








Name: __________________

Sandbars in the Grand Canyon:

An Introduction to Geographic Information Systems Software – ArcGIS

In April, 1996, the Bureau of Reclamation released 45,000 cfs of water through Glen Canyon Dam for one week.  This flow was designed as an experimental flood to study the effects of such flows upon downstream resources and the dynamics of the sediment supply.  Colorado River flow was dropped to 8,000 cfs three days prior and three days after the experimental flood.  One of the many charges to researchers was to measure sand supply in selected “fan-eddy complexes”, which consists of a sandbar and its contiguous eddy system from one debris flow constriction to the next downstream.  This lab is designed to evaluate one of these sites for erosion and deposition at different elevations within the main sandbar before and after the flow.  

Objectives: The purpose of this lab is to provide an introduction to Arcview 9.3, a GIS software program that can be used by geomorphologists to gain a quick, precise understanding of the morphology and morphometry of landforms and landscapes.  You will learn some of the basic principles of Geographic Information Systems (GIS), followed by a short exercise using ArcGIS to evaluate a small fan/eddy complex at river mile 122 in the Grand Canyon. This lab is designed to take you through some step-by-step analytical techniques that will familiarize you with ArcGIS and give you an understanding of the power of GIS.  

Background: Using ArcGIS, we will open a geographic database containing real data from a survey point at river mile 122 of Grand Canyon.  This fan-eddy complex was examined closely in 1996 prior to, during, and after the weeklong release of 45,000 cfs of water through Glen Canyon Dam.  We will look at geographic data describing the morphology of the fan-eddy complex immediately before and after the flood, and six months after the flood.  Using the analytical power of ArcGIS, we will quantitatively describe the local morphological changes that resulted from this flood.  

Helpful Hints: Since many of you have not used ArcGIS software before, here are some guidelines for you to follow throughout this exercise.  In the event that you do not finish this exercise in lab (which should only be the case if you leave early) please note any details that are missing from the guidelines below.  The last exercise is simply a repeat of the first exercise but involves a different dataset.  If you complete exercises 1-4, you can do the rest of the exercise on your own!  

Please read the lab step by step to avoid frustration. We will walk through each part of the first exercise as a group and then you will have the skills to complete the second portion of lab on your own. 

Throughout the following directions, bold text and a * will direct you to the questions at the end of the lab that correspond to the analysis you will have just completed.

Setting up:  

1. Log in to a PC.

2. A “Sandbars” link will be on the desktop of your computer. Double click on this icon.

3. After a minute you should be looking at an image of a sandbar on mile 122 of the Colorado River. If the image does not appear, find the “repeat photography” theme on the left hand side of the screen, right click on the pre-flood selection and select Activate. Click activate again on the same layer to make it disappear. Look at all of the three stacks (pre, during and after). *Use these photos to answer question #1.
PLEASE TRY AND REMEMBER THIS:

***In order to view a ‘Theme’ you must check the box on the left.  In order to evaluate that theme, you must HIGHLIGHT the theme as well.  This selects the theme of interest and allows you to access the analytical tools we will use.   ***
Other hints:

Do not alter the data 

Do not save your project

To view a theme while multiple themes are selected, click and drag that theme to the top of the view bar.  This will bring the image to the front of the others.

Analyzing the data: For this section, it will help you to understand the abbreviations used in the files we are working with.  

122: refers to this site, which is at river mile 122 in Grand Canyon

Pre flood: refers to data collected on March 26th, 1996 before the flood, when river discharge was 5,000 cfs

Post-flood: refers to data collected on April 7th, 1996 after the flood, when river discharge was 5,000 cfs

6-months post flood: refers to data collected in September 1996, six months after the flood 

Pts: denotes themes that display and contain information on data collection points during the surveys.  Clicking on one of these points allows you to view the various ‘Attributes’ of that data point.  See discussion below.
Contours: denotes themes that display contour lines as interpolated from the elevation data collected at each “point.”

Boundary: denotes themes that place a boundary around the survey area

Waters edge: denotes themes that display the waters edge during pre- and post-flood flow.  

You are going to follow the steps below, which walk you through the GIS analysis.  These steps will guide you through the questions at the end of the lab.

Exercise guidelines:

1. Take some time to familiarize yourself with the different themes and their format.  Also, play around with highlighting and checking the themes to view and display the information.

2. *For question #2 use, select the “i” cursor from the upper toolbar.  This will allow you to view the attributes of each data point in the study area.  By simply clicking on a point, a data table appears with the attributes.  Note the number of attributes assigned to each data point.  You can assign any number of attributes to a point, including elevation, location, and other descriptors
3. Creating a TIN

A. A TIN is a triangular irregular network image that is essentially a 3D surface map created by connecting the data points using triangles in xyz space.  Arcview interpolates the data points to create this image in seconds.

B. Highlight and check your elevation (Contours) for the preflood: “Pre Contours”
C. Go to the top of the screen to the gray toolbar and right click on an empty space. A suite of option will appear and CHECK 3-D ANALYST. Now, go to the menu at the top of the page, click Tools, and click Extensions, select 3-D Analyst and Spatial Analyst. Now, in the gray toolbar area on your screen you should see at tab called   “3-D Analyst”. 
D. To create a TIN: Click on 3-D Analyst and select ‘create or modify TIN’, then ‘Create TIN from features’. In the window that pops up, check pre-contours (left hand side). On the right side, for the Height Source select ELEVATION and Triangulate as: “mass points”. In the same window, on the left side, select the Boundary, Height Source: “<NONE>” and Triangulate as: “hard clip”. Name the TIN “preflood” in the bottom of this window and click OK.
E. The TIN should now appear on your screen. You will need to do the same thing for post-flood and 6 months post-flood.
F. *To answer #3, Click on 3-D analyst and select ‘Surface Analysis’ and ‘Area and Volume Statistics’.  Select your “Input Surface” for your pre- or post-flood TIN.  Enter the water line of 631m in the Height of Plane.  Select either the area above or area below and click on Calculate Statistics. At the bottom of the box will appear a 2-D area, an area, and a volume. Fill in the blanks of #3 with the area (not 2-D) and volume. Use this analytical tool to determine the difference in area and volume for both above and below the water line for the pre- and post-flood TINs. You should try and visualize what these numbers mean:


[image: image1]
4. Creating a Cut-Fill image: THE POWER OF GIS!

A. A Cut-Fill theme image displays the difference between the pre-tin and the post-tin models.  The difference is noted as ‘net gain,’ ‘no change,’ or ‘net loss.’  This theme describes the morphological changes that resulted from the 1996 flood.
B. Go back to 3-D Analyst; select ‘Surface Analysis’ then ‘Cut Fill’.  In the box that appears, the ‘Before surface’ box is the pre-flood and the ‘After surface’ will be the post-flood. Z=1. Click OK. ArcGIS will analyze both TINs and generate an image displaying the difference between them.  Red refers to gain while blue refers to loss. 

C. *Answer question 4A based on this cut-fill map.
5. Finding the area of a polygon

A. On the left toolbar, select the Check both the pre-flood and post-flood water’s edges. The area between them represents the beach area that has been added or removed during the flood.  Now, go to the measure tool in the gray tools area in at the top of your screen. Look for a symbol that looks like a ruler. Click on this symbol.

B. In the window that pops up, in the little toolbar select the polygon (a little yellow polygon)

C. Trace out the area between the waters edge lines to determine the area added AND the area removed (you will have to record the two areas and subtract one from the other). You may have to zoom in close to draw an accurate polygon.  Double click when you produce the last point on your polygon, and the area of the polygon will appear in the window for the ruler tool.  

D. *Record these numbers (and units) and answer question 4B.

6. Now you can examine differences between the data collected right after the flood with data 

collected six months after the flood.  By repeating the steps above, you can find the *answers to questions #5 and #6.
ArcGIS Exercise Questions (be sure to include your units!):
1) Which direction is the Colorado River flowing at this site?  How can you tell (other than the large arrow, what can you tell from the river)?

2) When interpreting the elevation coverage for both surveys (pre and post flood) determine minimum and maximum elevations for this “fan-eddy complex”. 

Pre-flood elevation min _______________________________ max_____________________________

Post-flood elevation min________________________________ max ____________________________

3) What are the area and volume calculations for the pre-flood survey?
Above 5000 cfs water line (631m above sea level) _______________________________

Below 5000 cfs water line (631m above sea level) _______________________________

What are the area and volume for the post-flood survey?

Above 5000 cfs water line (631m above sea level) _______________________________

Below 5000 cfs water line (631m above sea level) _______________________________

What do these measurements tell us about the depositional activity during the flood?

4) Create a Cut-Fill map based on the surveys.  

    A.  What does this pattern tell us about where the sand went during the high flow?

B. Find the area between the water’s edge lines.  Give the polygon areas you used to determine the net gain. Clearly show values and calculations.  What was the net gain in beach area as a result of the flood?  

5) Repeat the exercises using the post-flood data and the 6-months post data.  Answer the questions in reference to these datasets ONLY.  Do not incorporate any data from the pre-flood files.

Post-flood elevation min_____________________________________ max ________________________

6-months post elev min______________________________________ max_________________________

6) Area and volume calculations:

Post-Flood:  
Above 5000 cfs (631m)__________________________________

            

Below 5000 cfs (631m)__________________________________

6-months post:   
Above 5000 cfs (631m)___________________________________


     

Below 5000 cfs (631m) ___________________________________

What do these measurements tell us?

7)  In a one to two-page write-up (12 pt, double spaced), summarize what you have learned about pre- and post-flood sediment transport and deposition at river mile 122 of the Colorado River. Then address the following:
A) Is periodic, short-term flooding an effective way to address the ecologic and recreational concerns 
regarding sandbars in the Grand Canyon? 

B) Why or why not? 
Support your conclusions with the data you collected in this exercise and the results of Wright et al. (2008) paper. Feel free to use outside resources. The write-up will be graded based on the quality and clarity of your writing and the evidence you provide to support your argument. Properly cite all references.  
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