LAB 6  -- Geographic Modeling

Assignment: Write a FORTRAN program to delineate flow path over a DEM, determine contributing area and potential soil saturation.  Use a DEM for your study site or download here.
Problem Statement: In order to estimate potential soil saturation which is an important factor in all hydrological modeling and in many environmental assessments,  it is necessary to determine the upslope contributing area (in terms of runoff, or subsoil water movement).  The contributing area is fundamental to calculating Beven and Kirkby’s (1979) Saturation potential:



Sp  = ln (Ad/tanβ )

where Ad is the  upslope contributing drainage area and β  is the local slope gradient. Also known at the Topographic Index this equation is fundamental to the topographically-based flood forecasting model TOPMODEL.  In this calculation the water table is assumed to be just below the surface and, therefore, have the same gradient as the hill slope.  Without any soils information this is a good estimator of potential soil saturation.  Potential soil saturation can be used as an estimate of antecedent moisture conditions (pre-storm events) in surface water modeling. Additional indices can be applied to reflect rainfall and aspect influences on soil saturation.

A good guide to what you are doing in this assignment is the methodology described in the Jensen and Domingue (1988) paper included in your readings.  

1) Create a depressionless DEM.  There are a number of ways to do this.  I find Tarboton’s pit removal in his TARDEM suite of tools the most reliable.  You can download it from: http://www.engineering.usu.edu/cee/faculty/dtarb/tardem.html. IDRISI and ARCGIS also have this function.  Look carefully at the output before using.
2) Write a FORTRAN program that will:

a. Assign to each cell a pointer index indicating in which direction the water will drain based on elevation.  Call this matrix FLOWDIR
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b. Add up the number of surrounding cells that flow into each cell.  Call this matrix INFLOW

	
	
	

	
	
	

	
	
	

	
	
	


Requirements this time: In your declarations use the PARAMETER statement. The parameter statement is used to assign names to constants.  Because the constants remain the same throughout the program, the values assigned to them can be stored at compile time.  In your OPEN and READ statements use IOSTAT.

Example sheets provided

Products to turn in:

1) Description of what you did (10 pts)
2) FORTRAN Code (70 pts)
2) Color print of FLOWDIR and INFLOW (15 pts each) .  Pay attention to titles, legend and colors.  Very important.
For extra credit, turn in the code to calculate big A above and a color print of the map showing the value of A  in each cell, which is its upslope contributing area in number of cells.  Directions for how to do this are found below (Guidelines to do the whole thing!).  You may wish to incorporate a recursive subroutine into your model. (+ 20 pts)
For extra extra credit, turn in the code to calculate the potential soil saturation for this region and a map of the same. (+10 pts)
Literature referenced:

Jenson, S. K. and J. O. Domingue. 1988. Extracting Topographic Structure from Digital Elevation Data for Geographic Information System Analysis, Photogrammetric Engineering and Remote Sensing, 54:11, pp. 1593-1600.

Beven, K. J. and M. J. Kirkby. 1979.  A physically-based variable contributing area model of basin hydrology, Hydrol. Scien Bull. 24, pp. 43-69.
A worksheet to get you started follows:
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	5730
	5785


	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 


Guidelines to do the whole thing!
Pseudo Code
DO While TOTFLOW > 0

    For each cell (r,c)

Look at its neighbors to see if contributing cells (wr,wc) have emptied (FLOWOUT = -1), or if there are no contributing cells (FLOWDIR (wr,wc) does not drain to this cell(r,c).

        If  TRUE pass FLOWACCUM (r,c) to the FLOWACCUM of the downhill (FLOWDIR) cell and change FLOWOUT (r,c) to -1, AND Subtract 1 from TOTFLOW.

END WHILE

When TOTFLOW = 0 , you will have processed all cells in the map, i.e. you will have passed their accumulated flow to the next cell, and your final output map of  the FLOWACCUM variable will show for each cell how many cells contribute flow to it, also known as the upslope drainage area (Ad ). 
