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Human Geomorphology, with an Introduction to GIS

Lake Mead formed behind the Hoover Dam when that was constructed on the Colorado River in 1935, and is now the largest reservoir in the United States.  The lake supplies all the water for Las Vegas as well as partially filling the needs of Los Angeles, San Diego, and other distant communities.  The lake is a thriving recreational destination, and its water powers hydroelectric generation at the dam.  Clearly, the water in Lake Mead is valuable to many people.  However, in recent years the lake has been drying up at an alarming rate.  Today, you will calculate the amount of water lost from the surface of Lake Mead and compare it to the evaporation that was occurring from the surface of the pre-dam river.  (Read further information at the National Park Service website  http://www.nps.gov/lame/naturescience/lowwater.htm, including the link to NASA satellite images.)
Geographic information systems (GIS) are tools to synthesize many types of geographically-referenced, or “geo-spatial”, data in one computer program.  This lab will give you a very brief, bare-bones introduction to one GIS software package, ArcMap.  My intention is that you will get comfortable with how GIS programs layer data, and that you will begin to appreciate the power of GIS for solving a wide variety of problems.  Remember, however, that for most of us GIS is just a tool.  That is, it can help you answer research questions and may even help you generate some new research questions, but your research question will usually be independent of the GIS program itself.  

Step 1:  Acquire Data

I have already collected data files for you to use and I have copied them onto this computer’s Desktop.  However, I recommend that you then copy them into a folder on your z: drive and construct your maps from there.  GIS programs do not incorporate data into the map file, as does an Excel spreadsheet, for instance; instead, your map will reach out and grab data from several independent files.  Thus, every time you open your map file, it will expect to find those data files in their original location.

A.  Copy the folder “Lake Mead” to your z:drive.

Step 2:  Make a map

A.  Open Arcmap

B.  Start a new map

C.  The left side of the screen is where your different data layers will be listed (once you have added them).  To set the coordinate system for your map right now, right-click on the “Layers” title, select Properties.  

- Go to the Coordinate System tab

- Choose Predefine/ Projected/ UTM/ NAD 1983/ Zone 12

    (this is the zone where Lake Mead, in Arizona, is located)

D. Click the Add Data button on the upper tool bar (looks like a black + sign)

- Click the “Connect to folder” button (arrow and circle button at top of dialog box)

- Navigate to the Lake Mead folder on your z: drive

- Select the “Lake Mead shoreline” and click OK

- Click on the data file, which is often a .sid or .shp file (but is NOT called “METADATA”) then click “Add”

    The Lake Mead shoreline should appear on your map 

- Repeat this step to add layers for DOQ photos, NED (national elevation data) and the thalweg (all of which should be located in the Lake Mead folder)

- Save your map to the Desktop or z:drive

Step 3:  Change the map properties

A.  Change the lake color.  

- Click on the lavendar box below “Lake Mead shoreline” on the Layers list

- Change the color to blue

B.  View Hoover Dam

- Uncheck the box next to the NED layer.

- You may also need to uncheck the thalweg and shoreline layers in order to see Hoover Dam on the DOQ photos

- Zoom in until you can see the dam structure

C.  Adjust the hillshading (it’s a bit dramatic right now!)

- Turn off the DOQ layer, and turn on the NED again

- Go to the Tools menu at the top.  Select Extensions…, then click on 3D Analyst and Spatial Analyst.  Then, “Close”.

* These are two tools, or “extensions”, that allow you to do calculations from the map.

- Go to the View menu at the top.  Select Toolbars -> 3D Analyst.

- On the 3D Analyst dialog box, open the “3D Analyst” dropdown menu and choose “Hillshade”.  Change the z-factor to 0.00001171.

That’s better!

D.  Use the NED to make a contour map

- Turn off the DOQ layers, and turn on the NED, shoreline and thalweg layers

- On the 3D Analyst dialog box, open the “3D Analyst” dropdown menu

- Choose Surface Analysis -> Contours, choose 100 foot contours, then click OK

- Uncheck the NED hillshading layer

Step 4:  Use map to calculate area
A.  Click on the lakebnds (or shoreline) layer

B.  Open Attribute Table

C.  Click on Options, then Add Field and name it “Area”

D.  Expand the new column width

E.  Right-click on the Area column header, and Calculate Geometry, then Yes

F.  Calculate the area in square kilometers

G.  Most of the polygons in the list are small islands so they will not register as having any area (when our units are kilometers).  Scroll down to the last row in the dataset to see the area of the lake surface.

Step 5:  Calculate the evaporation from Lake Mead

The United States Geological Survey calculates evaporation as:

E = (Qs – Qr – Qb + Qv – Qθ)/[ρL(R + 1)],     

where, 

E is evaporation rate,

Qs is the solar radiation incident to the water surface,

Qr is the reflected solar radiation,

Qb is the net energy lost by the water through the exchange of long-wave radiation

Qv is the net energy advected into the body of water,

Q( is the change in energy stored in the body of water,

( is the density of evaporated water,

L is the latent heat of vaporization, and

R is the Bowen ratio.
Look at the variables in the equation.  Not surprisingly, this means you will have more evaporation in a hot, arid climate, which happens to be where most of our reservoirs exist, unfortunately, in the West.  
The USGS has done the initial work for you!  They calculated:

	YEAR
	Evaporation rate (in/yr)

	1998
	88.9 

	1999
	90.7


Use the average of those evaporation rates to calculate the volume of water that evaporates from Lake Mead during one year.  Show your work.

The volume of Lake Mead is approximately 35.2 km3.  What percentage of the inflowing water is lost as evaporation?  Show your work.

Step 6:  Calculate evaporation from pre-dam Colorado River

Find the length of the thalweg using the same general procedure as above, and multiply that length by an average width of 100m for that stretch.  (That will give you the surface area of the pre-dam river.) 

Now, using the same evaporation rate as above, calculate the volume of water that would evaporate from the surface of the Colorado River during one year.  Show your work:

Discuss your results here.  Keep in mind that Lake Mead is just one of many reservoirs built on the world’s large rivers.  Do you know why Lake Mead was built, and what purpose it and other reservoirs in the American West now serve?  (Surf the web if you don’t know.)  So, what’s the problem here??

Step 7:  Make a slope profile from the Lake Mead map

- Click the “interpolate line” button on the 3D Analyst toolbar (looks like a graph)

- Zoom in to some interesting part of the map.  Click and drag to create a straight line, or click multiple points to follow some interesting feature.  For instance, you could draw a straight line across the lake basin to get a cross-sectional profile of the canyon, or you could trace the path of a tributary down a hill to get its slope profile.  (The more precisely you trace a valley or tributary, the more reliable will be your result.)  Double-click to finish the line.

- With that line still “selected”, click the “Create Profile Graph” button on the 3D Analyst toolbar.  

Step 8:  Prepare the map for printing (but don’t print!)
- Zoom out again so you can see the whole map

- Switch to “print view” by clicking the small paper icon at the bottom left corner of the map window

- Add a scale bar by using the Insert dropdown menu (top toolbar).  Click the Properties button the scale bar dialog box, and select “Division Units” appropriate for this map scale.

- Back on the map window (in print view) notice that as you zoom in and out, the scale bar automatically adjusts!

Step 9:  Make your own map of a different river affected by human activity
First, you’ll need to find some data!

- Go to seamless.usgs.gov, and choose an area that you’d like to map.  This website will you give you the national elevation data to make hillshading, contours, etc.  (If you choose the continental U.S., you’re more likely to get data for your area of interest, but you could try your luck finding international sites using the lower interactive map.)  

- Draw a rectangle on the map to zoom in to a particular area.  

- When you are close enough, select the “define rectangular download area” button on the left side of the screen.  Now, drag a rectangle across the area you’d like to map.  

***Check the file size before clicking “download”!  If it’s over 70MB, you should probably zoom in more because it will take a long time to download and process.

- Save to disk (Desktop or your z:drive)

- Go to Desktop (or z:drive) and double-click on the file icon.  Choose the “Extract all files” option on the left side of the dialog box that opens up.  Choose Next, then Next, then Finish.

- Go to Arcmap and open a new file.  Add the NED layer you just downloaded, and make contours.  Add a scale bar, north arrow, name and title (location), as well as a textbox with a brief description of the human impacts to the river you’ve mapped.   Print this map and hand it in with your lab.

Step 10: What has GIS done for you?

List the things that GIS did for you in this lab.  For each item, could you have done it by hand (i.e. with a calculator, ruler and pencil)?

