Lab 3: Hydrology Applications of GIS

The purpose of this lab is to give you a complete hands-on experience with manipulating GIS data for the purposes of a hydrologic analysis of a watershed: download DEM, create Geodatabase, delineate streams and watershed, build theissen polygons, and calculate uniform precipitation depth.
Task A: Data downloads and prep
· Create a data directory under your directory in C driver as Lab3; 

· Download a zipped directory of support files from the server: \\129.115.25.240\XIE_misc\EES6513\Lab3
This zipped file contains:

1) hourly precipitation data from GBRA for 2004 

2) shape file of USGS gage stations 
3) shape file of Texas counties

4) shape file of GBRA precip. gage locations (converted to lat-lon)

5) shape file of a watershed pourpoint

· unzip the tar files also to lab3
· Access USGS Seamless data site,  http://seamless.usgs.gov/ to locate, define, and download a 30 meter (1 arcsecond) DEM of Kerr county, tx (if you do not know where the Kerr county is, you can upload the counties feature in ArcMap and find it.).
· unzip the DEM you downloaded in the Lab3

· Open ArcCatalog, maneuver to lab3 and create a personal geodatabase; name it as yourlastname_geodatabase.mdb
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· From ArcCatalog => open ArcToolbox
· From ArcToolbox => Data Management Tools => Projections and Transformations => Feature => Project
· Select your counties_nad83.shp file as the input feature class
· Use the same path for the output file but name it counties_utm
· Click on the Coordinate systems button

· Select a predefined coordinate system => Projected coordinate systems directory => UTM => Nad 1983 => NAD 1983 UTM Zone 14N.prj
· Click Apply on the next window => Click OK => Click OK

· When complete, close status window.

· Repeat this process for the precipitation gage and USGS gage station shape files in your temp directory (do not do the pourpoint shapefile)
· In ArcCatalog, right click on your personal geodatabase => import => Feature class (multiple)
· Select your new UTM projected shapefiles as the input files => Click OK

Task B: Creating a new ArcMap document
· Open a new ArcMap document and add one of your projected (UTM) feature classes (from the geodatabase); this will set the data frame coordinate system to a UTM zone 14N projection

· Add the remaining feature classes residing in your geodatabase to your ArcMap document
· Add your DEM raster to your ArcMap document

· Move your DEM to the bottom of the layers

· Save your ArcMap document as Kerr_wshed.mxd

· Change the symbology of the counties feature class to “hollow” so the underlying DEM can be seen

· Go to File => Map properties => Data Source options => select Store Relative path names => click OK
Task C: Fill sinks in a DEM

·  Open ArcToolbox => Spatial Analyst Tools => Hydrology => Fill tool

·  Select your DEM file as the input raster => name the output file as filled_dem 

  =>  click OK
· Be patient, this may take several minutes

Task D: Compute flow direction from a filled DEM

· Return to Spatial Analyst Tools => Hydrology => Flow Direction tool

· Select your filled_dem file as the input raster

· Check the box for force all edge cells to flow outward

· Name the output raster flow_dem => click OK
· Zoom in to the flow raster to examine individual pixels

Task E:  Compute flow accumulation from flow direction

· From Spatial Analyst Tools => Hydrology => Flow accumulation tool

· Select your flow_dem file as the input raster

· Name the output raster accum_dem => click OK

· Zoom in to the accumulation raster at a location between precipitation gage kr16 and kr15. Look for a downward loop in the stream channel halfway between the two stations.  What is the value of the flow accumulation at the bottom of the loop?
Task F: Delineate stream channels from flow accumulation

· From Spatial Analyst tool => Reclassfy

· Select accum_dem as input raster

· Delete all values entries except from the first, last and nodata

· Change the first old value ranges to 0-1200 and new value as Nodata, the last entires old to 1201 –max as new value 1, keep nodata as nodata. 

· Name the output raster as stream_dem.

· From Spatial Analyst tool => Convert=>Raster to Feature

· Select stream_dem as input raster

· Use the value field, select polyline, Uncheck Generalize lines

· Name the output shapefile as stream_kerr and save it to your geodatabase.

Task G:  Identifying and a new pourpoint feature class for the watershed
· Display the USGS gage stations layer

· Locate gage station # 8167000 (located at Guadalupe River at Comfort)

· Select this station record in the feature class attribute table (it will be selected in the map view).  Use Select by attributes to facilitate this process. 

· Add the pourpoint shape file to your ArcMap document.  Compare the location of this pourpoint and the USGS gage station 8167000. (You also can create a pourpoint from the selected points and export it as a new feature class.)
Task H: Delineating the watershed

· From Spatial Analyst Tools => Hydrology => Watershed tool

· Select your flow_dem file as your input raster
· Select your pourpoint shapefile as your pourpoint data
· Save your output raster as watershed => click OK

· Spatial Analyst menu => Convert => Raster to Features 

· Select your watershed raster as input and name your output as watershed_poly.shp => click Ok => when prompted to add this new shapefile to your map, say no

· Go to ArcCatalog and import this shapefile into your geodatabase; name it watershed_kerr

· Add this new feature class (from your geodatabase) to your map

Task I:  Creating Theissen polygons for precipitation depth calculation

· Convert your precipitation gages feature class to an ArcInfo coverage

· Return to ArcCatalog => right click on your original precip_gages_utm shapefile => Export => to Coverage => click OK

· Open ArcToobox => Coverage Tools => Analysis => Proximity => Theissen

· Select your precip_gages coverage file as your input coverage => name your output coverage precip_theiss (file name cannot exceed 13 characters) => click OK
· Despite the error message and warnings, this procedure will work

· Export this new coverage to your geodatabase (ask me how). Name it theissen.

· Return to ArcMap and add the new theissen coverage from your geodatabase
Task J:  Clip Theissen polygon feature class with the watershed feature class

· Go to Toolbox => Analysis tools => Extract => Clip
· Select your Theissen feature class as your input feature

· Select your watershed_kerr feature class as your clip feature

· Save your output class as theissen_kerr
Task K:  Prepare your precipitation data from GBRA excel file

· Find the precipitation data in GBRA_hourly_2004.xls associated with a storm on April 6, 2004 from midnight to and including 7 am. local time (8 hours duration). 
· Copy and paste this data for the matching set of precipitation stations (ID: prefix) (that are included as Theissen polygons clips from your map) to another sheet
Task K:  We’re almost done!!  

· Open the theissen_kerr attribute table => Options => Export
· Click on the browse directory => Save as type.txt => name it theissen_output.txt => save it to your temp directory

· Open this text file in Excel => find the last area column (the area for the clips) and copy these data to your precipitation excel spreadsheet

· Be careful to match up the areas with the appropriate station (ID: prefix)
· Determine the cumulative precipitation for each station and then an area weighted precipitation for each theissen polygon within the watershed
· Calculate the uniform depth of precipitation for the watershed based on this 8 hour event

Task L:  Create a map layout of your final map with the following data

· precipitation stations

· pourpoint

· theissen polygons

· watershed boundary

· streams

· underlying DEM (or hillshade), optional
Include on your map a legend (with appropriate names), a north arrow, a scale in kilometers, a title, map feature labels, and a text box containing the precipitation data from task K above and any other metadata you think appropriate. And give a short description about your general step and final results.
