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ABSTRACT: This paper presents landslide susceptibility mapping technique for Murree, a northern area of Pakistan using 

Geographic Information System (GIS) and Remote Sensing techniques. Geoinformation based technique used to identify and analyze 

the areas susceptible to land sliding and slope failure is Weight-of-Evidence. The study focuses on a particular area of Murree having 

an area of 300 km2. The factors assessed in this study that influence landsliding in Murree area are elevation, slope, drainage, 

geology (lithology), seismotectonic settings and vegetation index. A spatial database was developed using Geographical Information 

System (GIS) Database Management System. Elevation, slope and drainage were derived from topographical datasets; lithology 

from geological datasets and vegetation index from Landsat 8 imagery. Then by using Weight of Evidence (WoE) method, final 

landslide susceptibility map was developed. Results of study indicated that approximately 75% of the study area, is geologically 

unstable and at high risk of land sliding. Furthermore, slope instability was identified using GIS, as a key factor in triggering 

landslides in Murree. Results of this study would be helpful in regional and construction planning, geohazard studies and disaster 

management. 
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1. INTRODUCTION 

 Murree, a hilly northern area of Pakistan, due to its geography 

and geo-tectonic settings, is prone to earthquake activity and 

rainfall. Also, anthropogenic activities like deforestation, 

construction of roads, make the area prone to land sliding. The 

town of Murree lies 50 km to the northeast of Islamabad, the 

capital city of Pakistan. Area of interest (AoI) in this study is a 

part of Murree town having an area of 300 km2. The study area 

stretches its boundaries from 73°20'22.32" East and 

33°53'53.80" to the North (Figure 1). The study area mainly 

consists of Murree and Chorgali Formation consisting of 

sandstone, shales and loosely bound slope forming material, 

thus providing a favorable zone for the geological faults to 

traverse and cause failure. Sedimentary rocks of this region are 

highly deformed due to tectonic stresses and active geological 

faults, thus, excessive land sliding activities occur in the in the 

study area The study area, Murree, also lies in the seismically 

active zone due to the active Murree Boundary Thrust (MBT) 

and the slopes are moderately steep to highly steep, varying up 

to 750. Jhika Gali Landslide and Upper and Lower Dewal 

Landslide are some of the major historical landslides in Murree.  
 

 

 

2. OBJECTIVE OF THE STUDY 
 

The objective of this study is to identify and categorize zones 

those are prone to slope failure (land sliding) using 

Geoinformatics. Study also aims at establishing a relationship 

between landslide and its various triggering factors in Murree 

hills area using GIS based Weight of Evidence (WoE) method. 

     

3. WEIGHT OF EVIDENCE METHOD 

Weight of evidence (WoE) is a quantitative ‘data driven’ 
method used to combine datasets (Pradhan et al., 2012).  WoE 

method was originally developed for the identification of 

mineral deposits. Recently, this method has been applied for 

landslide susceptibility mapping (Bui et al., 2008, Bonham 

Carter 2002, Lee et al., 2002). According to Bonham-Carter’s 
definition of positive and negative weights:  

 

                                

Where,  

P – Probability of landslide occurrence 

B – Presence of landslide predictive factor 

 – Absence of landslide predictive factor 

D – Presence of landslide  

 – Absence of landslide  

W+ (positive weight) and W- (negative weight) indicate a 

positive and negative correlation between the presence of the 

predictive variable and the landslides, respectively (Bui et al., 

2008). A detailed description of this modeling is mentioned by 

Bonham-Carter (Bonham-Carter, 2005). 

4. DATASETS AND METHODOLOGY 

The evidential themes considered for landslide occurrence in 

this study are Digital Elevation Model (DEM), slope, aspect, 

and lithology which were modelled in GIS environment, and 

then, analyzed. 30m Shutter Radar Topography Mission 

(SRTM) DEM was used to extract slope gradient and slope 

aspect patterns; SPOT-5 (2.5 m Spatial Resolution) was used as 

high resolution Satellite Imagery to develop 3D model. 

Figure 1. Location Map of Study Area 
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Geological map from Geological Survey of Pakistan (GSP) was 

used as base map to digitize lithology. General locations, 

topology and settlement data was digitized from Survey of 

Pakistan GT sheet. All these thematic maps were made digital 

using GIS advance techniques. Figure. 1 shows the 

methodology in the form of a flowchart.  

 

 

Figure 2. Methodology Flowchart 

5. RESULTS 

The results of the WoE modeling depicted that areas having 

slope higher than 450
are more vulnerable to failure. Hence, 

slopes less than 200
are stable and unlikely to fail. The results 

also inferred that areas which are close to Murree Thrust / Main 

Boundary Thrust (MBT) are prone to land sliding. Land sliding 

prone areas identified by GIS and Remote sensing tools using 

high resolution SPOT-5 Satellite Imagery (Spatial resolution: 

2.5m), were then marked and verified on field. Landslide 

triggering factors assessed for the study are slope, geology, 

NDVI, drainage and seismicity (Figure 3). GIS based geological 

map showed that a major contributing factor of land sliding in 

the study area is the weak rocks of Murree and Chorgali 

formation (maroon shale rock in higher percentage and 

sandstone), located on steep slope areas in the vicinity of active 

geological faults (Figure 3). The final landslide susceptibility 

map has very low, low, moderate, high and very high landslide 

susceptibility classes that cover 15%, 27%, 29%, 21% and 8% 

of the study area respectively (Figure 4). The results indicate 

that only a small area falls in highly susceptible land sliding 

zone but with high land-use percentage. 

 

 

 

 

 

6. CONCLUSIONS 

Slope failure / Land sliding is one of the most significant natural 

hazards posing threat to human life and property especially in 

mountainous areas which are seismically active and have high 

precipitation rate. Murree is susceptible to major land sliding 

events due to its geological conditions. GIS and remote sensing 

techniques proved to be a powerful analytical tool for feasibility 

studies and this technique has proved to be highly accurate for 

ground surveys and topography, terrain assessments and 

landslide hazard mapping. GIS based baseline maps and 

satellite images are capable of undertaking the engineering, 

environmental, social and resettlement studies and are 

significantly important for the design and feasibility of a 

project. 
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Figure 4. Landslide Susceptibility Map 


