ESM 235: Watershed Analysis, 2008




January 10, 2008
Lab 1








Stream Delineation and Watershed Delineation
Purpose

Our goal here is to 1) familiarize ourselves with GIS software, 2) become aware of the applications that GIS offers for watershed analysis, 3) learn how to delineate stream networks and watershed boundaries without getting out of your chair, 4) gain some experience with the uncertainties and pitfalls of these computer calculations.
Description

 You will be required to turn in four reports during this course. However, you do NOT need to turn in this lab. This is just to orient you to using GIS for the second lab, and the rest of the course.
Why do we have to learn about GIS software in this class? The answer is that one can make socially/physically important predictions about the behavior of a watershed using GIS software. These predictions include, but are not limited to, 1) delineation of a watershed, 2) delineation of stream networks, 3) topographical calculations like slope, sun angles, shape etc… 4) energy balance or chemical balance equations (for say evaporation, or snowmelt, or pollutant transport calculations) 4) locations of important features like cities, houses, important flora/fauna etc… 5) hillslope erosion predictions like land sliding and agricultural erosion, 6) stream hydraulics calculations which allow predictions of flood frequency, surface water budgets, groundwater budgets, alluvial sediment delivery, and alluvial contaminant transport. 

We will use ArcGIS 9 and ArcView GIS 3.2 for most of our labs. We would like to use ArcGIS 9 exclusively (because it is more up to date and advanced) but it won’t work for everything we want to do. The reason is that our calculations require add-ons that are not compatible (yet) with ArcGIS 9. 

All of the data you are using today can be obtained from the web. Be aware of these data sources. You might need them in your future endeavors and careers.

Tasks  

1) Make an organized directory for this lab on the C:\ drive of your computer. We will use the C:\ drive in order to make the computer run faster – otherwise this lab could include a lot of waiting. Do not use spaces in the naming of your directory, as this sometimes confuses ArcView and ArcMap. You might call your folder C:\ESM235_Name\Lab1. Since you are putting all your files on the C:\ drive you will have to come back to this specific folder every time you work on this lab (or else you can copy the entire folder “Lab1” to a place on your H:\ drive at the end of today’s work and then, when you want to work at a different computer later, recopy this entire folder to the C:\ drive of the new computer.  The data for this lab can be downloaded as a zip file from http://www.icess.ucsb.edu/~nina/235/lab1/.  Save the file gis-layers.zip from here to your newly created directory, and unzip the contents using WinZip (right click on file).
2) Web browse to http://seamless.usgs.gov/ and learn how to download a SRTM “30 meter” DEM (or NED DEM) and the 1992 National Landcover Dataset (NLCD) for your favorite locale, in the USA. Make sure that the area you download is small, about as big as Goleta, or else the file size is too big. Do not actually download the file – we won’t need it for this class.
3) Web browse to http://nhd.usgs.gov/ and learn how to download a hydrography dataset. This dataset gives you a GIS-compatible map of the stream networks. Again, don’t actually download anything.
4) Start ArcMap (a program included with all ArcInfo installations) and enable the ArcHydro Extension (Tools->Extensions). Save a project file to the Lab1 folder. Click Window->ArcToolBox to gain the view of a list of possible data operations. We will use these options many times, so leave it visible or remember how it is made visible. Now we are ready to rock n roll.
5) Add the DEM called demelevft to the workspace (File->Add Data). Also add the shapefiles called oceanland_lam and clip-project-area-lam. We are going to crop the DEM down to a smaller size so that the calculations are quicker. Accomplish this by looking into the ArcToolBox window (red toolbox icon) and clicking “Spatial Analyst Tools”->Extraction->”Extract by Mask” and specifying demelevft as the “input raster” and clip-project-area-lam as the “mask data”.
6) Now let’s get rid of demelevft because it slows the computer down. Click the right-mouse button on top of the text “demelevft” and select Remove. Also remove clip-project-area-lam. Note: this doesn’t delete the data from the computer’s hard drive; it simply tells ArcMap to stop showing it in the viewing areas of ArcMap.
7) Now we want to cut the ocean area away from the DEM. Click on the little icon that selects features (when you hover the mouse pointer above it you will see the text “Select Features”). Hold down the shift button and click on the two regions of non-ocean area (so that both are selected) and then right-click on the text that says “oceanland_lam”. You will now see a list of options; select Selection->”Create Layer From Selection”. If this is successful in creating a new layer that is comprised of oceanic area then you can remove the oceanland_lam shapefile. 

8) Now clip the DEM again using the same method as before (“Extract by Mask”). Once this clipping finishes you can remove the oceanland_lam-selection shapefile and the extract_dem1 raster file. Cheers, you now have a beautifully clipped DEM! And the fun has just begun.
9) Now we turn to the ArcHydro ToolBar (View>Toolbars) to delineate the streams and watersheds. This toolbar, which looks like the image below, does not come standard with ArcMap. You have to install it yourself, but you can download it free from http://www.crwr.utexas.edu/giswr/hydro/ArcHOSS/index.cfm .
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10) Now we will “burn in” the stream network and storm drain network. We do this because the NHD gives us the location of streams to much greater accuracy than the DEM does. Add the cv-stream-net4a-lam shapefile to your workspace. This stream network is close to the NHD data set, which doesn’t include storm drains accurately. Click “Terrain Preprocessing”->”DEM Reconditioning” and follow through with the operation – give a buffer of 2 and a sharp and smooth drop/raise of 20. When ArcHydro asks you, respond yes to “raising the DEM  above zero”.

11) Click “Terrain Preprocessing”->”Fill Sinks”. This operation gets rid of internal drainage basins in the DEM, and also removes “holes” in the DEM where the data is erroneously missing.
12) Now click “Terrain Preprocessing”->”Flow Direction” and follow through, then “Terrain Preprocessing”->”Flow Accumulation” and follow through.
13) Now we ask ourselves: How do we define a stream with this information? Tom Dunne’s operational definition of a stream is a locus of concentrated water and sediment transport between continuous banks. Click “Terrain Preprocessing” -> Stream Definition.  I used “1.5 square kilometers of contributing area” as the criterion for stream initiation.  This will give you a shapefile of streams. If your last name starts with the letter A – D then use 5 square kilometers to initiate a stream. Likewise, E – P use 2 kilometers. Likewise, O – Z use 0.5 kilometers. Compare your results with classmates. 
14) The last GIS task for this lab is watershed delineation. In order to do this we need to first create “pour points” to define the outlet of each watershed.  To create the “pour point” of your watersheds click on the [image: image2.png]Lab1.mxd - ArcMap - Arclnfo
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 button (Batch Point Generation Tool) in the ArcHydro Toolbox. This creates a shapefile that you can add points to. Give the dialog box some name and click OK. ArcHydro uses these point(s) to start the delineation of watersheds. After clicking on this [image: image3.png]Lab1.mxd - ArcMap - Arclnfo
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button you can click on the map to create points. Create a pour point for Santa Monica, Franklin, and Carpinteria Watersheds (note that you can find these by clicking on the information icon in the Toolbar and looking at the cv-stream-net4a-lam shapefile). Last, click “Watershed Processing”->”Batch SubWatershed Delineation” and presto….. watersheds. Wham bam, you’re done with the lab. Save your ArcMap file and exit.
Practical Resources for Your Future (Make sure to check out these websites)
1) USGS Digital Elevation Model (DEM) data and more, http://seamless.usgs.gov/
2) USGS National Hydrography Dataset (NHD) and more, http://nhd.usgs.gov/
3) ArcHydro download and information site, http://www.crwr.utexas.edu/giswr/hydro/ArcHOSS/index.cfm
4) EPA: wetlands, oceans, and watersheds site, http://www.epa.gov/owow/
5) EPA: clean water act summary, http://www.epa.gov/region5/water/cwa.htm
6) EPA: TMDL summary, http://www.epa.gov/owow/tmdl/intro.html
