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Outline 

 

o What is a watershed? 

 

o What are methods of watershed delineation? 

 

o Standard method of delineation using ArcGIS 

 

o Case study of the Upper Indus Basin 

 

o Questions and Answers 
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What is a Watershed? 
• Area that topographically contributes to the 

drainage to a point of interest 
Natural Watershed 

Points of Interest 

• Road crossing 

• Stream gage 

• Reservoir inlet 

• Wastewater treatment plant 

• Location of stream restoration 
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What is Watershed Delineation 

• Watershed Delineation: Define the 

watershed boundary based on 

topographical information about an outlet 

point 

• Outlet point: A point on a stream or river of 

interest. 
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Methodology (1) 

• Traditional Approach 

– Hand drawn on a 

paper topographic 

map 

– Contour line 

(Continuous line for 

the same elevation 

points) use 

– Requires experience 

and labor 

– Analogue approach 

– Manual 
 

Outlet point 
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Methodology (2)  

• Using DEM and desktop GIS software 

– Digital Elevation Model (DEM): Grid format, 

Each grid has elevation (altitude) value 

– GIS: Geographic Information System: 

Computer program for digital mapping 

– Possible automatic data preparation 
 

• WebGIS tools 

– WWW + GIS: Yahoo Map, MapQuest 

– Preprocessed data, limited functionalities 
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Digital Elevation Model (DEM) 

• Digital file that stores the elevation of the land 

surface at a specified grid cell size (e.g., 30 meters) 

• SRTM 

• ASTER 
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General methodology of computerized delineation, using ArcGIS hydrology tool 

  
 

 

(Figure: Khan et al., 2014) 
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Sinks and Pit-filling 

  
 

 

mailto:ak736@cam.ac.uk


   

                                                                                              

                                                                                                     University of Cambridge 

Asif Khan (khana@iiasa.ac.at ,  ak736@cam.ac.uk , engrasif_civil@yahoo.com) 

Flow direction 

  
 

 

The direction of flow is determined by the direction of steepest descent, or 

maximum drop, from each cell.  

mailto:ak736@cam.ac.uk


   

                                                                                              

                                                                                                     University of Cambridge 

Asif Khan (khana@iiasa.ac.at ,  ak736@cam.ac.uk , engrasif_civil@yahoo.com) 

Flow accumulation 
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Final watershed and its sub-basins 
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Delineation Exercise 
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The case study area 

 

The Upper Indus Basin (UIB), which originates from the Hidukush-

Karakoram-Himalaya (HKH) and Tibetan Plateau (TP), provides water to 

millions of people for Agriculture (more than 90% in whole Pakistan) and 

Power production (about 28% of total power production) 

 

 Flow originating from the UIB constitutes more than 80% from snow- 

glacier-melt water, and therefore is likely to be affected by climate 

change 

 

 Delineated area of the UIB is ranging between 175,000 sq.km to 

266,000 sq.km, reported in more than 12 published papers 

 

 How large is the UIB? 
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 UIB1 is ~172,173 km2* 

 

 UIB2 is ~205,000 km2** 

 

 

 UIB2 is ~266,000 km2*** 

 

 

*(Khan et al., 2014; WAPDA), 

**(Immerzeel et al., 2009; Tahir et 

al., 2011), ***(Mukhopadhyay, 2012)  
 

How large is the UIB? 
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Critical analysis of the UIB delineation 

 

 Selection of critical points/limits based on previous studies  

 

 Delineation of the UIB, using DEMs and ArcGIS hydrology and 

Archydro tools (automatic and semi-automatic with manual refinements) 

 

 Post delineation geo-morphological verification, using Google Earth 

 

 Comparison of current study’s outputs with other studies and available 

watershed’s boundaries 
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Methodology: Auto-delineation and selection of critical points 

 

 

 

 

(Figure: Khan et al., 2014) 
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Critical points analysis exercise 
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Results and Discussion 

 

 

 

 
Station 

Elevation in the 

original SRTM 

DEM* (m) 

Critical Point 3a 4,253 

Critical Point 3b 4,248 

Critical Point 3c 4,275 

Critical Point 3d 4,270 

Pangong Lake 

Water level 

4,241 

(Figure: Khan et al., 2014) 

  Beach Ridges are an evidence of Pangong Tso lake to be remained part of the UIB about 1,000 years ago, 

and current warming climate and melt-increment induces increment of water-surface level at a rate of about 

0.75-1 m per decade (Song et al., 2013; Khan et al., 2014) 
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Results and Discussion 

 

 

 

 

(Figure: Khan et al., 2014) 
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Conclusions and Recommendations 

Basin delineation needs to be done using both DEM and geomorphology 

  

Precise delineated UIB area (up to Tarbela dam) is about 172,173 sq.km, 

based on SRTM DEM 

 

 Auto-delineation (pit-filling) process can induce significant biases in 

delineated watershed’s boundaries, particularly near to internal draining 

areas, such as near to Tibetan Plateau  

 

 Pangong Tso lake was part of the UIB about 1,000 year ago 

 

 Studies based on over-estimated area need revision, particularly those 

which deals with hydrological modeling and future planning 

 

 Available watersheds boundaries, such as HydroSHEDS, also over-

estimate UIB boundary and need rectification before use 
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