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Outline

Developed a software tool [written FORTRAN language] to 

• Extract topographic structures. 
• Delineate drainage network
• Overland the flow path. 
• Delineate watersheds.

Data used: DEM (Digital Elevation Model)

Test the computer generated watersheds to manually delineated one
[Result: Both are very close and spatially identical.  



DEM (Digital Elevation Model)
Gives information about morphology of the land surface

Previous work
• Slope
• Aspect
• Shaded relief
•Points of inflection

Final Phase
Original DEM + Data from Initial Phase = 
drainage network, overland flow paths,     
and watershed delineation.

Developed a tool to extract 

•Topographic depressions
•Flow directions

Initial Phase 
• DEM with depression filled data set. 

• Flow direction data set.
• Flow accumulation data set.



Filling Depressions in DEM
Depressionless  DEM



Filling Depressions in DEM

DEM contain depressions that hinder flow routing



Flow Direction

Where will water flow ?



Flow Direction
Condition 1 (Single cell depression) 
All 8 neighboring cells have higher 
elevation than center cell. Flow 
direction is Undefined

Condition 2 (One neighbor is best)
The distance weighted drop from the 
center cell is higher for one cell in the 
neighborhood over all of the other 
seven cells. Flow direction is assigned 
to the cell.

Condition 3 (More than one neighbor is a possible choice)
When two or more cells are equal in having the greatest distance weighted 
drop. Flow direction is assigned logically using table look-up operation.

Condition 4 (Cells is a part of flat areas)
When all cells are equal or greater in elevation compared to the center cell.
Time consuming to calculate flow direction (lots of iterations)

Distance weighted drop = central value-neighbor 
value/distance from central cell, √2 for corner cell, 
1-non corner cell



Flow Accumulation

Each cell is assigned a value equal to the number of 
cells that drain to it.

Number of DEM points whose flow paths eventually 
pass through that point

Cell value 0= No other cell to flow (pattern of ridges)



Application
• DEM with depression filled data set. 

• Flow Direction data set.

• Flow Accumulation data set.

•Specific Watersheds Delineation
•Automatic Delineation of Sub-Watersheds
•Watershed linkages
•Drainage Networks



Specific Watersheds Delineation
• Flow Direction data set.

• Starter data set.

Starter data set

•A single cells or groups of cells
•Inserted at the outflow points
•Unique positive value



Automatic delineation of Sub-watersheds

Delta value = Flow accumulation value of the cell-
flow accumulation value of cell it flows to

Sub watersheds are part of larger watershed



Watershed Linkage
Two or more watersheds link at pour point, the point of lowest elevation 
on the common boundary between the two watersheds



Drainage Networks & Overland Paths
Drainage Networks

Flow accumulation data can be used to produce drainage network data sets
When cells with values greater than a threshold value are selected. 

The density of the network increases as the threshold value decreases.

Raster lines can be changed into vector lines.

Overland Paths

Flow direction data set can be used to produce the path or paths by 
following the cell-to-cell linkage until the data set edge is reached.



Evaluation of the software toolbox
Tested with several hydrological studies

Compare the watersheds derived from DEM using toolbox and 
watersheds manually delineated from topographic maps

Compare the line plots produced from vectorized watersheds to 
the manually delineated watershed. 

Agreement between two are very close and they spatially identical.  

Information extracted from DEM by using this algorithm is directly 
related with resolution of DEM.




