Lab 7: Mapping our field data and determining infiltration vs. runoff

Goals for this lab:

· Use our field data from lab 6 to estimate runoff rates and direction during rain events in Douglass neighborhood.

· Learn how to use elevation contours to determine location and flow direction of streams.

· Use Google Earth to estimate impervious area and compare to our field sketches.

· Create a simple model using the slope of the land, our infiltration data and estimates of impervious surfaces to estimate runoff amount and direction.

· Test our Excel model for different surface conditions with and without the stormwater drainage system.

Creating an elevation map and determining runoff:

Open your base map (.mxd) in ArcMap.

Find the topo TIFF file in my Public folder and drag it into ArcMap (this seems to be the best way to open it). I changed the color range to a rainbow pattern to make it easier to see. Zoom in to Douglass neighborhood so that the map is bounded by Jackson Ave, Warford St, N. Highland St, and the Wolf River to the north. 
Print this layer so we can work with it.

Tape a piece of transparency to your elevation map. On this overlay we will create a contour map with ___ spacing.

Definitions: A contour line connects all the points of the same elevation. We want to have each contour line represent a change in height of ___ cm. (Normally geologic maps would use meters or feet, but Memphis is very flat.)

Once you have your contour map, you should be able to see where the high spots are in the Douglass neighborhood.

Where is the highest spot in the neighborhood?

Where is the lowest spot in the neighborhood?

Where do you hypothesize rainwater will flow?

To test your hypothesis, draw in the flowlines showing where water runs off the land surface.


To do this: Water will flow perpendicular to the contour lines in a downhill direction.

Was your hypothesis correct? Was it precise enough?

Check in Google Earth (already loaded on all the computers) to see where the actual streamflow occurs in Douglass neighborhood.

How close is the actual streamflow to your map?

Leave Google Earth open, because we will use it again in a later section.

Keep this layer to use later and turn in at the end of lab.

Create polygons of like land use:
Go back to your basemap in ArcMap. 

Add the layer World_Imagery.mxd from my Public folder (aerial photos). Make sure you are still zoomed into Douglass neighborhood (we need to make sure we can overlay all these layers so they need to remain the same aspect).

Print out the aerial photo layer.

What is the stream that runs through Douglass neighborhood?

Notice where it is forced underground and where it is allowed back to the surface again.

Tape a clean sheet of transparency over your aerial photo. On this overlay, we will outline polygons for each residential block, each industrial complex, each grassy space and each forested space.

Compare this layer with your previous transparent layer - is the slope of the land inside each polygon uniform or do the polygons need to be smaller? (In other words, make sure it is clear which way water will runoff the land inside each polygon – this is the topographic divide. If it is ambiguous then make the polygons smaller.) Modify your polygons if necessary.

While your streamflow layer and polygon layer are overlaid, draw a line from the highest elevation to the lowest elevation within each polygon. The length of the line divided by the difference in elevation from high to low is the average slope within that polygon. (You can use the pixel size from the original GIS elevation map for scale – see next paragraph.)

Keep this layer to use later and turn in at the end of lab.
We also need to know the area of each of your polygons. You can use Google Earth again to estimate area of the polygons using the scale bar.

Comparing field sketches with Google Earth:

Your field sketches are loaded into the Wiki. We will compare our field sketches with the aerial photos in Google Earth.

A useful and also interesting feature of Google Earth is the ability to see old aerial photos of your location. Under View, choose Historical Imagery. A slider bar opens at the top and you can move through the past (for Douglass neighborhood it only goes back to 1997). 

When was the old abandoned High School building torn down?

When was it rebuilt? (Do we know for sure from this?)

One thing you will notice is the difference in the images between summer and winter. This may help in trying to estimate impervious surfaces.

Use Google Earth to estimate the impervious surfaces for each polygon you made in GIS. For our purposes we can use a single estimate for all residential blocks, for example. 

How accurate were your field sketches for the area that you sketched, (recognizing that you could not see the whole block when you were in the field)?

Record your % impervious estimates for each polygon.

Create a conceptual model of runoff vs. infiltration:

As a class, we will go through an example of how to create a box model using two of the polygons on your map.


Each box represents a polygon on your map. Use arrows to depict where runoff will flow between polygons (boxes). Label each arrow with the slope you calculated. Keep in mind it is possible for runoff to pond within a polygon rather than flow to an adjacent polygon.


Each box also has your estimates for area (cm2) and % impervious surface. When it rains, each box will then have rainfall in (cm/hour), runoff into the box (cm3/hour) (from other adjacent boxes), and potentially runoff out of the box (cm3/hour) (to an adjacent box).

Now complete the rest of the boxes in your conceptual model.

How will you calculate runoff from impervious surfaces in cm3/hour given the rainfall in cm/hour?

How will you account for the infiltration rate when calculating runoff from non-impervious surfaces?

What happens to the runoff coming into a polygon from an adjacent polygon? How do you account for this in your calculations?

What happens during a rain event:

For a heavy rain, assume it rains 0.7 cm/hour. Assume it rains everywhere in Douglass neighborhood equally at this rate.

Complete the calculations for this scenario (you have essentially created a model). 

Along what path did the runoff flow?

How would the results be different if the rainfall rate were lower (for example, a light drizzle) instead?

So far, we have not taken into account the storm drains in this neighborhood. How do the placement of storm drains change your results? Do the presence of storm drains change the ultimate fate of stormwater runoff?

Based on your observations in this lab and drawing from your field experience in Douglass neighborhood, are there areas (or one area) that currently are highly impervious that you would recommend changing to greenspace (i.e. large community garden or small park) to help control runoff?

Record the answers to these questions on the Wiki and turn in your paper (or Excel) model.

