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ABSTRACT 
 

Watershed delineation is very essential for the understanding of geo-environmental 
condition of an area. Availability of an authentic drainage and watershed map is the fore 
most requirements for a systematic hydrological study. In the present study the Shuttle Radar 
Topographic Mission (SRTM) data has been used for the flow accumulation calculation and 
watershed basin delineation. The potential drainage were developed based on the 3 arc 
second Digital Elevation Model (DEM) of SRTM data. The elevation grids were first filled 
to create depression less DEM. Then the flow accumulation has been calculated and the 
stream channels were delineated. Watershed basin has been delineated on the basis of 
derived stream channels.  The results were found very encouraging when it is compared with 
the drainage basin derived from Survey of India Topographic Sheet. The present study 
demonstrates the utility of SRTM data for watershed delineation and the flow accumulation 
studies. Conventional methods have their own limitations hence new emerging technology 
should be adopted to obtain better result. 
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INTRODUCTION 
With the development of satellites 

technology and availability of different types 
of satellite data products it is possible to get 
DEM data for the study of terrain with 
remarkable accuracy. Using the DEM it is 
possible now to derive the drainage network 
and watershed basins automatically. These 
techniques are faster and provide more 
precise and reproducible measurements than 
traditional manual techniques applied to 
traditional maps1.The height information 

with a 3 arc seconds spacing of the points, 
corresponding to approximately 90m at the 
equator, are available for the Shuttle Radar 
Topographic Mission Data. In the recent 
years various research works has been 
carried out in this regard. Modeling of 
landscape2, study of river hydrology3, flow 
network mapping4, terrain modeling5, 
automated watershed assessment6,7, drainage 
enforcement8, landslide evolution in river 
watershed9, drainage network10, landscape 
assessments and hydrologic modeling11, 
extraction of peaks and pits from digital 
elevation models12, are the various fields * Author for correspondence 
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where the DEM has been used for 
hydrological study. In the present study an 
attempt has been made for the delineation of 
flow accumulation and the watershed from 
Shuttle Radar Topographic Mission Data. 

Study Area 
Singrauli Coalfield covers an area of 

about 2200 sq.km and is located in Singrauli 
district of Madhya Pradesh. For the present 
investigation a part of Moher sub-basin of 
Singrauli Coalfield has been considered 
(Fig.1a.). The area is located between 
latitudes 240 00’ to 24015’ N and longitude 
820 35’ to 820 46’E and covers an area of 
about 532 sq.km. 

 
METHODOLOGY 

The methodology adopted for the present 
study can broadly be grouped into five stages 
as Obtaining and Importing a Digital 
Elevation Model (DEM), Creating 
Depression less DEM, Filling sinks, 
calculation of flow direction, Calculating 
Flow accumulation and stream net Basin 
generation. The various stages of 
methodology has been shown in Fig.1b and 
dealt in detail below. 

Obtaining and Importing a Digital 
Elevation Model (DEM) 

ARC Info ASCII Data has been 
downloaded through internet. The ASCII 
data has been converted to GRID in Arc info 
environment to extract the present study area.  

Creating Depression Less DEM  

A fundamental problem in using such 
DEMs is the presence of sinks in the data 
(Fig.1c). Sinks are grid cells with no 
neighbors at a lower elevation and, 
consequently with no down slope flow path 
to a neighbor.  Sinks occur on both flat areas 
and in closed depressions. They also trend to 
be more common in low relief terrain then in 
high terrain.  While a few of these sinks may 
represent real landscape features, the 
majority are spurious features which arise 
from interpolation errors during DEM 
generation, truncating the interpolated values 
on output, and limit the special resolution of 
the DEM grid. Therefore the depression and 
flat areas has been filled from the Dem by 
sink filling. 

         
         Fig. 1a : Study area.          Fig. 1b : Methodology. 
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Filling Sinks 
The sinks have been located using the 

SINK function. In order to know the depth of 
a sink or group of sinks, Sink area, sink min, 
sink max and sink depth grids also created. 
This information is used to determine an 
appropriate {z_limit} for the FILL function. 
This information also  used to understand the 
type of errors present in the data and to 
identify whether some of the sinks are 
legitimate morphological features. Sinks 
were filled to the value of the lowest 
boundary cell in the watershed using 
ZONALFILL. This process was repeated 
until there are no more sinks found. 

Calculation Of Flow Direction  

 Flow direction was determined using 
sink filled DEM as an input. To create a grid 
of flow direction from each cell to its 
steepest down slope neighbor the FLOW 
DIRECTION function has been used. For 
every 3 x 3 cell neighborhood the grid 
processor stop in the center cell and 
determines which neighboring cell is lowest 
and determines the flow direction. 

Calculating Flow Accumulation And 
Stream Net 

To create a grid of accumulated flow to 
each cell Flow direction grid has been used 
as an input. To get the accumulated flow into 
each down slope cell the 
FLOWACCUMULATION function has been 
used. The accumulated flow is based upon 
the number of cells flowing into each cell in 
the output grid. Output cells of flow 
accumulation are areas of concentrated flow 
and have been used to identify stream 
channels. The result of 
FLOWACCUMULATION (Fig.1d.) has 
been used for generating a stream network by 
applying a threshold value to select cells with 
a high accumulated flow. The expression 
streamnet = con(flowacc > 100, 1)  used to 
create a grid where the value 1 represents the 
stream network on a background of 
NODATA. The ‘stremnet’ has been shown in 
Fig. 2a. 

Basin Generation 
The BASIN function has been used to 

delineate drainage basins within the analysis 
window by identifying ridge lines between 

Fig. 1c : Sinks. 

Fig. 1d : Flow Accumulation Map. 
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basins.  BASIN function analyzes the flow-
direction grid to find all sets of connected 
cells that belong to the same drainage basin. 
The drainage basin grid then is converted 
into coverage and basin shape files. Similarly 
the stream net has also been converted to 
shape file. The micro basins are then merged 
to derive the macro basins. 

RESULTS AND DISCUSSION 
The drainage derived in this method is 

dependent on the threshold value of 
accumulation. The drainage reflects mostly 
the dendritic drainage pattern.  In the 
northern part of the area the drainage is 
flowing towards north and in the southern 
part all the drainages has poured to GB Panth 
Sagar Reservoir. The basin polygons 
watersheds and flow directions laid over 
watershed and SRTM DEM are shown in 
Fig. 2b, 2c and 2d respectively.   

CONCLUSION 
The drainage network extracted by this 

method matches with the drainages observed 
in the IRS LISS III satellite  image and the 
Survey of India topographic sheet of  the 
area. It is found that the water body areas 
should be masked out be four processing the 
DEM for the better accuracy in stream 
calculation as it may pose as big sinks in the 
area. Watershed delineation using this 
method proves to be accurate and less time 
consuming.  
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