility map is 
prepared by using the multi-criteria decision making, 
AHP and WOM methods based on the assessment of 
ten causative factors. In this regard, a road stretch of 
71.4 kilometers was studied from Kotli to Tata Pani 
(29 km), Tata Pani to Hajira (26.4 km) and Hajira to 
Trar Khel (16 km). Several areas pose active zones 
related to landslides and slopes instability during 
heavy rainfall and increase of water level in the season 
of snowmelt. As a result of natural hazards, blockage 
of roads and interruption in traffic flow may cause 
severe problems for inhabitants. A total of 59 
landslides were identified along the road sections and 
assessment of the slope instability mechanism and 
causative factors was also made by visual observation 
and judgement of the slope instability features and 
information gathered from the locals. Moreover, 
thematic maps of all causative factors (aspects, fault, 
lithology, drainage density, curvature, distance to 
roads, landuse landcover, slope, seismic, elevation) 
were prepared by incorporating data from the 
literature, field visits, satellite images, DEM in 
ArcGIS and other computer aided programs. 
Resolution (12.5 m × 12.50 m) is one of the limitation 
for this study because most of the cut slopes were 
missed to record for the study area. The weights of all 
causative factors were assigned based on spatial 
analysis and AHP technique for the development of 
the final landslide susceptibility map. The pair wise 

comparison of subclasses of all factors was performed 
and tabulated in Table 2. The method of Saaty was 
used to determine the consistency ratio (CR) by using 
the Random consistency index (RI) with respect to the 
total number of causative factors (n). The calculated 
values of CR for all subclasses of factors are found 
lower than 0.10. It represents that matrix used for pair-
wise comparison is consistent with reliable 
assessments. Finally, the pair-wise comparison of all 
ten major factors in triggering landslides was made on 
the basis of the AHP method and a consistency ratio 
value of 0.084 (Table 3) was determined that is 
remained below than 0.10 and shows the consistency 
in comparison based on reliable expert assessments. In 
this study, spatial analysis, expert opinion and field 
observations revealed that faults, slopes and LULC are 
the contributing factors in landslide occurrences, 
therefore, the highest weights are assigned to these 
factors followed by other controlling factors (aspects, 
lithology, drainage density, curvature, distance to 
roads, seismic, elevation). 

Landslide susceptibility map was prepared by 
joining all raster layers using a weighted overlay 
method in GIS based on the calculated weights of all 
factors by AHP. The assigned weightage of classes for 
each causative factor is given in Table 2 and the 
cumulative weightage of all causative factors is 
tabulated in Table 3. The spatial analysis, pairwise 
comparison of the matrix and expert opinion revealed 
that fault, slope, geology and landuse landcover are the 
main factors to trigger landslides. Only lower values 
of the matrix are given in Tables 2, 3 because 
according to AHP upper values are the reciprocal of 
the lower matrix section. The highest weight of 21.09 
was assigned to the factor of fault, 20.34 to slopes and 
weight of 20.12 was assigned to landuse landcover. 
The consistency index (CI) for assigned ratings to 
causative factors was used to calculate the consistency 
ratio (CR) and the calculated values of CR were 
remained less than 0.10 that represents the consistency 
in the assigned ratings. Finally, the reclassified 
thematic layers were used for the production of 
landslide hazard zonation map. The resultant map 
of six susceptibility layers (Table 4) was reclassified 
in four susceptible zones and named as low 
susceptible, moderate susceptible, high susceptible 
and very high susceptible (Fig. 6a). The area of all four 
susceptible zones was calculated as low to moderate 
susceptibility zones covered an area of 39.63 % and 
37.29 %. Similarly, the area of 18.10 % and 4.99 % 
represent zones of high susceptible to very high 
susceptible (Fig. 6b). 

In this study, 40 locations of landslides were used 
for spatial analysis and 19 landslide locations were 
used to validate the map. ROC and LDA techniques 
are used for the accuracy assessment of the 
susceptibility map.  The tool of the tabulated area in 
GIS was used to determine the landslide densities of 
respective classes (Table 4). The results predicted that 
most of the landslides were marked in areas of high 
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Fig. 4 Thematic  layers  of  landslide  controlling  factors:  (a) lithology,  (b) slope aspects,  (c) slope degree, 
(d) drainage density, (e) elevation, (f) distance to roads, (g) curvature, (h) distance to faults, (i) landuse 
landcover cover. 
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Fig. 5 Relation  of  landslide occurrence frequency and controlling factors: (a) Slope, (b) Landuse landcover, 
(c) Geological strata, (d) Aspect, (e) Elevation, (f) Distance to fault. 

 

Susceptibility 
Level 

No. of 
Landslides 

Area (km2) 

1 0 0.906635 
2 0 88.504060 
3 10 84.131850 
4 20 40.835870 
5 25 11.090860 
6 4 0.170648 

Table 4 Total numbers of landslides with respect to 
susceptibility classes and areas. 

and very high susceptibility and few landslides were 
located in moderate to low susceptible areas. The 
results showed that most of the landslides are fall 
towards high susceptible zones that predicted strong 
agreement with the accuracy of the map. Many 
researchers (Pradhan et al., 2010; Ahmed, 2015; Lee 
and Dan, 2015; Shahabi and Hashim, 2015; Basharat 

et al., 2016; Deng et al., 2017; Ali et al., 2019) used 
ROC technique to validate the map accuracy 
assessment. Therefore, in this study ROC is also used 
to predict the accuracy of the map by using a graphical 
plot of true positive rate (TPR) and false positive rate 
(FPR). Moreover, correctly predicted landslides are 
plotted on y-axis as TPR and falsely predicated 
landslides are plotted on x-axis as FPR. The efficiency 
of the model can also be determined by the Area under 
curve (AUC) in a graphical plot. AUC may range 
between 0.5 to 1.0 based on the accuracy of the model, 
the model will be ideal if the graphical plots show the 
curve/ values close to 1.0 and if the trend of values are 
towards 0.5 it shows random results/inaccuracy 
(Nandi and Shakoor, 2010; Kumar and Anbalagan, 
2016; Ali et al., 2019). In this study, AUC was found 
0.77 (77 %) accuracy (Fig. 7) and previous researchers 
rate this value as a satisfactory relation of 
susceptibility map. 
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Fig. 6 (a) Landslide  susceptibility  map  (Area  with  symbol  (star)  “T,U,W,X,Y,Z”  is shown in Fig. 3), 

(b) Total numbers of landslides with respect to susceptibility classes and areas. 

Fig. 7 Accuracy assessment of susceptibility map by receiver operating curve (ROC) and area under curve 
(AUC). 
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5. CONCLUSIONS 
The landslide susceptibility map of the study area 

along the road stretch of Kotli to Trar Khel, NW Sub-
Himalayas, Azad Kashmir were examined by using 
the analytic Hierarchy Process (AHP) and weighted 
overlay method (WOM). The thematic layers of ten 
causative factors including aspects, fault, lithology, 
drainage density, curvature, distance to roads, landuse 
landcover, slope, seismic and elevation were prepared 
by using computer aided program GIS. Each factor 
was assigned by numerical weights with respect to
their relative importance to trigger the landslide that 
was based on spatial analysis, expert opinion and best 
observations. The final susceptibility map was 
classified into four categories according to their 
hazardous effects: very high susceptible, high
susceptible, moderate susceptible and low susceptible. 
Total fifty nine landslides were identified in the study 
area during the field visit and by using Landsat 
imageries. The final susceptibility map depicted that 
23 % area marked as high to very high susceptible and 
the majority of landslide identified in these zones due 
to prevailing weak geological strata of Murree 
Formation, active faults, landuse & landcover, degree 
of slopes and seismic activities. Moreover, human 
construction near weak/disturbed overburden strata, 
steep slopes and in the vicinity of active faults of these 
zones are unsafe and may cause loss of lives due to 
destruction in the future. Moreover, 37 % area of 
moderate susceptible zone can be developed for 
construction with the recommendation of geotechnical 
engineer and a low susceptible zone of 40 % area may 
consider as safe for development due to gentler slopes 
and high vegetation etc. The predicted accuracy of 
77 % by ROC and AUC validate a good relation 
between assessed susceptible zones and landslide 
occurrence. This study provides sufficient information 
for government planning departments, engineers and 
the public to save lives and construction damages by 
proper remedial measurements for hazardous zones. 
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