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Purpose

The purpose of this exercise is to illustrate, step-by-step, how to use the major functionality available in the Arc Hydro tools for Raster Analysis.  In this exercise, the user will perform drainage analysis on a terrain model for the San Marcos Basin.  The Arc Hydro tools are used to derive several data sets that collectively describe the drainage patterns of the catchment.  Raster analysis is performed to generate data on flow direction, flow accumulation, stream definition, stream segmentation, and watershed delineation.  These data will then be used in a future exercise to develop a vector representation of catchments and drainage lines from selected points. The utility of the Arc Hydro tools is demonstrated by applying them to develop attributes that are useful for hydrologic modeling. 

Computer and Data Requirements

To carry out this exercise, you need to have a computer, which runs the ArcInfo version of ArcGIS. The data are provided in the accompanying zip file, Ex32004.zip. For UT Austin students the files are located on the LRC NT network in the class directory class\maidment\giswr2004\ex3\. This directory can be found in the LRC using Windows Explorer at My Computer\My Network Places\Entire Network\Microsoft Windows Network\ce-lrc\civil\class\. UT students must have a working account in LRC to do this exercise. The working directory for the exercise can be in c:\temp or in the diskette or zip disk drive of the machine you are working on.  The data files used in the exercise consist of DEM grid for the San Marcos Basin in Texas and the hydrography data. Although the data are provided with this exercise at the following URL: http://ceefs2.cee.usu.edu/giswr/ex32004.zip. Ready-to-work data are generally not available in real world, and the steps involved in downloading the NED and NHD data from the USGS website are described in an addendum to this exercise at the following URL: http://www.ce.utexas.edu/prof/maidment/giswr2004/ex3/Downloading_NED_NHD.doc. It is highly recommended that you go through the exercise of downloading the data to make yourself aware of the procedure involved.  
Data description: 

Ex32004.zip contains a data folder with two subfolders: NED and NHD. The NED folder contains the raw DEM named smdem_raw, and the NHD folder contains a geodatabase named NHD.mdb. Inside NHD.mdb, we are interested in NHDFlowline and NHDPoint feature classes stored in Hydrography feature dataset.   

Getting Started

Open ArcMap and load Arc Hydro tools 

Make sure the Arc Hydro tools are installed on the system. This should already have been installed in the LRC lab at UT and the lab in use at USU. The ArcHydro installation file may be obtained from http://ceefs2.cee.usu.edu/giswr/ArcHydrosetup_beta8_08132004.exe if you are working elsewhere.  Open ArcMap. Create a new empty map, and save it as Ex3.mxd (or any other name). Right click on the menu bar to pop up the context menu showing available tools as shown below. 
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Check the Arc Hydro Tools menu. If the Arc Hydro Tools menu does not appear in the list, click on “Customize” (Scroll down the list to see “Customize”). In the Customize dialog that appears, check the Arc Hydro Tools box. 
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You should now see the Arc Hydro tools added to ArcMap as shown below. You can leave it floating or you may dock it in ArcMap.
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Note

It is not necessary to load the Spatial Analyst, Utility Network Analyst, or Editor tools because Arc Hydro Tools will automatically use their functionality on as needed basis.  These toolbars need to be loaded though if you want to use any general functionality that they provide (such as general editing functionality or network tracing).  

However, the Spatial Analyst Extension needs to be activated, by clicking Tools>Extensions…, and checking the box next to Spatial Analyst.

Dataset Setup

The existing NHD data to be used in this exercise are stored in a geodatabase and loaded in the map.  All vector data created with the Arc Hydro tools will be stored in a new geodatabase that has the same name as the stored project or ArcMap document (unless pointed to an existing geodatabase) and in the same directory where the project has been saved (your folder for Ex3). By default, the new raster data are stored in a subdirectory with the same name as the dataset or Data Frame in the ArcMap document (called Layers by default and under the directory where the project is stored).  The location of the vector, raster, and time series data can be explicitly specified using the function ApUtilities>Set Target Locations.
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You can leave the default settings if they are pointing to the same directory where the ArcMap document is saved. 

Load the data to ArcMap
Click on the 
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 icon to add the raster data. In the dialog box, navigate to the location of the data; select the raster file smdem_raw containing the DEM for San Marcos and click on the “Add” button. The added file will then be listed in the Arc Map Table of contents. When an new ArcMap document is created, it does not have any coordinate system, and its coordinate system is defined by the first dataset added to the map document. Look at the bottom-right corner of the document to see the geographic coordinates. This is because the DEM is in geographic coordinates. Therefore, the first step is projecting the data to a coordinate system. Click on the ArcToolbox button [image: image6.png]


 in ArcMap to add ArcToolbox as a dockable window. In ArcToolbox, select Data Management Tools(Projections and Transformations(Raster(Project Raster as shown below:
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Double click on “Project Raster” to get the following form: 
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The input raster is smdem_raw already added to ArcMap, name the output raster as smdem, choose the output coordinate system by clicking at the button next to the input text-box to get the following form: 
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 Then click on Select(Projected Coordinate System(State Systems and click on “NAD 1983 Texas Centric Mapping System Albers.prj. Click “Add”, and press “OK”.  Adjust the resampling technique to CUBIC and the output cell size to 100 m.  (This NED data is at 1 arc second spacing which is close to 30 m, so in general 30 m would be a better choice here, but 100 m is chosen to reduce the size of the resulting grid and speed up data processing.)  CUBIC refers to the cubic convolution method that determines the new cell value by fitting a smooth curve through the surrounding points.  This works best for a continuous surface like topography at limiting artificial "striping" that can appear in a shaded relief map (see below) with the other methods.  Click "OK" to invoke another window on the top-left corner that will project the raster from geographic coordinates to the newly defined coordinate system. After the process is complete, the projected DEM, smdem, is added to ArcMap. You can see that the ArcMap document is still showing geographic coordinates (bottom-right corner). Right click on layers [image: image10.png]F=dLayers |



 in the table of contents, click on Properties(Coordinate System and assign the coordinate system of smdem to the map document as shown below:
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After defining the coordinate system for the map document, add NHDFlowline feature class from the Hydrography feature dataset within NHD.mdb. The NHDFlowline feature class has geographic coordinate system. Project the NHD Flowline feature class by using the ArcTool box. Click on Data Management Tools(Projections and Transformations(Feature(Project. The input feature class is NHDFlowline.  Save the output feature class as NHDFlowline_P within the NHD.mdb geodatabase, and import a coordinate system from smdem to project the flowlines to the same coordinate system as smdem (NAD_1983_Albers).
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Close the ArcToolbox window.  Save and close the ArcMap document. You are now ready for terrain analysis!  (Closing and reopening ArcMap has the effect of making the system "forget" some of the internal information involved with projections that confounds the ArcHydro processing later.)
Exploring the DEM

The spatial information about the DEM can be found by right clicking on the smdem layer, then clicking on Properties(Source. Similarly, the symbology of the DEM can be changed by right clicking on the layer, Properties(Symbology. 
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To be turned in: Cell size, Number of rows and columns of smdem, maximum and minimum elevation values in smdem.  
To explore the highest elevation areas in your DEM Select Spatial Analyst/Raster Calculator.  If you don’t see the Spatial Analyst toolbar, go to View/Toolbars and click on Spatial Analyst.  Double click on the layer smdem with the DEM for San Marcos. Click on the “>” symbol and select a number less than the maximum elevation. This arithmetic raster operation will select all cells with values above the defined threshold. In the example below a threshold of 600m was selected for the Z pixel value of smdem. 
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A new layer called calculation appears on your map. The majority of the map (brown color in the figure below) has a 0 value representing false (values below the threshold), and the red region has a value of 1 representing true (elevations higher than 550 meters).
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Zoom in to the region of highest elevations (red region) and do some sampling on the smdem grid using the identify [image: image18.png]=181x|
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 tool to select a point close to the maximum elevation. In a layout mark your point of maximum elevation and label it with the elevation value for that pixel.
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You can place the dot using the Draw toolbar. It seems that when you zoom out the dot does not show up in zoomed out view.  If that is the case, just show the zoomed-in view, as above.

Contours

Contours are a useful way to visualize topography. This can be done by using the spatial analyst extension through the following steps:
Select Spatial Analyst > Surface Analysis > Contour…
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Select the Input surface as smdem, leave the default parameters, and browse to your output folder. Name output features as contour.shp. If you find that you don’t have contours over your whole extent, it is because one of your Calculation grids has been chosen by default as the Input surface. Make sure smdem is provided as the input surface. 
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A layer is generated with the topographic contours for San Marcos. Notice the big difference in Terrain Relief to the west of the basin compared to the east. This results from the fact that the Balcones fault zone runs through the middle of this basin, to the west of which lies the rolling Texas hill country and to the east the flatter coastal plain.  There is a tower located in the City of San Marcos on which you can stand and see these differences in topography to east and west!
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Another option to provide a nice visualization of topography is Hillshading.

Select Spatial Analyst > Surface Analysis > Hillshade… and set the factor Z to a higher value to get a dramatic effect and leave the other parameters at their defaults (the following hillshade is produced with a Z factor of 100). Click OK. You should see an illuminated hillshaded view of the topography.
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To be turned in:  A layout with a depiction of topography either with contours or hillshade in nice colors. Include the streams from NHD (NHDFlowline). Mark your point of highest elevation and indicate its elevation.

Terrain Preprocessing 

Terrain Preprocessing uses DEM to identify the surface drainage pattern.  Once preprocessed, the DEM and its derivatives can be used for efficient watershed delineation and stream network generation. 


All the steps in the Terrain Preprocessing menu should be performed in sequential order, from top to bottom. All of the preprocessing must be completed before Watershed Processing functions can be used. DEM reconditioning and filling sinks might not be required depending on the quality of the initial DEM. DEM reconditioning involves modifying the elevation data to be more consistent with the input vector stream network (NHD). This implies an assumption that the stream network data are more reliable than the DEM data, so you need to use knowledge of the accuracy and reliability of the data sources when deciding whether to do DEM reconditioning. By doing the DEM reconditioning you can increase the degree of agreement between stream networks delineated from the DEM and the input vector stream networks.  
In general you should be aware that some of the terrain processes may take a long time to finish. Process like DEM Reconditioning, Filling Sinks and Flow accumulation can take 10 to 15 minutes each for a grid with around 4000 x 4000 rows and columns.  In this exercise the grid resolution has been degraded to 100 m to expedite the processing. 
1.  DEM Reconditioning

This function modifies a DEM by imposing linear features onto it (burning/fencing). It is an implementation of the AGREE method developed Center for Research in Water Resources at the University of Texas at Austin. For a full reference to the procedure refer to the web link:  http://www.ce.utexas.edu/prof/maidment/GISHYDRO/ferdi/research/agree/agree.html.

The function needs as input a raw dem and a linear feature class (like the river network) that both have to be present in the map document.

Select Terrain Preprocessing | DEM Reconditioning. 

[image: image24.png]Dt Management Terrain Preprocessing

Fil Sirks
Flow Direction

Flow Accumulaion

Stream Defintion

Stream Segmentation

Catchment Grid Delineation

Catahment Polygon Processing

Drainage Line Processing

Adfoint: Catchment Processing

Drainage Paint rocessing

Longest Flow Path for Catchments
Longest Flow Pathfor Adjon: Catchments
Sope

Slope greater than 30

Slope greaterthan 30 and Facing North

Weighted Flow Accumulation




Select the appropriate dem and linear feature.  The output is a reconditioned Agree DEM (default name AgreeDEM). 
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This process takes about 2 to 3 minutes! Examine the folder where you are working you will notice that a folder named Layers has been created.  This is where ArcHydro outputs its grid results.  A personal geodatabase with the same name as your ArcMap document has also been created.  This is where ArcHydro outputs its vector feature class data.
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If you are curious you can examine what AGREE has done to the DEM.  First examine AgreeDEM properties(Source.  Check that the cellsize and number of rows and columns are the same as the original DEM.  If these are changed then Agree has performed some sort of interpolation, which seems to occur if projections have been changed and can be avoided by closing and re-opening the ArcMap document.  Next use 3D analyst to examine profiles across streams.  Check that 3D Analyst is checked under Tools(Extensions.  Then Activate 3D Analyst on View(Toolbars
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Use the Interpolate Line and Create Profile Graph tools to examine a profile cross section across a stream.
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2.  Fill Sinks

This function fills the sinks in a grid. If cells with higher elevation surround a cell, the water is trapped in that cell and cannot flow. The Fill Sinks function modifies the elevation value to eliminate these problems.

Select Terrain Preprocessing | Fill Sinks. 
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Confirm that the input for DEM is “AgreeDEM” (or your original DEM if Reconditioning was not implemented). The output is the Hydro DEM layer, named by default “Fil”.  This default name can be overwritten.  
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Press OK. Upon successful completion of the process, the “Fil” layer is added to the map. This process takes a few minutes.
3.  Flow Direction

This function computes the flow direction for a given grid.  The values in the cells of the flow direction grid indicate the direction of the steepest descent from that cell.

Select Terrain Preprocessing | Flow Direction.
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Confirm that the input for Hydro DEM is “Fil”.  The output is the Flow Direction Grid, named by default “Fdr”.  This default name can be overwritten.  
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Press OK. Upon successful completion of the process, the flow direction grid “Fdr” is added to the map.
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To be turned in:  Make a screen capture of the attribute table of Fdr and give an interpretation for the values in the Value field using a sketch.
4.  Flow Accumulation

This function computes the flow accumulation grid that contains the accumulated number of cells upstream of a cell, for each cell in the input grid.

Select Terrain Preprocessing | Flow Accumulation.  
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Confirm that the input of the Flow Direction Grid is “Fdr”. The output is the Flow Accumulation Grid having a default name of “Fac” that can be overwritten.
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Press OK. Upon successful completion of the process, the flow accumulation grid “Fac” is added to the map. This process takes about 8 minutes!  Adjust the symbology of the Flow Accumulation layer "Fac" to a multiplicatively increasing scale to illustrate the increase of flow accumulation as one descends into the grid flow network.
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After applying this layer symbology you may right click on the "Fac" layer and Save As Layer File
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The saved Layer File may be imported to retrieve the symbology definition and apply it to other data.

Add the NHD Subbasin feature class from the Hydrologic Units Feature dataset in the NHD geodatabase.  This shows the outline of the HUC's surrounding the San Marcos basin.  Change the symbology so that these are displayed as hollow and zoom in on the outlet in the South West corner.  Use the identify tool to determine the value of "Fac" at the point where the main stream exits the area defined by the San Marcos Subbasin polygon.  This location is indicated in the following figure.
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The value obtained represents the drainage area in number of 100 x 100 m grid cells.  Calculate the drainage area in km2.  
Also examine the southern rim of the basin where there is a NHD stream crossing the NHD subbasin boundary.
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Zoom in on this location and use identify to determine the value of "fac" at the point where this small stream "enters" the delineated HUC.  Determine the corresponding area in km2.  If we assume that the DEM (from NED) and NHD flowline data is higher quality than the NHD subbasin boundary this indicates an omission of area due to inaccurate delineation of the subbasin boundary.
To be turned in:  Report the drainage area of the San Marcos basin in both number of 100 m grid cells and km2 as estimated by flow accumulation.  Report the omitted drainage area assumed due to imprecise delineation at the location indicated on the southern edge, in both number of 100 m grid cells and km2.
5.  Stream Definition

This function computes a stream grid which contains a value of "1" for all the cells in the input flow accumulation grid that have a value greater than the given threshold.  All other cells in the Stream Grid contain no data.

Select Terrain Preprocessing | Stream Definition.
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Confirm that the input for the Flow Accumulation Grid is “Fac”.  The output is the Stream Grid.  “Str” is its default name that can be overwritten.
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A default value is displayed for the river threshold.  This value represents 1% of the maximum flow accumulation: a simple rule of thumb for stream determination threshold. The threshold drainage area to generate a stream is then 3601 x 100 x 100 / 1000000 = 36 km2. However, any other value of threshold can be selected. For example, the USGS Elevation Derivatives for National Applications (EDNA http://edna.usgs.gov/) approach uses a threshold of 5000 30 x 30 m cells (an area of 4.5 km2) for catchment definition. A smaller threshold will result in a denser stream network and usually in a greater number of delineated catchments.  Objective methods for the selection of the stream delineation threshold to derive the highest resolution network consistent with geomorphological river network properties have been developed and implemented in the TauDEM software which you will be exposed to in a future exercise (http://www.engineering.usu.edu/dtarb/taudem.)
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Press OK. Upon successful completion of the process, the stream grid “Str” is added to the map.
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6.  Stream Segmentation

This function creates a grid of stream segments that have a unique identification.  Either a segment may be a head segment, or it may be defined as a segment between two segment junctions. All the cells in a particular segment have the same grid code that is specific to that segment.

Select Terrain Preprocessing | Stream Segmentation.
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Confirm that “Fdr” and “Str” are the inputs for the Flow Direction Grid and the Stream Grid respectively.  The output is the Link Grid, with the default name “Lnk” that can be overwritten.
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Press OK. Upon successful completion of the process, the link grid “Lnk” is added to the map.
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At this point, notice how each link has a separate value.
7.  Catchment Grid Delineation

This function creates a grid in which each cell carries a value (grid code) indicating to which catchment the cell belongs.  The value corresponds to the value carried by the stream segment that drains that area, defined in the stream segment link grid 

Select Terrain Preprocessing | Catchment Grid Delineation.  
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Confirm that the input to the Flow Direction Grid and Link Grid are “Fdr” and “Lnk” respectively.  The output is the Catchment Grid layer.  “Cat” is its default name that can be overwritten by the user.
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Press OK. Upon successful completion of the process, the Catchment grid “Cat” is added to the map. You can recolor the grid with unique values to get a nice display.
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8.  Catchment Polygon Processing

The three functions Catchment Polygon Processing, Drainage Line Processing and Adjoint Catchment Processing convert the raster data developed so far to vector format.  The rasters created up to now have all been stored in a folder named "Layers".  The vector data will be stored in a feature dataset also named "Layers" within the geodatabase associated with the map document.  Unless otherwise specified under APUtilities(Set Target Locations the geodatabase inherits the name of the map document (Ex3.mdb in this case) and the folder and feature dataset inherit their names from the active data frame which by default is named "Layers".  

When the first function that creates vector information is executed it creates the "Layers" feature dataset.  In preparing this exercise we had a lot of trouble getting this to work correctly.  One property of a feature dataset is its X/Y domain.  A feature dataset can not hold data outside of its X/Y domain.  The feature dataset created by Catchment Polygon Processing reportedly inherits the extent from the top layer in the ArcMap document display.  Therefore the top layer should be one that occupies the full extent needed.  If the layer on top is of lesser extent then some polygons may be omitted and the adjoint catchment processing step to be done later will fail.  This problem can also be avoided by tediously creating a feature dataset named layers within the geodatabase with sufficient X/Y domain prior to running Catchment Polygon Processing.  See appendix for procedure to the feature dataset "Layers" with functional extent.  I was able to create a functional feature dataset with the "contours" shapefile feature class on top, without having to go through the procedure in the appendix.  
[image: image53.png]]2 ex3.mH =10/ x|

| Fle Edit View Insert Selection Took Window Help

DEeEd&E ] ® [11154949 ] ||:Z & @ O | N2 | Spatial Analyst ¥ | Layer: [smdem |
Editor v M [ Il I

Terrain Preprocessng v Watershed Processing ¥ AtfribLite Tools ¥ Network Tools ¥ ApUtiities ~

. 2 T3 @ ™ Hep | BasicGr

e {—Contour Layer on top =

Lk Ly}
Value ]
High : 120 -
ILOW 1 1

2 Str

-
& B NHDFlowine_P 3
= ™ Fac [
<VALUE> &

[ J0- 100

| =1 100.0000001 -
| =1 300.0000001 -
I 1,000,000001 -

; it
S y e . prgc
- 300N onnnN 1 -
jOi—— L
Dipley [Source] Selection jom =4 o
| Drawing v & O~ A~ 0) Arial Y[iv] Bz UulAr &~ S~ o~

\ 161667455 735660332 Meter:





Select Terrain Preprocessing | Catchment Polygon Processing.

This function converts a catchment grid into a catchment polygon feature.  
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Confirm that the input to the CatchmentGrid is “Cat”.  The output is the Catchment polygon feature class, having the default name “Catchment” that can be overwritten.
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Press OK. Upon successful completion of the process, the polygon feature class “Catchment” is added to the map.
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Open the attribute table of "Catchment".  Notice that each catchment has a HydroID assigned that is the unique identifier of each catchment within ArcHydro.  Each catchment also has Shape Length and Area attributes.  These quantities are automatically computed when a feature class becomes part of a geodatabase.  
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If any catchments are missing Length or Area this would be symptomatic of the X/Y domain problem and the feature dataset would need to be deleted and recreated with a sufficiently large X/Y domain following the procedure in the appendix.

9.  Drainage Line Processing

This function converts the input Stream Link grid into a Drainage Line feature class.  Each line in the feature class carries the identifier of the catchment in which it resides.

Select Terrain Preprocessing | Drainage Line Processing.  
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Confirm that the input to Link Grid is “Lnk” and to Flow Direction Grid “Fdr”. The output Drainage Line has the default name “DrainageLine”, that can be overwritten.
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Press OK. Upon successful completion of the process, the linear feature class “DrainageLine” is added to the map.
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Compare the drainage lines delineated from the DEM procedure with the NHD flowlines.

To be turned in:  A layout with a comparison of the generated DrainageLine and the NHD river network for San Marcos. Make comments on this comparison and suggest ways to improve the match between them.
10.  Adjoint Catchment Processing

This function generates the aggregated upstream catchments from the "Catchment" feature class.  For each catchment that is not a head catchment, a polygon representing the whole upstream area draining to its inlet point is constructed and stored in a feature class that has an "Adjoint Catchment" tag.  This feature class is used to speed up the point delineation process.

Select Terrain Preprocessing | Adjoint Catchment Processing.
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Confirm that the inputs to Drainage Line and Catchment are respectively  “DrainageLine” and “Catchment”. The output is Adjoint Catchment, with a default name “AdjointCatchment” that can be overwritten.
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Press OK.  Upon successful completion of the process, the polygon feature class “AdjointCatchment” is added to the map.
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11.  Drainage Density Evaluation
Now we will do some analysis to evaluate the drainage density of the San Marcos stream network.  Drainage density is a fundamental property in Geomorphology because it specifies the scale where there is a transition from hillslope to channel processes.  First we need to determine the drainage area of the San Marcos basin.  We have one estimate from the flow accumulation grid above.  How does this compare to area of the San Marcos subbasin HUC polygon?  

The attribute table of the Subbasin feature class within the HydrologicUnits feature dataset in the NHD geodatabase gives a shape area but the units of this are not specified (most likely they are decimal degrees).  To evaluate the area of the San Marcos Subbasin select it within the Subbasin feature class then right click on Subbasin in the table of contents and select Data(Export data:

[image: image64.png])
Osr %
& B NHDF

=} Fac
<VA
co-1 ®

[ 100.

Copy.
Remove

[ Open Atfribute Table

Joins and Relates
Zoom To Layer

Visble Scale Range

' B Attributes of Subbasin —|of x|

HU § o

Austin Travis Lakes. Texas,
Lower Colorado-Cummins. Texas.
Pedernales. Texas,

Upper Guadalupe. Texas.

1300,
- 100
- 300
- 0c
- 0c
= 100
AEFE
o1 =
-

-4
-

Use Symbol Levels

Selection

Label Featires
ConyertLabels o Annotation,
Convert Features to Graphics,

Save As Layer Fie.

San Marcos. Texas
Middle Guatalupe. Texas. i

« >

Recordt 14| <[ 1 0[] Show [AI Selectec

Sef Data Source,





Designate the output feature class as one named "Subbasin" within the project geodatabase feature dataset "Layers". 
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Click OK to add the exported data to the map.  Open the attribute table of the feature class "Subbasin".  
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Notice that this has an attribute Shape Area that was created during the export of the feature class and is consistent with the spatial reference of the "Layers" feature dataset.  This area is therefore in m2 and may be compared to the drainage area obtained from flow accumulation.  Note this draiage area.
Next we'll calculate the length associated with the DrainageLine feature class delineated from the DEM.  This feature class includes streams outside the San Marcos basin.  To obtain only those features within the San Marcos basin select:  Selection(Select by Location
Select features from "DrainageLine" that intersect 'Subbasin" in the dialog below:
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Click Apply and Close.  The DrainageLine features that intersect with the San Marcos subbasin should be selected.
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Open the attribute table associated with DrainageLine and Click Show "Selected"
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Right Click on Shape Length and select Statistics.  Note the Sum in the statistics that are displayed.  This represents the length of DrainageLine features that intersects with the San Marcos subbasin in meters.  Note this result.
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Open the attribute table of the projected NHDFlowline feature class and use Statistics on Shape Length to obtain the total length of streams from NHD.

To turn in:  Report the drainage area of the San Marcos basin in km2 estimated from both the DEM flow accumulation and subbasin HUC.  Report the length of streams in the San Marcos basin in km from both the DEM delineated drainage lines and NHD flowlines.  Calculate the drainage density (length/area) in km/km2 for both the DEM delineated drainage lines and NHD flowlines.  Use the area that you feel is most appropriate.  Comment on reasons for  the differences in drainage density.
OK. You are done!

Summary of Items to turn in
1. Cell size, Number of rows and columns of smdem, maximum and minimum elevation values in smdem.  
2. Layout with a depiction of topography either with contours or hillshade in nice colors. Include the streams from NHD. Mark your point of highest elevation and indicate its elevation.

3. Make a screen capture of the attribute table of Fdr and give an interpretation for the values in the Value field using a sketch.

4. Report the drainage area of the San Marcos basin in both number of 100 m grid cells and km2 as estimated by flow accumulation.  Report the omitted drainage area assumed due to imprecise delineation at the location indicated on the southern edge, in both number of 100 m grid cells and km2.
5. A layout with a comparison of the generated DrainageLine and the NHD river network for San Marcos. Make comments on this comparison and suggest ways to improve the match between them.
6. Report the drainage area of the San Marcos basin in km2 estimated from both the DEM flow accumulation and subbasin HUC.  Report the length of streams in the San Marcos basin in km from both the DEM delineated drainage lines and NHD flowlines.  Calculate the drainage density (length/area) in km/km2 for both the DEM delineated drainage lines and NHD flowlines.  Use the area that you feel is most appropriate.  Comment on reasons for  the differences in drainage density.
Appendix.  Procedure for creation of feature dataset with X/Y domain sufficient to avoid vector processing problems.
The three functions Catchment Polygon Processing, Drainage Line Processing and Adjoint Catchment Processing convert raster data to vector data in a feature dataset.  If this feature dataset has X/Y domain that is too small errors can result.  If this occurs a new feature dataset needs to be created.  

1  First use the pointer in ArcMap to note X/Y domain coordinates that cover the entire domain of the DEM (xmin: 1120000, xmax: 1252000, ymin: 811900, ymax: 897000 in this case).  
2.  Close ArcMap and open ArcCatalog.  Right click on the personal geodatabase associated with your map document (ex3, inheriting the name from the map document).  If the feature dataset "Layers" is present, delete it.  Next create a New Feature Dataset. 
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Specify the name "Layers" and click on Edit to edit the spatial reference
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Click Select and browse to the desired projection (NAD_1983_Texas_Centric_Mapping_System_Albers).
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Click on X/Y Domain and set the bounds to the values noted above
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Click OK twice to create the "Layers" feature dataset.  Close ArcCatalog.
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