Exercise 4. Watershed and Stream Network Delineation
GIS in Water Resources, Fall 2012
Prepared by David Tarboton, Utah State University

Purpose
The purpose of this exercise is to illustrate watershed and stream network delineation based on digital elevation models using the Hydrology tools in the ArcGIS Geoprocessing toolbox.  In this exercise, you will perform drainage analysis on a terrain model for the San Marcos Basin.  The Hydrology tools are used to derive several data sets that collectively describe the drainage patterns of the basin.  Geoprocessing analysis is performed to recondition the digital elevation model and generate data on flow direction, flow accumulation, streams, stream segments, and watersheds.  These data are then be used to develop a vector representation of catchments and drainage lines from selected points that can then be used in network analysis. This exercise shows how detailed information on the connectivity of the landscape and watersheds can be developed starting from raw digital elevation data, and that this enriched information can be used to compute watershed attributes commonly used in hydrologic and water resources analyses.
Learning objectives
· Identify and properly execute the geoprocessing tools involved in DEM reconditioning.
· Describe and quantitatively interpret the results from DEM reconditioning as a special case of quantitative raster analysis.
· Construct profiles using 3D Analyst.
· Create and edit feature classes.
· Identify and properly execute the sequence of Hydrology tools required to delineate streams, catchments and watersheds from a DEM.
· Evaluate and interpret drainage area, stream length and stream order properties from Terrain Analysis results.
· Develop a Geometric Network representation of the stream network from the products of terrain analysis.
· Use Network Analysis to select connected catchments and determine their properties
· Do an online watershed delineation
Computer and Data Requirements
To carry out this exercise, you need to have a computer which runs ArcGIS 10.1 and includes the Spatial Analyst and 3D Analyst extensions. The data are provided in the accompanying zip file, Ex4Data.zip available at http://www.neng.usu.edu/dtarb/giswr/2012/Ex4Data.zip.  The data files used in the exercise consist of a DEM grid for the San Marcos Basin in Texas from the National Elevation Dataset and stream and watershed data from the National Hydrography Dataset NHDPlus.  If you want to do similar work in a different location you will need to download this data from these data sources.  URL's for these and other data sources were provided in Lecture 4.  
Data description: 
Ex4Data.zip should be unzipped and saved in a folder where you will do your work.  In this exercise the folder C:\Users\dtarb\Scratch\Ex4 has been used.  The unzipped contents of Ex4Data.zip are illustrated below:
[image: ] 
The geodatabase SanMarcos.gdb contains the following data:
[image: ]
Raster analyses such as watershed and stream network delineation are best performed in a consistent projected spatial reference system (or projection).  This is because calculation of slope, length and area are involved and these are best done in linear (not geographic) units consistent with the elevation units.  In this exercise to expedite matters for you the data has all been projected into the NAD 1983 Texas Centric Mapping System Albers.prj spatial reference.  
In the SanMarcos geodatabase the BasemapAlbers feature dataset contains the four necessary feature classes.  Watershed is the set of HUC 12 watersheds within the San Marcos 8 digit HUC 12100203 extracted from the watershed boundary dataset in Exercise 2.  Basin is the San Marcos 8 digit HUC 12100203 boundary obtained by dissolving the HUC 12 watersheds.  Flowline is a subset of NHDPlus flowlines that cover the San Marcos Basin and surrounding area.  USGSGage is a set of USGS stream gages within the San Marcos Basin, similar to what was developed in exercise 2.  
There is also a raster smdem that contains the digital elevation model for this region obtained from the National Elevation dataset.  This DEM is equivalent to the DEM you worked with in Exercise 3, except that it has a smaller cell size (30 m) appropriate for this analysis and has been projected to the NAD 1983 Texas Centric Mapping System Albers spatial reference being used in this exercise.  
The exercise is divided in to the following activities that each comprise a sequence of steps
1. DEM Reconditioning
2. Hydrologic Terrain Analysis
3. Network analysis
Before we start
Select Customize  Extensions 
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Select the Spatial Analyst and 3D analyst extensions.  We will be using both of these during the exercise.
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DEM Reconditioning
DEM reconditioning is a process of adjusting the DEM so that elevations direct drainage towards the vector information on stream position, which in this case are the blue line stream features obtained from NHDPlus.  DEM reconditioning is only suggested when the vector stream information is more reliable than the raster DEM information.  This may not be the case here, but reconditioning is done nevertheless to illustrate the process.  DEM reconditioning as done here involves a sequence of ArcGIS geoprocessing functions.  The strategy is to first convert vector stream features to a raster dataset of grid cells on the streams that has exactly the same dimensions (rows, columns, cell size) as the DEM raster.  This exposes you to a number of new geoprocessing tools (Feature to Raster, Greater Than, Reclassify) as well as Environment Settings to control raster cell size, extent and snapping.  Then the Euclidean distance from each grid cell to the nearest stream is calculated and a Map Algebra expression used to perform the reconditioning which involved lowering the elevation of all grid cells along the streams by 20 units and grid cells near the streams by a value that tapers from 10 to 0 units based on the distance from 0 out to 500 units.  The results are then visualized using 3D Analyst.  By doing this you get some experience using the ArcGIS geoprocessing tools to derive new spatial data from the original DEM and vector streams and a small glimpse into the powerful geospatial analytical capability that these functions enable.
1. Feature to Raster.
Open ArcMap.  Click on the [image: ] icon to add data. In the dialog box, navigate to the location of the data; select both the BasemapAlbers feature dataset and smdem raster containing the DEM for the San Marcos and click on the “Add” button. The data provided will be added to the map display. 
Click on the [image: ] search icon on the standard toolbar to open the ArcGIS search window.  Enter feature to raster and click on the search magnifying glass.  This is a way to find tools if you do not know which toolbox they are in.  You have to however know something about their name or a word used in describing their functionality.
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Click on the Feature to Raster tool.  Select Flowline as the Input features.  Use Field COMID (all we need here is some unique number).  For output raster designate the name FlowlineRaster in the SanMarcos.gdb.  Note that you can save Rasters in a Geodatabase, which is sometimes a convenient way to keep them organized.  Click on the Environments button.  
[image: ]
In Environment Settings expand Output Coordinates and select Same as Layer "smdem".  Expand Processing Extent and select Extent same as "smdem" and Snap Raster as "smdem".  Click OK
[image: ]
Click OK on Environment Settings.  Notice that back on the Feature to Raster tool the output cell size now inherits the value 30 from the snap raster.  Click OK on the Feature to Raster tool.
[image: ]
The result is a FlowlineRaster that represents the flowlines as a raster with value corresponding to their COMID.  The particular field used was somewhat arbitrary as we really just need a value by which to identify stream grid cells.  If you zoom in and adjust the layers displayed you can see that the result is a set of grid cells that have been created from the flow lines.   The grid values on these lines are all large integer numbers because that is what the COMID is.
[image: ]
Save your ArcMap document as Ex4.mxd
2. Threshold using Greater Than to obtain stream raster.
To identify whether a grid cell is part of a stream or not, we use the greater than function to obtain a binary (0, 1) raster of stream cells.  Locate the Greater Than tool (using the search window) and enter the following input, click OK.  This picks out all the cells with COMID’s in them.
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The result is a raster with value 1 for stream cells and no data elsewhere.  
[image: ]
To use in calculations below, we need 0's not NoData off the streams, so let's reclassify this.  Locate the Reclassify tool (using the search window) and enter the following input, click OK.  (It does not matter which of Reclassify (3D Analyst) or Reclassify (Spatial Analyst) tools you select.  They are functionally the same, just associated with different extension licenses)
[image: ]
The result is a raster where NoData values have been replaced by 0's.  If you have trouble getting this function to operate correctly, hit the Classify button and open and close this window.  This seems to enter a new set of Old Values 0-1 in the Old Values column, first row, and then the function works  ok.
3. Distance to streams
Search on distance and open the Euclidean Distance tool.  Set Flowline as the input feature and designate distance as the output raster in the SanMarcos.gdb.
[image: ]
Click on Environments and as before set Output Coordinates same as smdem and Processing Extent same as smdem and Snap Raster to smdem.
[image: ]
The result is a grid giving distances to the streams that looks a bit like the inside of an intestine (sorry!).  
[image: ]
4. AGREE Reconditioning with Map Algebra.
The distance and FlowlineReclas grids contain the information required to do an AGREE like (see Lecture 9 slide 33 and http://www.ce.utexas.edu/prof/maidment/GISHYDRO/ferdi/research/agree/agree.html) reconditioning of the DEM to burn in the streams.  Save your Map document in case of an error, because it is easy to get an error in the next step which requires that the expression below be constructed precisely.  Open the Raster Calculator on Map Algebra and construct the following expression (use the keys in the visual keypad to construct this expression and don’t attempt to type it yourself because the spacing  between the characters in the expression is important to getting this to work properly).
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The output is saved in a raster named smrecon (San Marcos reconditioned) in the SanMarcos.gdb.  The Map algebra expression is interpreted as follows
[image: ]
Note that the units involved are elevation units which in this case are m.  Distance was constructed using map units, which are also m here.
If you have trouble with this step, pick up the required grid from the backup file http://www.caee.utexas.edu/prof/maidment/giswr2012/Ex4/smrecon.zip  
5. 3D Analyst
Let's use Raster calculator and 3D Analyst to see what this has produced.
Use raster Calculator to evaluate the following expression 
[image: ]
The worm like result shows how the DEM has been altered to reduce values along the streams.
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Select Customize  Toolbars  3D Analyst to display the 3D Analyst toolbar 
[image: ]
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Set the target layer in the toolbar to smrecon and click on the interpolate line button [image: ].  Draw a line on the map across a stream.  Then click on the Create Profile Graph button [image: ]  (under the Point Profile button) to obtain a profile graph.  
[image: ]
Repeat the procedure with target layers "smdem" and "diff".  It seems that you have to redraw the line each time, but with a bit of fiddling you can illustrate the effect of reconditioning on the DEM.
[image: ]
To turn in:  
1. Screen captures that illustrate the effect of DEM Reconditioning.  Show the location where you made a cross section as well as the DEM cross sections with and without reconditioning.
Open the attribute table of FlowlineReclas and find the number of grid cells that were mapped as stream cells.  Given that the size of each grid cell is 30 m estimate the length of channels in the area defined by the smdem grid as this number of cells times 30 m.  Actually this is an over estimate because FlowlineReclas approximates the Flowline feature class using a stair step approach.  Nevertheless the result is a rough estimate useful for cross checking.  Use the total number of grid cells in the FlowlineReclas raster dataset, and grid cell area to estimate the total area and take the ratio to estimate the drainage density (Length of Channels/Total Area).
To turn in:  
2. Number of stream grid cells in FlowlineReclas and estimates of channel length and drainage density.
Open the Layer Properties of the diff raster and find the average amount of "earth" removed by the reconditioning process.  Multiply this by the total area to get the total volume of "earth" removed.  The cross section of "earth" removed was a swath 1000 m wide along the streams with triangular cross section (illustrated in a profile graph) going down to 10 m and a spike 30 m wide going down to 20 m.  Calculate the area of this cross section and multiply it by the length of channels to get another estimate of the volume of "earth" removed by this reconditioning.  
[image: ]
To turn in:  
3. Volumes of earth removed estimated from (a) layer properties of diff and (b) from estimates of channel length and cross section area.  Comment on the differences.  
Hydrologic Terrain Analysis
This activity will guide you through the initial hydrologic terrain analysis steps of Fill Pits, calculate Flow Direction, and calculate Flow Accumulation (steps 1 to 3).  The resulting flow accumulation raster then allows you to identify the contributing area at each grid cell in the domain, a very useful quantity fundamental to much hydrologic analysis.  Next an outlet point will be used to define a watershed as all points upstream of the outlet (step 4).  Focusing on this watershed streams will be defined using a flow accumulation threshold within this watershed (step 5).  Hydrology functions will be used to define separate links (stream segments) and the catchments that drain to them (steps 6 and 7).  Next the streams will be converted into a vector representation (step 8) and more Hydrology toolbox functionality used to evaluate stream order (step 9) and the subwatersheds draining directly to each of the eight stream gauges in the example dataset (step 10).  The result is quite a comprehensive set of information about the hydrology of this watershed, all derived from the DEM.
1. Fill
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 function modifies the elevation value to eliminate these problems.
Select Spatial Analyst Tools  Hydrology  Fill.  Set the input surface raster as smrecon and output surface raster as fel in SanMarcos.gdb.  
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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.
2. 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 Spatial Analyst Tools  Hydrology  Flow Direction.
Set the inputs as follows, with output "fdr".  
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Press OK. Upon successful completion of the process, the flow direction grid “fdr” is added to the map.
[image: ]
To turn in:  
4. Make a screen capture of the attribute table of fdr and give an interpretation for the values in the Value field using a sketch.
3. 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 Spatial Analyst Tools  Hydrology  Flow Accumulation.  
Set the inputs as follows
[image: ]
Press OK. Upon successful completion of the process, the flow accumulation grid “fac” is added to the map. This process may take several minutes for a large grid, so take a break while it runs!  Adjust the symbology of the Flow Accumulation layer "fac" to a classified scale with multiplicatively increasing breaks that you type in, to illustrate the increase of flow accumulation as one descends into the grid flow network.   Use 8 classes and hit the “Classify” Button to enable you to select “Manual” method and to type in your class breaks into the window in the lower right hand corner.
[image: ]

[image: ]
After applying this layer symbology you may right click on the "fac" layer and Save As Layer File
[image: ]
The saved Layer File may be imported to retrieve the symbology definition and apply it to other data.
Add the SanMarcos Basin feature class.  This shows the outline of the San Marcos basin.  Change the symbology so that this is displayed as hollow and zoom in on the outlet in the South East corner.  Turn off unnecessary layers so that you can see the basin feature class on top of the fac layer.  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 Basin polygon.  This location is indicated in the following figure.
[image: ]
The value obtained represents the drainage area in number of 30 x 30 m grid cells.  Calculate the drainage area in km2.  
Also examine the edges of the San Marcos Basin as represented by the Basin feature class.  Note the consistency between this basin boundary and streams as represented by flow accumulation.  Notice also how, apart from cutting off a number of meanders, there is generally good agreement between the Flowline feature class and flow accumulation grid.  This is a result of the DEM reconditioning that was performed.   
To turn in:  	
5. Report the drainage area of the San Marcos basin in both number of 30 m grid cells and km2 as estimated by flow accumulation.  
Add the SanMarcos Watershed feature class.  This shows the outline of the HUC 12 subwatersheds in the San Marcos basin.  Change the symbology so that this is displayed as hollow and zoom in on the outlet in the South East corner.  Use the identify tool to find the HU_12_NAME of the subwatershed right at the outlet of the San Marcos Basin.
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Use the identify tool to determine the value of "fac" at the point where the main stream enters and exits the area defined by this most downstream subwatershed.  Subtract the entering fac value from the exiting fac value to determine the area of this subwatershed.  Compare your result to the area reported in the ACRES and Shape_Area attributes of this feature.  The Shape_Area attribute was calculated automatically by ArcGIS when this feature class was created and is in the units consistent with the Linear Unit of this feature class, meters in this case, so area is m2. 
To turn in:  
6. Report the name of the most downstream HUC 12 subwatershed in the San Marcos Basin.  Report the area of the most downstream HUC 12 subwatershed determined from flow accumulation, from the ACRES attribute and from Shape_Area.  Convert these area values to consistent units.  Comment on any differences.
4. Isolating our Watershed
Rather than working with the whole grid, we now want to focus only on the area of the San Marcos Watershed upstream of where flow leaves the Basin feature class.  Lets define an outlet point there to help us.
Open Catalog and right click on SanMarcos\BaseMapAlbers  New  Feature Class 
[image: ]
Set the Name as Outlet and Type as Point Features.  Click Next.
[image: ]
Leave the coordinate system as default (inheriting from the Feature Dataset it is going in to) and click Next.  Click Finish at the last screen without changing any of the fields.
Now let's use the Editor to create an outlet point in this feature class.  Click on the Editor Toolbar button [image: ] on the standard toolbar to activate the Editor toolbar
[image: ]
Click on Editor  Start Editing.  Zoom right in on the outlet at the bottom right where flow accumulation exits the area.  Make sure that the Outlet layer is turned on so that it appears in the Create Features list.  Using the Create Features button on the Editor Toolbar with Outlet clicked carefully place a point at the desired outlet location
[image: ]
[image: ]
[image: ]
Click Editor  Stop Editing.  Respond Yes to the Save Edits prompt.
[image: ]
You should now have a new outlet point feature at your designated outlet.
Select Spatial Analyst Tools  Hydrology  Watershed.  Set the inputs as follows and click OK.
[image: ] 
The result should be a Watershed grid that has the value 1 over the area upstream from the outlet point as evaluated from the flow direction field.  Be careful to call this result Wshed not Watershed because it will get mixed up with the Watershed feature class that you already have in the Geodatabase
5. Stream Definition
Let's define streams based on a flow accumulation threshold within this watershed.  
Select Spatial Analyst Tools  Map Algebra  Raster Calculator and enter the following expression, using the name Str for the output raster.
[image: ]
The result is a raster representing the streams delineated over our watershed.
6. Stream Links
This function creates a grid of stream links (or segments) that have a unique identification.  Either a link may be a head link, or it may be defined as a link between two junctions. All the cells in a particular link have the same grid code that is specific to that link.
Select Spatial Analyst Tools  Hydrology  Stream Link.  Set the inputs as follows and click OK.
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The result is a grid with unique values for each stream segment or link.  Symbolize StrLnk with unique values so you can see how each link has a separate value.
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7. Catchments
The Watershed function also provides the capability to delineate catchments upstream of discrete links in the stream network.
Select Spatial Analyst Tools  Hydrology  Watershed.  Set the inputs as follows.  Notice that the Input raster pour point data is in this case the StrLnk grid.  Click OK.
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The result is a Catchments grid where the subcatchment area draining directly to each link is assigned a unique value the same as the link it drains to.  This allows a relational association between lines in the StrLnk grid and Area's in the Catchments grid.  Symbolize the Catchments grid with unique values so you can see how each catchment has a separate value.  
[image: ]
8. Conversion to Vector
Let's convert the raster representation of streams derived from the DEM to a vector representation.  
Select Spatial Analyst Tools  Hydrology  Stream to Feature.  Set the inputs as follows.  Note that I put the output in the BaseMapAlbers feature dataset. 
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Note here that we uncheck the Simplify polylines option.  The simplification can cause streams to "cut corners" that will result in errors when they are later on matched up with values on an underlying stream order grid during the process of determining stream order.  
The result is a linear feature class "DrainageLine" that has a unique identifier associated with each link.
Select Conversion Tools  From Raster  Raster to Polygon.  Set the inputs as follows 
[image: ]
The result is a Polygon Feature Class of the catchments draining to each link.  The feature classes DrainageLine and CatchPoly represent the connectivity of flow in this watershed in vector form and will be used later for some Network Analysis, that is enabled by having this data in vector form.  
[image: ]
To turn in:  
7. Describe (with simple illustrations) the relationship between StrLnk, DrainageLine, Catchments and CatchPoly attribute and grid values.  What is the unique identifier in each that allows them to be relationally associated?
9. Strahler Stream Order
Run Spatial Analyst Tools  Hydrology  Stream Order with inputs as follows.  
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The result is a Raster StrahlerOrder that holds Strahler Order values for each grid cell.  Let's now associate these with the streams represented by DrainageLine.
Locate the Zonal Statistics as Table (Spatial Analyst) tool and run it with inputs as follows
[image: ]
The result is a Table "OrderTable" that has zonal statistics from the StrahlerOrder grid corresponding to each link in the StrLnk grid.  Open the DrainageLine attribute table.  Select Table Options  Add Field.  Specify the name StrahlerOrder and leave other properties at their default.  (Strahler Orders are small integer numbers that should fit in a Short Integer data type)
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	[image: ]



Select Table Options  Joins and Relates  Join, then specify the Join data as follows
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Respond No to the prompt about indexing.  
The DrainageLine table now displays many more columns because it has included all the columns from OrderTable.  Since the Strahler Order is the same for each link, the fields MIN, MAX, MEAN, MAJORITY, MINORITY, MEDIAN all hold the same value, the stream order and any one of these can be copied into the StrahlerOrder field we just created.  
Right Click on the StrahlerOrder field header and select Field Calculator.  Click Yes to the warning about working outside an edit session, then double click on the OrderTable.MIN field so that the Field Calculator displays as follows and click OK.  
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Notice that the StrahlerOrder field is now populated with the minimum OrderTable.MIN values.  Remove all Joins from the DrainageLine table.  
Symbolize the DrainageLine feature class using Strahler Stream Order for color and line width.
[image: ]

To turn in:  
8.  A layout showing the stream network and catchments attractively symbolized with scale, title and legend.  The symbology should depict the stream order for each stream.  
10. Stream Gauge Subwatersheds
It is often necessary to delineate watersheds draining to specific monitoring points on the stream network, such as stream gages.  Let's do this.  If necessary add the USGSGage feature class.  This is a stream gauge feature class similar to that used in previous exercises.  Zoom in close to one of the gages.  You will see that although close, the gages do not lie exactly on the streams.  
Use Spatial Analyst Tools  Hydrology  Snap Pour Point with the following input
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This results in a raster of pour points close to each gage but on the stream as defined by flow accumulation.
[image: ]
Use Spatial Analyst Tools  Hydrology  Watershed with the following input
[image: ]
This results in subwatersheds delineated to each stream gage.  These may be used with zonal functions to evaluate properties of the subwatersheds draining to these gauges.  
[image: ]
To turn in:  
1. Indicate the field in the gages table that is associated with values in the wshedG.  Give the area in number of grid cells and km2 of each gauge subwatershed.  Add these as appropriate to give the total area draining to each gauge and compare to the DA_SQ_MILE values from the USGS for these gauges.
Network Analysis
Some of the real power of GIS comes through its use for Network Analysis.  A Geometric Network is an ArcGIS data structure that facilitates the identification of upstream and downstream connectivity.  Here we step through the process of creating a geometric network from the vector stream network representation obtained above, and then use it to determine some simple aggregate information.  
Zoom in to near the Outlet and select Start Editing on the Editor Tool.  Sometimes you encounter a warning that certain layers are not editable.  If this happens close and re-open ArcMap.  Click on the Edit Tool (red circle below) then click on the outlet point and drag it until it lines up with the DrainageLine Endpoint as shown below.  It should snap right on.  
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Select Stop Editing and Save on the Editor.
Now open the Catalog window and right click on BaseMapAlbers  New Geometric Network
[image: ]
Click Next on the New Geometric Network screen.  Enter the name SanMarcosNet, then click Next.
[image: ]
Select the features DrainageLine and Outlet.  These will be used to create a Geometric Network. Click Next.  
[image: ]
At the prompt to Select roles for the network feature class switch the role under Sources and Sinks for Outlet to Yes.  This will be used as a Sink for the network.  This is a location that receives flow.  Click Next.
[image: ]
Do not add any weights at the prompt about weights, just click Next.  Click Finish at the summary prompt.  The result is a Geometric Network SanMarcosNet that can be used to perform network operations
[image: ]
Select Customize  Toolbars  Utility Network Analyst  from the main menu to activate the Utility Network Analyst toolbar
[image: ]
Click on Flow  Display Arrows on the Utility Network Toolbar
[image: ]
The result is a set of black dots on each network link.  These indicate that flow direction for the network is not assigned.  
[image: ]
To assign network flow direction the Outlet needs to have a property called AncillaryRole set to be the encoding for Sink.
Open the Editor toolbar and select Start Editing (Click Continue if there is a warning).  Use the Editor Edit Tool to select the point at the outlet in the Outlet Feature Class (There is only one point) and select it in the dropdown that appears
[image: ]
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Click on the Attributes button on the Editor Toolbar to open the attributes display panel.
[image: ]
The panel should show that the AncillaryRole for this point is "None".  Change it to Sink. 
[image: ]
[bookmark: _GoBack]Click on the Set Flow Direction Tool on the Utility Network Analysts toolbar.   You must have the network open for Editing when you do this or the Set Flow Direction tool will be grayed out and inoperable.
[image: ]
You should see the black dots switch to arrows indicating that Flow in the network is now set towards the designated Sink at the outlet.  This network is now ready for Analysis.  Stop Editing, saving edits.
If you have trouble creating the Geometric Network in the preceding instructions, you can pick up a new network geodatabase for this part of the exercise at: http://www.caee.utexas.edu/prof/maidment/giswr2012/Ex4/Ex4Network.zip   You can use this network to continue the exercise.

[image: ]
Zoom to the vicinity of one of the USGS stream gauges and place an edge flag near the gauge using the Utility Network Analyst Add Edge Flag Tool. 
[image: ][image: ]
Set the Trace Task to Trace Upstream and press Solve.
[image: ]
The result is a highlighting of the link that has the edge flag and all links upstream.
[image: ]
Select Analysis  Options 
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Switch the Results format to Selection.  Select Analysis Clear Results and run the trace again.
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Now the upstream features are selected.  Open the Drainage Line feature class attribute table and show selected records 
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Right click on column header Shape_Length  Statistics
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Record the total length and number of stream links upstream of each USGS gauge.  Note that there is a small error in these results due to the gauge being part of the way along the flagged link which is included in the calculations.  The link could be split to make this analysis more precise but that will not be done here (it would add another 5 pages and few hours to this already long assignment).  Switch the Trace Task to Trace Downstream and press Solve again.  Notice how the selected stream links switch to those downstream from the flag.  Determine the total length of these links as an estimate of the distance along the rivers from each gauge to the downstream outlet.  Join the CatchPoly attribute table to the DrainageLine table.  This provides access to the area draining directly to each stream link.  Evaluate the total area upstream of each using Shape_Area  Statistics.  You can also, by placing a flag at an upstream link determine the flow path (and its length) from any distant link to the outlet.  Evaluate the length of the longest flow path by choosing a link that appears to have the longest flow path (a bit of trial and error may be necessary).  Prepare a layout that illustrates the longest flow path in the San Marcos watershed.
[image: ]
To turn in:  
2. A table giving for each USGS gauge the number of upstream stream links, the total length of upstream stream links, the total upstream area, drainage density (total length/total area), number of downstream links along path to outlet, distance to outlet along the streams.  
3. A layout illustrating the longest flow path in the San Marcos watershed and giving the length in km.
Watershed Delineation using ArcGIS World Water Online Cloud Processing Functionality
From the ArcToolbox window, right click for the context menu then click Add Toolbox.  In the browser dropdown double click GIS Servers (you’re going to add a toolbox from a server).
[image: Description: cid:image001.png@01CD7F79.B3891BD0]
Double click Add ArcGIS Server.  
[image: ]
Take the default of “Use GIS Services” and click Next
Enter the following address as the Server URL: 
http://23.20.162.217:6080/arcgis/services 
Username = esri_watershed 
Password = giswr2012
[image: ]
Click Finish
In the Add Toolbox dialog double click on the service arcgis on 23.20.162.217_6080
Double click on the folder called WorldWatershed
Click on the WorldWatershed GP service icon, then click Open
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A new toolbox should be added to your ArcToolbox window called WorldWatershed, which contains a tool called Watershed_nosimp
[image: cid:image004.png@01CD9A7F.5797C260]
This tool will perform watershed delineation based upon the NHDPlus version 1 within the continental US using processing at ArcGIS online.  
Using this system requires the ESRI World Hydro Basemap.  Click the down arrow on the Add Data icon and select Add Data from ArcGIS Online
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Search for “world hydro” and click the Add button on World Hydro Reference Overlay (or whichever piece you want. There are separate pieces for streams, waterbodies, and hydrologic units)
[image: ]
 
Notice how the Basin Feature Class from our work aligns well with the basemap display.
[image: ]

Now open the Watershed_nosimp tool and click on our outlet point to create a WaterShed_Point interactively from the map.
[image: cid:image005.png@01CD9A7F.D1620B00]
Click OK.
The result should be a watershed delineated by the online tool.
[image: ]
You can open the attribute table for this Watershed to see the attributes that this tool has calculated.  This includes elevation, area and slope.   The nice part about this tool is that it can be used to delineate a watershed anywhere in the continental US without having to do all the data processing that we just went through in this exercise.   Later this online watershed delineation capability will be world-wide.
To turn in:  
4. A screen capture that shows the watershed delineated by the online tool.

5. A table comparing the minimum elevation, Maximum elevation and Area determined from the Online tool with values that you obtained from the DEM used in this exercise.  
OK.  You are done!
Summary of Items to turn in.
1. Screen captures that illustrate the effect of DEM Reconditioning.  Show the location where you made a cross section as well as the DEM cross sections with and without reconditioning.

2. Number of stream grid cells in FlowlineReclas and estimates of channel length and drainage density.

3. Volumes of earth removed estimated from (a) layer properties of diff and (b) from estimates of channel length and cross section area.  Comment on the differences.  

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

5. Report the drainage area of the San Marcos basin in both number of 30 m grid cells and km2 as estimated by flow accumulation.  

6. Report the name of the most downstream HUC 12 subwatershed in the San Marcos Basin.  Report the area of the most downstream HUC 12 subwatershed determined from flow accumulation, from the ACRES attribute and from Shape_Area.  Convert these area values to consistent units.  Comment on any differences.

7. Describe (with simple illustrations) the relationship between StrLnk, DrainageLine, Catchments and CatchPoly attribute and grid values.  What is the unique identifier in each that allows them to be relationally associated?

8. A layout showing the stream network and catchments attractively symbolized with scale, title and legend.  The symbology should depict the stream order for each stream.  

9. Indicate the field in the gages table that is associated with values in the wshedG.  Give the area in number of grid cells and km2 of each gauge subwatershed.  Add these as appropriate to give the total area draining to each gauge and compare to the DA_SQ_MILE values from the USGS for these gauges.

10. A table giving for each USGS gauge the number of upstream stream links, the total length of upstream stream links, the total upstream area, drainage density (total length/total area), number of downstream links along path to outlet, distance to outlet along the streams.  

11. A layout illustrating the longest flow path in the San Marcos watershed and giving the length in km.

12. A screen capture that shows the watershed delineated by the online tool.

13. A table comparing the minimum elevation, Maximum elevation and Area determined from the Online tool with values that you obtained from the DEM used in this exercise.  

36

image2.png
BB
5 3 SanMarcos
B Basemaphlbers
& Basin
= Flowiine
@ Watershed
smdem





image88.png




image89.png




image90.png
N T e N T e e e Tl I =
v 78 | Polyiine 78 70 66 89 2934777054 T True E
== 2 T 2T =
T ==
e ==
s —a—H—— e ==
L ==
s e e ==
s e ==
s s ==
s ==
s e ==

e A e
T DI @/mm:ﬁnsﬂm}
amgetne





image91.png
Sort Ascending

Sort Descending
Advanced Sorting.
Summarize
14055 Statistics
58S,





image92.png
Court: 87
Minimum: 166.066017
Maximum: 17197 814921

166.1
33026

66102

08458

130724
16208.9





image93.png




image94.jpeg
oo (i s 7] ¢ & 3| 71 - 2@ O

) Home - Documents\Data
" £ Folder Connections
C:\Users\steve\Desktop

Toolbo £ C:\Users\steve\Documents\ArcGIS\

IDatabs £ C:\Users\steve\Documents\Data
® Databz 3 \\sbandes\dropbox\WorldClim
3GIS Ser B Toolboxes
My Hos [ Database Servers

I Trackin [ Database Connections

& My Hosted Services

E3l Tracking Connections

Name:

Open

Show of type: [Toolboxes





image95.png
=P YA ML

(2] Add WS Server
2] Add WMS Server
4] Add WMTS Server

Neme: dd ArcGlS Server Open

Toobores 5

show oftpe T )





image3.png




image96.png
General =

Server URL; Pttpi]123.20.162.217:6080/arcals/services

ArcGIS Server: hitp:fjmyserver 6080]arcgisjservices
Spatil Data Server: http:jmyserver:3080arcgisrest/services

Authentication (Optiona)

User Name: esti_watershed

Passuord:
7] save Username(Password

‘bout ArcGIS Server connections
‘bout Spatial Data Server connections

<gack.

F=





image97.png
eual

BEG®

Neme: Warldatershed. GPServer Open

Show of type: [ Togbores - Cancel





image98.png
5 @ WorldWatershed
“ Watershed_nosimp




image99.png
Bookmarks

Insert
o

1§

vidExtiSe |
pAlbers
arcosNet

=1

Selection Geopracessing  Custornize  Windows

& addows
89 Add Basemap
55 Add Data From ArcoIS Online,

‘Add Data From ArcGIS Online
Add data from ArcGIS Online

(-] 1 BPA=11=

&

into

your map. The dialag that sppears

anly shows data which can be

added into your map a3 a laye
Sign i to ArcGIS Online to see

data you've uploaded and dat
groups you belang to.





image100.png
@ Arcqls

Search: world hydro

World Hydro Reference Overlay

The World Hydro Reference Overlay Map
senvice is designed to be used a5 a base map
by scientists, professionals, and researchers in
the fields of Hydrology, Geography, Climate,

World Hydro Reference Overlay Waterbodies

The watebodies from the World Hydro
Reference Overlay.

Aranged by Relevance v

World Hydro Reference Overlay Streams

The streamlines from the World Hydro
Reference Overlay.

USA Soil Survey =3
Tris detailed map shows the Soi Survey
"3, | Geographic (SSURGO) by the United States

Department of Agriculture’s Natural
Resaurces Conservation Senvice.

9 Results





image101.png
Ele Edit View Bookmarks

DEES& L OB x 0o b 17ms

Insert Selection  Geoprocessing  Customize  Windows  Help

RPl=1-1=1 =

@Qa@@xies ®-0 %0 GBS TR ¢ 30Anal:

© O CatchPoly
=]
5 B Basin
o
5 O Watershed
[m]
O wshedS
O Gagesnap
© O StrahlerOrder
-
m:
-3
-
ms
O Catchments
O sulnk
O
O wshed
©0 fic
VALUE>
10100

2 x

s
CanTy

Fredsrickbrs

11000000001 - 3¢
13000000001 - 1,
1,000.000001 - 3
3,000.000001 - 1
I 10,000.00001 - 3
130,000.00001 - 1
I 100,000.0001 - 3

o

v

frragiion

Lockhart
LD
Courfiy

Catorada Curamins,

wiade
Guadape

171230582 735570535 Meters





image102.png
‘Snapping Distance

o) [cons ] [Enwronmens..] [Showrep>





image103.png
Ele Edit View Bookmarks

DBES L AR x| b [1758285
RANQ i« FE-TIK @

Table Of Cantents 2 x

%[Ble 818

RPl=1-1=1 =
R lﬂv‘ﬂ‘@i.iDAna\yS("Kwsde

© = Layers =
& (3 GPInMemanyWorkspa

& (3 GPlnMemonyWorkspa
& B Watershed Point C
.
& (3 CAsers\davidExiiSs
& £ Basemaphibers
= O SanMarcosNet,
=0 Outlet
© @ Outet
]

5 O US6SGage

@
& O Dreinageline
0O Drinageline
& O Flowline
© O Catchpoly
=]
& @ Bwsin
o
& O Watershed
]
O wsheds
o 1 GaneSnan

Catorada Curamins,

Pescn cric

wiade
Guadape

G

1751965814 T335576.408 Meters

(e |




image4.png
Extensions

Selectthe extensions you want 1o use

iy
ArcSean
Geostalistical Analst
Network Anabst
Publsher
Schematios

Spatial Analyst
Tracking Analst

o
o
o
o
o
o

Descipton

30 Anabst 101
Copyight 13332012 Esi I All ighs Rieserved

Provides taoks for suface modeing and 3D visualzatian.

Close.





image5.png




image6.png




image7.png
Sech @
€[ 2| ol sercn

[feature to raster

Feature to Raster (Conversion)
Converts features to a raster dataset.

toolboxes\system toolboxes\conversion

_ Polygon to Raster (Conversion)
Converts polygon features to 2 raster d.
e e —





image8.png
Input features

[Fiowline ElE)

Feid
oM -
Output aster

C:\sers\dtarb\Scratch Ex\SanMarcos.gdb FlowineRaster &

cell size (optional)
Pomcmzsws 8





image9.png
4 Output Coordinates.

(same 25 Layer “smden B =)
NAD_1953 Texas _Centric Mapping System Abers =)
Geographic Transformations o
Geogrephc Transormatons ames

il ]

% emirnmen st

|| ¥ workspace n

Environment Settings

Emvironment settings specified in this dialog box are values that will
be applied to appropriate results from running tools. They can be
set hierarchically. meaning that they can be set for the application
you are working in, 0 they apply to all tools: for a model, so they
‘apply to all processes within the model: or for a particular process
within a model. Environments set for a process within a model will
overrride all other setting, and emvironments set for all processes in
‘2 model will override those set in the application

Changing the defautt settings that will be used is a prerequisite to
performing geoprocessing tasks. You may only be interested in
analyzing a small piece of a geographic area. such as changing the
extent for results, or you may want to write all results to a specific
location (for example. changing the current workspace or the
scratch workspace)

Teatrsiemmt sirrewt

Sotom

Tasrae 295536

EIC)
¥ XY Resolution and Tolerance
¥ 1 Values
%2 Values u
o ) o ) [xcrsern ] [_toaren )





image10.png
Input features
[Fiowline ElE)
Feid

oM -
Output aster

C:\sers\dtarb\Scratch Ex\SanMarcos.gdb FlowineRaster =]

@mﬂmt«mﬂ)

Feature to Raster

Converts features to a raster dataset.





image11.png




image12.png
Input raster or constant value 1

FlowlineRaster El=)

Input raster or constant value 2

B =ie)

Output raster

C:\Users\dtarb \Scratch \Ex4\SanMarcos. gdb Binar yRaster m

Greater Than

Performs a Relational greater-than operation on
two inputs on a cell-by-cell basis.

Retums 1 for cells where the fist raster is

greater than the second raster and 0 for cells if
itis not.

(o) o) [Enwromens..] [ <<rerep |





image13.png




image14.png
Reclassify

Reclassifies (or changes) the values in a raster

[pekete Entres

) o) Fomeees) ()

Outputraser
Csers\abiSaatch Bxasantiarcos

[ oc ][ conel ] [emronments..





image15.png
Calculates, for each cell, the Euclidean
distance to the closest source.

C:\Users\dtarb|Scratch Exé\SanMarcos.adbdstance.
Maxinum distance (optional)

Output cel size (optional)
El
Output drection raster (opton)





image16.png
% Environment Settings

e —
e

‘Geograptic Transformatons Names:

San sserer smiem

Left Right
1621751570751 1751771870751

Environment Settings

Environment settings specified in this
dialog box are values that will be applied to
‘appropriate results from running tools. They
can be set hierarchically, meaning that
they can be set for the application you are
working in. so they apply to all tools: for a
model, so they apply to al processes
within the model or for a particular process
within a model. Environments set for a
process within a model will override all
other setting, and environments set for all
processes in a model will override those
setin the application

Changing the defaut settings that will be
used is a prerequisite to performing
geoprocessing tasks. You may only be
interested in analyzing a small piece of a
‘geographic area, such as changing the
extent for results, or you may want to wiite
all results to a specific location (for
‘example, changing the current workspace
orthe scratch workspace).





image17.png




image18.png
Map Algebra expression Map Algebra expression

Layers and varia... Conditional — ~ The Map Algebra expression you want
Con E torun.
pick
Sethul The expression is composed by
Mt ‘specifying the inputs, values,
operators, and tools to use. You can
type in the expression directly or use

abs

I [ 9 9 P ) -t

“smde” - 10 * FlowineRedas” -0.02 * (500 - dstance") * (tdstance” < 500)

-— I&mi}lﬁeMapAlgel:a

pression.
C:\Jsers dtarb\Scratch FEx\Saniarcos, gdb\smrecon =  The buttons are used to enter
numerical values and operators

[ ok ][ concel | [Enviomments...] [ <<idetiep |





image19.png
Subtract 10 at all
streamlgrid cells

i 1

"smdem" - 10 * “flowLineReclas" - 0.02 * (500 - "distance") * ("distance" < 500)

L )\ )
T T

500 500
Subtract an amountthat ~ Only do taper when
10 tapers from 0.02*500=10 distanceis less than
Y- > when distanceis0,to 0 500, otherwise thisis 0
10 H when distanceis 500 and nothing is

from stream subtracted




image20.png
Map Algebra expression

‘The Map Algebra expression you want
torun

The expression is composed by
‘specifying the inputs, values, L
operators, and tools to use. You can |
type in the expression directly or use

o ) Eb)E) e ihe butons and contls o lpyou

« The Layers and variables list
identifies the datasets available | |
to use in the Map Algebra
expression

« The buttons are used to enter
numerical values and operators

Output raster
Ci\sers\dtarb\Sratch Ex4\SanMarcos.gdb

Tool Help





image21.png




image22.png
Customize | Windows Helj  Advenced Editing

Extensior ApUtilities





image23.png




image24.png




image25.png




image26.png
DA
30 Analyst | Layer: & smrecon ~I P L

Profile Graph Title .. = 6

Profile Graph Title

185

180

185

180

175

o 00 1,000 150 2,000
Profile Graph Subtite





image27.png
3D Analyst~ | Layer: [& diff

A

Profile Graph Title

le Graph Title

T

3 Profile Graph Title

-

=

Profile Graph Title

195

190

185

180

175

Profile Graph Title

Profile Graph Title

—

0 500 1,000 1,500 2,000

iProfile Graph Subtitle

0

Profile Graph Subtitle

S00 1,000 1,500

2,000

smrecon
A Y

0 500
Profile Graph Subtitle

1,000 1,500





image28.png
Profile Graph Title.
Profile Graph Title

0 500 1,000 1,500
Profile Graph Subtitle





image29.png
Input surface raster Fill
[omrecon

Outut afac raster
C:\Users\dtarb\Scratch\Ex4\SanMarcos.gdb\fil
Zlimit (optional)

Fills sinks in a surface raster to remove
‘small imperfections in the data.

) [ concel ] [Envirorments... ] [ <<Hidetiep |





image30.png
Input surface raster

[
Outpt ow drecton aster
C:\Users\dtarb\Scratch\Ex4\SanMarcos. gdb\fdr-

[T Foree all edge celis to flow outward (optional)
Output drop raster (optional)

Output flow direction raster

‘The output raster that shows the flow
direction from each cell to its steepest
downslope neighbor.





image31.png
© O Watershed
[m]
El
[=E
-2
-
s
i
b
et
s
El=E
Value
High: 618.495

Low: 508232





image32.png
Input low direction raster

far
Output accumuation raster

Ci\sers\dtarb\Scratch Exé\SanMarcos. gdbifac
Input weight raster (optona))

Output data type (optona))
FLOAT

Creates a raster of accumulated flow into
each cell. A weight factor can optionally be
applied.





image33.png
s o
Casses: |8 Miimm:
fad
st o
b
e
Columns: 100 (5 [ Show Std. Dev. (] show Mean
150000(§8 g
!
of T T T 1
0 979,549.5 1,959,099 2938,6485 3,918,198

[]nap breaks to data values

11375471
o

398,158
31,444,414,780
2,764.2296%9
73,006.34955

Breakvabes %)
100

30

1,000

3,000

10,000

30,000

100,000

L]

e





image34.png
Value <VALUE>

Classification
Manual

Normaization <one>

gusesfs_v) [ Gty ]

Color Ramp.

Synbol  Range
—T]
[_Jmo-30
[0 - 1000
I 1 000 - 3,000
3,000 - 10,000

[ <0000 - 30,000

Label

0-10

100.0000001 - 300
3000000001 - 1,000
1,000.000001 -3,000
3,000.000001 - 10,000
10,000.00001 - 30,000

[ Show diass breaks using cell values
st ihade effct B

[—





image35.png
[fac] & Versio
& Copy
X Remove

Joins and Relates ,
@ ZoomToLayer

48 Zoom To Raster Resoltion
Visible Scale Range ,

= :
@ Create Layer Package.
B Properties.

ENCONNEN:NENEROOO





image36.png
1744120415 72667473 Meters

Goreieo @ [xoaoorsiv @l

Ext.mud - ArcMap. Q- -
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
& B X0 b e G EEEE D @
€« F-08Q bel RS
L] [y
Bx
- Identify
5 5 Layers -
= 3 C:\Users\dtarb\Scratch\Bx#\SanMa| Identify from:
5 29 Basemaphlbers o
& O USGSGage
© @ Flowline
& © Besin
ol
& O Besin Eu
=] L Location: 1,744,794,492 7,266,285.862 *
= O Watershed
Fed  vae
=]
. Clss vae 7
wALE Pielvaue
0100
11000000001 - 300 Identiied 1 feature
33000000001 - 1,000 —_—
1,000.000001 - 3,000
3,000.000001 - 10000
10,000.00001
10,000.00001 - 100,000
100,000.0001 - 78059
O far
ol
O i
0 smrecon
0O distance
@ M FlowlineReclas. . =
« 0 v meie < v




image37.png
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help

ODegda B x| | b- e MIFE4l=1=]1ali-ClT
Drawing~ N () | ] - A ~ /< | @ Al -0 9
Table Of Contents Bx S , ; - ﬂ\ = 3
8¢ 8 e ; '
= £ layers - Pt Bl
5 3 CAUsers\dtarb\Scratch\ N & ey
= B BaseMap 3 i > ¥ ¥ Q
5 M Watershed 3 . 2y AN g 2 H
[= <l cther valo B yas R o ' ; =
HUC 12 (X SR 3 - f b4
oo | | 1 , , 7
a Basin o :
o 4 RY . >
@ Flontine a A - N ) .-
© 8 fe a Ao ‘o i S :
<VALUE> b y - & L3
[10-100 f GEREN Ny b E o
11000000001 - 300 L o g e Z o %
[1300.0000001 - 1,001 * o ) e \
1000000001 -30¢ i y / N
3,000.000001 - 10 2 =
10,000.00001 - 30 ¢
13000000001 - 100, e ®
11100,000.0001 - 3,31 LY, i g ]
o @ i B
- s ‘ X ¢
m2 Y
- - G i \‘\ S ; ~
« i '

1742989.058 7312791824 Meters





image38.png
© (3 SanMarcos

-l

| Feature Class.





image39.png
Type

Type of features stored in this eature dlass:

Port Features

i





image40.png
I8




image41.png
Editor= | » " |

NN A2 IBEIB





image42.png
Basin

[Clessn
Outet

o outet
UsGSGage

® Uscsasge
Watershed

[Dlviatershes




image43.png
editor~| » P |

Nh:th 22 BRI E





image44.png
Edity

TS

Nl:dh X2 =4





image45.png
Save eits




image46.png
Input flow direction raster

[far

Outlet Determines the contributing area above 2
traster or feature tdata

o == set of cells in a raster.

Pour point fild (optonl)
oBECTD

Output raster
C:\sers\dtarb \Scratch|Ex4\Saniarcos. gdb\ished

) [cancel

) [Ehomens) [C<<rieren ] |





image47.png
Map Algebra expression Map Algebra expression

Loyersand ..~ Conditional The Map Algebra expression you want to
Qwshed un

Qfsc
Ot The expression is composed by specifying
S the inputs, values, operators, and tools to
Sar use. You can type in the expression
Semeen directly or use the buttons and controls to

b o A 3 e yesensen

+ The Layers and variables st
identifes the datasets available to
use in the Map Algebra expression

« The buttons are used to enter

Uiy numerical values and operators into

C\sersarb Scatch ExcSniercos. o tr The expression The (and ) butons
can be used to apply parentheses to
the exoression

(fac” > 5000) & Cwshed” > 0)

Tedrds





image48.png
5 sreom ik

Stream Link

Input stream raster
Str |
Input low direction raster

=]
for =&
=

Assigns unique values to sections of a
raster linear network between intersections

Output raster
C:\Users\gtarb ScratchlEx#\Sanitarcos.odb StrL k-

o ([ conel ) (Envrormenis.e) [_<crisere





image49.png




image50.png
Input flow direction aster Pour point field (optional)
[far

Input raster or feature pour point data Field used to assign values to the pour
point locations

Pour point fild (optiona)
Value|
Outputraster
Ci\Jsers dtarb\Scratch |t \Sanarcos. gob \Catchments Ifthe pour point dataset s a feature, use 3
‘numeric field. Ifthe field contains floating-
point values, they will be truncated into
integers

fFthe pour point dataset is a raster, use
Value.

[ e





image51.png




image52.png
;I@A
=)

C:\Users\dtarb \Scratch \Ex4\SanMarcos. gdb \BaseMapAlbers|\DrainageLine.

Stream to Feature

Converts a raster representing a linear network to
features representing the linear network

(o) (el (Emommenisn) [L<<tiieren. ]

[[_Toolrep ]





image53.png
Raster to Polygon

Converts a raster dataset to polygon features

C\Users|\dtarb \Scratch|Ex4\SanMarcos adb\BaseMapAlbers|CatchPoly
[T smpify polygons (optional)

) (o) (B (Czciiern] |





image54.png




image55.png
Stream Order

Assigns a numeric order to segments of a raster
representing branches of a linear network.

Ci\sers\dtarb\Scratch Ex4\SanMarcos.gdb\StrahlerOrder

Method of stream ordering (option)
STRAHLER





image56.png
Input raster or festure zone data

B

Zone field

Ve

Input value raster

[Seahierorder
ouputtabe

CiUsers!david|Ex#{sanMarcos.gdblorderTable

lgnare NaData i calculatons (optional)

Statitics type (optional)

AL

Output table

Output table that will contain the summary of the values in
each zone.

) (Envronmentsns) (<<t

(

ToolHelp





image57.png
By selectBy At

TRy Switch Selection
[ select Al

Turn All Fields On




image58.png
‘Add Field

Neme:  Srebrier

Tee  [Shonbteger

Fied Propetes:

‘Allow NULL Values

Defaut Valie





image59.png
Table

S RO X

M Find & Replace...
Bl Select By Attributes... code | from_node
T
2
BY Switch Selection B
€ Selectal ;
Add Field... g
Turn Al Fields On 7
g
Show Field Aliases 5
Arrange Tables 0 1
1 =
Restore Default Column Widths = e
Restore Default Field Order 3 2
Joins and Relates i
Related Tables

Remove Join(s)

»




image60.png
Join Data =

Jain ks you append addonaldata ta ths layer's attrbute tabl 5o you can,
for exarmple, symbole the layer's eatures using this data,

What do you want to join o ths layer?

Jain attributes from a table

1. Chooss the fieldin tislayer that the jon willbe based on:

grid_code -

2. Choase the table o jain o this layer, or load the tabl from dik:

& ordertabie -1@

7] show the attribute tables of ayers inths st

3. Choose the fild n the table to base the join on

LE -
Join Options
© Keep all records

Allvecords n the target table are shown n the resuling tabl,
Unmtzhed records wil contain nul valuss for a fekds being
ppendd nto the target table from the joi tabl.

Keep only matching records

I a record in the target table doesrt have a match in the join
table, that record is removed From the resulting target table.

[ vedateson |

about oring data [l |






image61.png
Stranierorder 1 OBJECTID® | GRID CODE
Sort Ascending

Sort Descending
Advanced Sorting.

Summarize
I Statistics.

Field Calculator...
Calculate Geometry...

HEREERREEEE

]
]
]

Tum Field Off

|
]




image62.png
OrderTable. GRID_CODE
OrderTable. COUNT
OrderTable. AREA.
OrderTable.MIN
OrderTable.MAX
OrderTable RANGE.
OrderTable. MEAN
OrderTable.STD

[]show Codeblock.

Drainageline.StrahierOrder =
[OrderTable MIN]





image63.png




image64.png
| Snap Pour Point .

Input raster or feature pour pint data

USGSGage
Pour pantfeld (optons)

oBXECTD
Input accumulaton raster

fac

Output raster

C:\sers\dtarb \Scratch|Ex4\Saniarcos. gdb\GageSnap
Snap distance

Snap Pour Point

‘Snaps pour points to the cell of
highest flow accumlation vithin a
specified distance.

) [Evkoments.) [_<<rierep )





image65.png




image66.png
Input flow directon raster

far

Input raster or feature pour point data Determines the contributing area above a set of cells
GageSnap.

in a raster.
Pour point fild (opton)
Valve.

Output raster
C:\Users\gtarb ScratchlEx#\Sanitarcos.gdb wshedG

[ o ][ concel ] [Environments...] [





image67.png




image68.png
Editor

Nl x2lE

DrgifageLine: Endpoint





image69.png
oo

New 2| O Feature lass...
e + | B Reltionship Class..
8 Binar Export | @ Temain..
8 Catc]  Compress File Geodatabsse... 8 Network Dataset..
Ef‘:‘a Uncompress ile Geodatabase... | |1 Topology...
B B Parce by
B | o





image70.png
New Geometric

Enter a pame for your geometric network:
[SanMarcoshet

Snap features within specfied tolerance:
@0
OYes

0.001 Maters.

Line ends and junctons must mtch up precisly For Features to
connect, T they do not match up they can be moved wihin the lmits
Of the snap tolerance, The defut valus i based on the Y tolerance
oF the feature datase.





image71.png
New Geometric Network

Select the feature classes you want to buld your network from:

Sonsinageline
DrainageLineSourceSinks

Toutet

Ussssage

o

Select Al
Cear Al

Unavaisble

1!

<Back

Nt >

Cancel





image72.png
New Geomnetric Network =

Select roles for the the network feature classes

Feature Class Name. Role Sources & Sinks

Eorainsgeline Simpl Edge





image73.png
& L3 SanMarcos.gdb

2 BaseMap
B BaseMaphlbers
@ Catehpoly
& DrainageLine
() DrainageLineSourceSinks
 Flowiine





image74.png
Network: |SanMarcosNet ~| Flow~ & | Analysis~ I ~ Trace Task: [Find Common Ancestors v/





image75.png
Network: | SanMarcosNet v | Flow=[*. | Analysis~ L - 1

Display Arrows For

e





image76.png




image77.png
p |/ LISk £ AlE





image78.png
Outlet

@1

Dramage

—

Drainageline
-
Basin
[ 1003





image1.png
Users\dtarb\Scratch\Ec g

QU

e S q e
Name. - Date modified Type Sizg
i o 26/11629PM il folder

U SonMarcos.gdb

9/26/2011 634 PM

File folder





image79.png




image80.png
OBJECTID
Enabled





image81.png
Network: [sanMarcosNet ~| Flowk [ Bwnalysis - K + Trace Task: [Find Common Ancestors v,





image82.png




image83.png




image84.png
Edge Flag




image85.png
Trace Upstream -4

—





image86.png




image87.png
| Analysis -|LE|+ Trace Ta:

Disable Layers >
Clear Flags

Clear Results

Optior




