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n earthquake of September 24, 2013 with a magnitude of 7.7Mw destroyed extensive region 
of Awaran district located in province Baluchistan in southern Pakistan, the earthquake was 
nearly 10km deep below the surface of earth. This convulsion brought a havoc in the 

inaccessible and remote regions and victimized nearly 810 families. This tremor destroyed the non-
engineered human structure within 100 km of the earthquake which caused tremendous loss of 
human lives. In this paper Digital elevation model (DEM) was utilized to study active deformation 
and mapped the isobase, relative relief, drainag density incision and vertical dissections which 
indicates that Awaran Fault sinisterly active in NNE-SSW direction and the deformations were 
highlighted. The high value of drainage density was observed on northern east and in the central 
region of southern west region of Awaran district. The drainage density is elevated by accelerated 
erosion in surrounding region. DEM and remote sensing tools proved efficient to study the region 
efficiently. 
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Introduction 
Earthquakes have been a cause of tremendous loss of property and lives multiple times in 

Pakistan [1]. It is because Pakistan is located in a seismically active region of the world.  Various 
regions of Pakistan are at high risk of earthquakes. Earthquakes can either be too low can go 
unnoticed or too high to wreck the entire city [2]. Pakistan has experienced several tremors at 
various regions ranging from a magnitude of 7.3 to 7.8 in the northern and southern regions due 
to dynamic faults [3,4,5]. In these regions nearly half of the community survives with a threat of 
earthquakes [6]. 

Nearly 90% of earth’s seismic activity takes place when two or more active tectonic plate 
pass slides or collides with each other within close belts [7,8,9]. The Tibetan pleatues and the 
Himalayan mountain ranges were formed because of collision of Indian and Eurasian Plate nearly 
50 million years ago [10]. Chaman Fault is a major seismically active fault that runs along Pakistan 
and Afghanistan in nearly 850 km [11]. Pakistan geologically comprises of Europe-Asian and Indian 
plates [12]. 

These geological plates have been divided through faults into left and lateral strike slip 
faults. Along the Chaman fault the Indo-Australian fault slips towards north [13]. Due to this 
elementary transform, the boundary of such plates are called as transpersonal boundary. Due to 
the collision of Indian plate with the Europe-Asian plate the, Chaman fault comprises of 
compressional elements [14]. 

The Indian plate joins with Europe asian plate in a counter clockwise spinning motion and 
the rate of joining decreases western region of India [15]. These plates are separated on the western 
side due to change in river profile with Chaman fault zone. The Chaman faults consists of 160-325 
km wide belt and it is connected to other faults [16]. This belt is dramatically extended to the 
marginal line in western boarder of Indian- Europe and Asian plates [17, 18, 19].  

Chaman fault is the left side strike slip fault which changes to transgressive side in the 
Europe-Asian and Indian plates. Makran fault located in the southern side of Chaman fault shorten 
these plates [20, 21, 22]. Indian and Europe asian plates move at the rate of 26mm per year while 
these faults move at the rate of 5-8mm per year. The earthquakes show distortion in the seismic 
regions [23, 24, 25].  

The aim of this study was to utilize Remote Sensing techniques to analyse surface 
deformation through remotely sensed datasets and the deformations were maked with maps  the 
regions having high drainage density, surface deformation and incision leasing to severe tremors 
which can destroy human engineered structures and can lead to loss of hundreds to thousands of 
lives. 
STUDY AREA 

Awaran is a city located in Baluchistan, a province in Pakistan. This city is also serving as a 
tehsil headquarter. Before 1981, the city was a sub division of district Khuzdar. Awaran was 
proclaimed as a district on November 1992. This district comprises of two tehsils which include 
Awaran and Mashkae [26]. The study area is mapped in Figure 1. 

The district consists of an unpopulated sub tehsil JhalJhao. The district is expanded in a 
region of nearly 29510 km2. The district lies between northern latitudes of 25° 26 and 27° 28 and 
at eastern longitude of 64° 08 and 66° 10.  
MATERIALS AND METHODS 
Data Acquisition and Processing 

In this paper the SRTM DEM and Vector data is utilized to map Awaran district.  
Digital Elevation Model ( DEM ) 

The Earths elevation can be represented digitally by DEM. The DEM is represents 
topographic variations in hight vertically. This model accurately displays the topography of plains. 
The following softwares accurately represents the data and portray results in an effective manner 
[27, 28, 29, 30].  
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Software Used 
Following Softwares are used in this research to attain accurate results.  

 
Figure 1: The regional tectonics structures mapped in the context of continental plates of India -

Eurasian plate. 
Table.1 List of Softwares which has been used for this thesis. 

S.No Name of software Purpose of usage 

1. Arc GIS Digitizing, 

2. ENVI (4.7) Mosaicing, Classification, importing of shades of hill, for 
Importing and Exporting(.img to .geotiff), AOIs Truncation 

3. MATLAB 7.6.0.324 (R2008a) The Stream Staller order, to Extract geomorphic Indices and 
DEM Processing 

4. River Tools IDL 2.4 river network analysis of river as well as D8 algorithm  

5. Google Earth 7.1 Areas Identification 

6. Coral Draw Graph fix up 

Hypsometric Integral (HI) 
Hypsometry is globally known for the measurement of geographical features of the surface 

of earth. The hypsometric terms are used to assess elevations and depths of various structures of 
earth. It is also used to compare various drainage basins without using any dimension. The 
specificity of this method is to describe landscape elevations or area of drainage basins. Figure 2 
shows the variations in Hypsometrical Integral and shows the elevation and drop of drainage areas 
[31, 32, 33, 34]. 

Following equation can be used to determine the value of Hypsometric Integral, 

 
The value of HI ranges from 0 to 1 and the Hypsometric curves show the HI value, the 

convex shape indicates high HI value whcih indicates the uplift tendency and young active tectonic 
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[35, 36, 37].  
RESULT AND DISCUSSION 
The Analysis of Drainage Density 

The value of drainage density is high on NNE side near Sheerin Aab, Taftan and Mastun. 
The drainage density can have higher values in the central region of SSW of GidarSurab Road and 
Neemragh Kand. The erosion accelerated in surrounding conditions can elevate the drainage 
density. 

 
Figure.2:(a) The Elevation Drop and Hypsometric Integral’s variation (b) The watersheds are 

divided in minor chunks in order to evaluate the variation of local Hypsometrical Integral. 

 
Figure 3: The Drainage density map of zone of awaran’s screen shorts using Matlabhaving 

window size 1km and 2 km. 
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The regions having defrosted vegetation has high drainage density due to low rate of 
absorption of water by cover basins and well organized channel system. Eroded lands have a greater 
chance of floods and high drainage density due to high runoff.  

 
Figure 4: The description of map about the Drainage density of the zone of awaran’s screen 

shorts using Matlab having window size 3km and 4 km. 
Thus the drainage density and erosion goes side by side, increase in any of these factors 

increases the vulnerability of these regions to natural disasters. Figure 3 and 4 shows the hotspots 
of high drainage density in Awaran region using maps obtained through Matlab at different 
windows.  

The NWW side of NeemraghKand has low value of drainage density. Lower values of 
drainage density means lower risk of floods. As the drainage density increases the surface 
deformation and surface roughness is also increases which increases the risk of natural disasters in 
seismically active regions. The hotspots are shown in Figure 5 which illustrates the isobase map of 
study site obtained through Matlab. 

 
Figure 5: The Isobase level map Screen Shorts of of Awaran zone using Matlab. 
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Figure 6: The description of map of relative relief’s about Awaran region having window size 1 

km and 2 km by using Matlab. 
Bed rocks of Krastic regions have high fluvial deposits, thus the floors of valley are highly 

weathered and lower height and flood volume. Figure 6 and 7 shows the incision mapped in the 
study area using Matlab. Incision has been mapped using DEM.  

 
Figure 7. The description of map about Relative relief’s Screen Shorts of region of Awaran of size 

of window that is 3 km and 4 km by using Matlab 
The high deposition of fluvial materials in the stream bed leads to the vertical incision of 

streams which deepens the floors of networked streams leading to cutting down and increased 
surface roughness in stream networks.  
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Figure. 8: Description of map of Topographic surface roughness Screen Shorts of zone of 

Awaran with size of the window 1 km and 2 km by using Matlab. 
The regions with low fluvial deposits and high erosion indicates more topographic surface 

roughness and surface deformation. Figure 8 and 9 shows the vertical dissection map of study site.  

 
Figure 9: The Topographic surface roughness map Screen Shorts of Awaran zone having window 

size 3 km and 4 km by using Matlab. 
The Hypsometric Analysis 

The significant information regarding geomorphic indices can be obtained through Hack 
stream length gradient index and Hypsometry. These methods can provide significant data 
regarding slanting, regional uplift and local topographic uplift which may cause surface 
deformation.  

Hypsometry is a method widely used for the assessment of lithological features, intensity 
and strength of active tectonics and the effect of climate on geomorphology. It also illustrates 
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different elevations present in drainage basin. DEM can be used to determine the value of HC and 
HI through geographical information system.  

The HI and HC values have been used multiple times to investigate, intensity and potency 
of tectonic activism and elevations at drainage basins.  However the HI values have some conflicts. 
HI values are significantly dependent on geometry and elevation of basin and upon the drainage 
area of basin.  

 
Figure 10: Hypsometric curves (HC) for different basins of order 6 

The parameters which can disturb the topography of any region can be analyzed 
significantly utilizing Hack stream length gradient index and Hypsometry. Hypsometric analysis is 
an initial geomorphic indices which can provide vital information regarding relative uplift, regional 
uplift and local topographical uplift. It is widely used to analyze the intensity of active tectonics and 
their impact on geomorphologic parameters.  
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Hypsometry illustrates different elevations in the river basins. The HC and HI values are 
analyzed utilizing digital elevation model. The HI value is highly dependent on basin elevation, 
basin geometry and drainage areas. Figure 10 illustrates HC values for different basins. Instead of 
basins, the grid values are used to calculate HI values. In Pakistan, the most seismically active zone 
is Baluchistan, which has HI value up to order 4.  The severe history of earthquakes lies in the 
lower region of Arabian Sea Syntaxes, it is a region where Indian and Europe-Asian plates collide.  
The tectonic activity can be determined using different features of Hypsometric Integral which are 
freely available on the website. SRTM and DEM with a spatial resolution of 90m is used in this 
study. 

Earthquakes occur usually as a result of strike slip of faults. The western regions of Pakistan 
are experiencing left lateral strike slip along Chaman fault at higher velocity as compared to other 
regions of country. Destructive tremors are often related to strike slip faults. Chaman fault runs in 
the western region of Pakistan which is seismically active fault. Baluchistan is considered the most 
vulnerable province because of seismically active Chaman fault which comprises of Indian and 
Europe Asian plates that move at the rate of 26 mm per year. The collusion of these plates causes 
destructive earthquakes. In September 24, 2013 the earthquake hit Awaran with a magnitude of 7.7 
M as a consequence of lateral strike slip at shallow depths. It killed nearly 60 thousand people and 
destroyed the human engineered structures in the region. The tectonic geomorphology of Awaran 
district makes it highly vulnerable for natural disasters most prominently the earthquakes. The 
tectonic geomorphology of Awaran district is dependent on several parameters including drainage 
density, erosion and incision etc. 
Conclusion: 

The earthquake in the Awaran region had a magnitude of 7.7 Mw which added to the 
seismic activity along the subduction zone in the Chaman fault and Makran zone and also enhanced 
the neo tectonic activity in South east and northern region. This incident activated various other 
faults. These tectonic activities can be analyzed using remotely sensed techniques which are helpful 
in generating maps and analyze surface deformation precisely. 
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