Geog4740A

Class Exercise: Map Calculator

Wetness Index
The wetness index can be a powerful terrain derivative in that it can provide insight into the spatial distribution and spatial proportions of areas of relative wetness and areas of relative dryness. In this exercise you will calculate the wetness index from a DEM provided to you.

Wetness Index = ln( As / tan B)

With:
As = specific catchment area (catchment area divided by the width of the grid cell in flow direction)

Tan B = slope in %

Step 1a: open the DEM in ArcMap

Step 1b: turn on the Spatial Analyst Extension (Tools – Extensions – Spatial Analyst) and Toolbox (View – Toolbars – Spatial Analyst)

Step 1c: make sure to set your Working Directory under the Spatial Analyst, choose a directory on your harddrive (never on the network!)

Step 1d: turn on the ArcToolbox – Spatial Analyst Tools – Hydrology

Now you are ready to execute the analysis:

Step 2: Fill the DEM so that a liquid can move uninterrupted downhill.  This step is required to correct for inherent errors in the DEM. 

Step 3: Calculate the flow direction, using the filled DEM as input. This will result in an assignment of the following internal codes:
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Step 4: Calculate the Flow Accumulation, using the Flow Direction grid as input.

Step 5: Using the Spatial Analyst – Surface Tools – Slope, and the percent option, calculate the percent slope.

Now you have prepared all input grids required for the analysis.

Step 6: Let’s calculate the Specific Catchment Area, which is the flow accumulation value divided by the width of the grid cell. So, if the water would flow diagonally across the cell, then the width is 1.41 times the cell width, and otherwise it is equal to the cell width. 

How to assign a “1” to directions 1, 4, 16 and 64 and a “1.414 to directions 2, 8, 32, 128.

Step 6a: Using Spatial Analyst - Reclassify, change the flow direction values accordingly. However, because Reclassify does not allow decimals, we should use 1000 instead of 1, and 1414 instead of 1.414. 
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Step 6b:  You can now calculate the Specific Catchment Area: 

By checking the Properties – Source of you DEM, you can find out how large the grid cells are. In this example, they are 24.01604m. Because a ridge has a cell accumulation value of “0”, we have to add “1” to all grid accumulation values, otherwise the size of the catchment area would always be one grid cell size too small.

Using the Spatial Analyst – Raster Calculator, key in the following equation: 

[SCA] = ([flowaccumulationgrid] + 1) * 24.01604 * 24.01604 * [Cont_Len] / 1000
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Check if the values make sense!!

Step 7. 
Final calculation of the wetness index:

Using the Raster Calculator again, we key in this equation:

[wetness] = ln([specific catchment area grid] / [slope grid])

You can get the ln by extending the Raster Calculator and clicking on “log” (natural logarithm). 

Check your values, they should be within a range between 0 and about 25.
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Step 8. 
(Optional) Correct for values under zero:

It is possible that some values for “specific catchment area / tan beta” are less than 1, which would result in negative wetness index. Using the con command in the map calculat or, you can correct for that by using the Raster Calculator and the conditional statement (con) command:

[out-grid] = con([in-grid] < 0, 0, [in-grid] 

this reads like this: if in-grid is less than zero, then make out-grid equal 0, otherwise use the values in in-grid.

Step 9. 
Now you should create a meaningful colour ramp for the grid values and produce a map that fits on 11 x 8.5 inch paper. Choose one colour for each wetness index increment of one (going from 0-1 to 16 and over). High values denote wetness, low values dryness.
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Resulting wetness index (zoomed into an area)
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