Exercise 3: Computing Basin Characteristics

Exercise 3: Computing Basin Characteristics
In this exercise we will explore setting up the ArcHydro XML configuration to compute the basin characteristics we want. Once we have the XML set up the way we want, we’ll learn how to save that as a standard configuration in the default XML, so we can get that setup back easily. We will only do a few basin characteristics in this example. Complete documentation of setting up basin characteristics in the XML can be found in the ESRI document Local Parameters Configuration.pdf. Information on this may also be found in the ArcHydro Help menu, under ArcHydro Tools/Attribute Tools/Parameters Configuration. 

1. Make a Part3 folder under your workspace. Get the bc_layers.zip file from the web site and extract the bc_layers folder here. This contains a grid of forest cover for the study area. 

2. If Exercise 2 went flawlessly for you, copy your Part2/archydro folder into Part3. Otherwise, get the Part2_DONE.zip file from the web site and extract it into a folder named “archydro” under your Part3 folder (and parallel to your bc_layers folder. 

3. Open ArcMap. First load the forestg grid from bc_layers and take a look at it. Notice it has 1’s wherever there is forest, and 0’s everywhere else. 
4. We need to copy the elev_cm grid from the NHDPlus source folder into each of our RPU workspaces. Use the ArcCatalog window within ArcMap to copy the elev_cm grid from each RPU under NEDSnapShot into the corresponding folder under Part3\archydro, and rename the grid to dem. Notice we don’t have a br1 folder. Let’s make a folder under Part3 named “tier2_areas”, and make a br1 folder under it. We’ll use this folder when computing basin characteristics, but once we’ve done that, we won’t need it for our global archydro data. 
5. Now, let’s compute a grid of percent slope for each of our two “HUC” workspaces. We will use the StreamStats Toolbox> Misc_Utilities>Compute Slope in Percent tool. We usually will need to do this on a lot of HUCs (a.k.a. RPUs), so we’ll do this with the Batch Grid. Get this by right-clicking the tool and selecting the “Batch…” option. Right-click on the green box under “Working Directory”, and choose “Browse”. Highlight both br2 and br3 folders under Part3\archydro, then click “Add”. This adds a row for each to the batch grid. (This is very handy when you’re doing a few dozen of these at once.) Click on the “plus” button to add another blank row, browse again, and find the br1 folder. 
Check all the values to make sure they are correct, and click the “Check Values” button to be sure. (It checks everything to make sure it is valid, but you need to make sure they are correct.) Note the default for the Output Grid Name is bsldem10m, but since we are working with 30-m dem data, change this to bsldem30m. You can change just the first one, then right-click and choose “Fill” to fill in that value for all the following records. Now your batch grid should look like this: [image: image18.png]i
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Click OK. It will run and compute the three slope grids.

Next, we will take a look at the XML configuration for Basin Characteristics in ArcHydro.

6. Open the XML Manager from the ArcHydro Toolbar, ApUtilities pulldown menu. Expand the nodes of the XML till you see the following nodes in the XML:

HydroConfig/ProgParams/ApFunctions/ApFunction(GlobalPointDelineation) HydroConfig/ProgParams/ApFunctions/ApFunction(WshParams) 

It will look something like the illustration below. 

[image: image2] 

7. In a nutshell, you want to set up everything under these two nodes (WshParams and GlobalPointDelineation) the way you want it. We’ll walk through this process using the state of “Demo” as an example. Our example basin characteristics are: DRNAREA, ELEV, BSLDEM30M, and FOREST. USGS OSW policy mandates that we use a controlled set of basin characteristic names, so that we don’t end up with 50 different names for the same thing. These names are stored in a database called StreamStatsDB. You can check for existing names at http://water.usgs.gov/osw/streamstats/bcdefinitions1.html If you need additional names, you should coordinate those with Todd Koenig (tkoenig@usgs.gov) as early as possible, to avoid having to rename these later. 

8. We want to set it up so we the Demo configuration is available every time we start up ArcMap. So close the XMLViewEdit window and close ArcMap. Make a copy of the ArcHydroTools.xml file from the C:\Program Files (x86)\ESRI\WaterUtils\ArcHydro\bin (on a 64-bit system) or C:\Program Files\ESRI\WaterUtils\ArcHydro\bin (on a 32-bit system) folder and put it in your exercise folder. This is the default XML for the ArcHydro Tools. Rename the copy of the file ArcHydroToolsDemo.xml, so you will know what is in it. (I usually add the date to the name.)

9. Drag the ArcHydroToolsDemo.xml file onto the ApXMLViewEdit icon to open it. 
10. Expand HydroConfig/ProgParams/ApFunctionConfigs.  Under here, expand ApFunctionConfig/ApFunctionDatasets/ApFunctionDataset/ArcHydroTools. This is the default configuration for the ArcHydro tools. Look under ApFunction(WshParams)/ApFields(ApFields). This is where the basin characteristics are set up for local computation. Now find the ApFunction(GlobalPointDelineation) node, and the GlobalParameter node under it. This is where the global parameters are set up. The local parameters basically control how a parameter is computed, and the global parameters control how it is aggregated from an upstream HUC. 

11. Further down, find the ApFunctionConfig for StreamStats. It will have Name=Streamstats and TagName=ApFunctionConfig. Expand it and you will see configurations for many states. Each of these contains the parts of the XML code that are unique to these states. We can load one of these XML configurations, and we will be set up to compute all the basin characteristics for that state. We can also take pieces from any of these configurations and build our own custom configuration. 

12. The best way to set up basin characteristics is to start with the list from other states and modify it to suite our needs. We will make a configuration for the State of Demo by copying one of the other states, pasting it to the same level in the XML, and then modifying it to suite our needs. For this example, we will copy and paste the Colorado config, since it is close to what we need. Now right click on the pasted version of Colorado (at the bottom of the list of state configs) and choose Edit Attributes. Change the “Colorado” to “Demo” in the Name and TagName Attributes. Under ApFunction(WshParams)/ApFields(ApFields), delete the ApFields except for DRNAREA, ELEV, BSLDEM10M, and EL7500. To delete a node, right-click on it and choose delete. 

13. Take a look at each of the ApFields. DRNAREA is just as we want it. 
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Note the ISWATERSHEDAREA=1 parameter in the AdditionalParams field. This tells the tools that this parameter is the one to consider as the watershed area. You need one parameter that is identified as such. Almost always it is DRNAREA, but a couple states use only contributing drainage area, so they would have CONTDA instead of DRNAREA.

14. The ELEV ApField is almost the way we want it, too. [image: image4.png]Attributes of ApField [_[C1x]
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In the AdditionalParams, remove the “DATASET=DEM;APLAYER=RawDEM;”. These used to be the way we told it what grid to get the slope values from, but this has changed, and the above AdditionalParams no longer have any affect. We’ll remove them, since they would cause the program some confusion. 

Notice it uses a COMPMETHOD=MEAN and UNITS=FT in the AdditionalParams. There are several standard COMPMETHODS, including MIN, MAX, MEAN, RANGE, PERCENT, STD, and MEDIAN. See the ArcHydro Help for the complete list. The help also lists the various UNITS options, as well. 
15. The BSLDEM10M ApField is nearly what we want. Right-click and choose Edit Attributes on it. Change the Name, TagName, and AliasName to BSLDEM30M, and change the 10 to 30 in the Desc. In the AdditionalParams, remove the “DATASET=WshSlope;APLAYER=WshSlope;”. Notice also the FORMAT=00.0 param. This formats how the results are displayed in the web application, and specifies 1 place to the right of the decimal. The Decimals field is how many decimal places are actually stored in the feature classes. Best practice is to make this one more than the number to be displayed. Otherwise rounding is not done properly. So make the Decimals field “2”. Expand the ApLayers(ApLayers) node, and notice the WshSlope layer is specified. Right-click to edit its attributes, then change Name, TagName, and AliasName to “bsldem30m”. This is the name of the slope grids we computed in each workspace during Step 5. Note this is sometimes case sensitive, so always name your grids in lower case and specify them here in lower case. Also change the Desc to be “30” instead of “10” m. 
16. We’re going to change the EL7500 parameter to be our parameter for the percent of the area that is forested. We chose EL7500 because it is very similar to the parameter we want, which is the percent of the area in a category. (Note the COMPMETHOD=PERCENT in the AdditionalParams field.) Right-click on the ApField(EL7500) and choose Edit Attributes, then make it look like the following:
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17. Expand the node so you can see the ApLayer(highg) under this node, and Edit Attributes on it so it looks like the following: 
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This is how you specify a grid that is to be used as the source for a standard parameter. A standard parameter is one that does not have a COMPMETHOD=CUSTTYPE in its Additional Parameters. Now the FOREST node should look like this:
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Note we can provide the grid in our MXD to use for this parameter if it is statewide. If we have not loaded a global grid called forestg and it doesn’t find this grid in the MXD, it will assume the grid is in the HUC workspace and is named forestg there. If it doesn’t find it there, it will look in the bc_layers folder. 
18. Now expand the ApFunction(GlobalPointDelineation) node. There are several things under here that need our attention. For now skip down to the bottom and expand the GlobalParams node. Under that you’ll see a list of Parameters that matched with the list of ApFields under WshParams when we first started. Here we’ll delete as before all the Parameters except the four we want: DRNAREA, ELEV, EL7500, and BSLDEM10M. 

19. DRNAREA, and ELEV are already fine. For EL7500, we need to Edit Attributes, and change TagName, InputField, and OutputField to FOREST. Notice also this is a WeightedAverage type field, and the weight field is DRNAREA. 
20. Edit Attributes and change BSLDEM10M in TagName, InputField, and OutputField to BSLDEM30M, also. 
21. Now lets scroll back up to just under the ApFunction(GlobalPointDelineation) node. Right-click on SnapToleranceNumCells and choose Edit Text. This tolerance is basically how close a user needs to click near a stream grid cell to snap onto that cell. Right now I think 3 cells is about right for 10-m grids, and 2 cells should be enough for 30-m grids. Be sure to leave SearchTolerance at 0.5 cells. (This is the distance it will snap to the global streams vector network, and we had trouble with it when set larger than this.)

22. Scroll down a few lines to SnapStreamGrid. Right-click and choose Edit Text. Change this to str100. This is the grid we want to snap to if we’re within the SnapToleranceNumCells we just set above. We created this grid in each workspace when we ran the Post HydroDEM.AML Processing tool. 
23. Now save the XML file and copy it back into the C:\Program Files\ESRI\WaterUtils\ArcHydro9\Bin folder. Delete the ArcHydroTools.xml file that is there, and rename our edited file to ArcHydroTools.xml.

24. To use a saved configuration, open ArcMap, save to a new MXD. From ArcHydro Tools toolbar choose, ApUtilities, Additional Utilities, Configure Function Parameters, as shown below: 


[image: image8]
25. In the Function Configurations menu, Choose StreamStats on the Function Group pulldown and Demo on the Configuration pulldown. 
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From now on, until you update the ArcHydro tools, this is all you’ll have to do whenever you want to use this configuration. When you get this set up, send the XML files to us and we will forward them to ESRI, who will incorporate them into future versions of the ArcHydro Tools. Then when updates come you won’t have to go through this process. Your configuration will already be there and you can simply choose it as above. 

Computing Basin Characteristics for the Global hucpoly polygons

Now we need to compute each of our basin characteristics for the hucpoly polygons that are upstream of any areas we want to use for delineations. In our sample area, that would be the br1 and br2 RPUs. We don’t need to compute the basin characteristics for the polygons that have nothing downstream, since they won’t be used to aggregate global basin characteristics. 
26. Open a fresh ArcMap. Add the global hucpoly, and huc_net, then add bsldem30m and dem from the br2 folder, and forestg from the bc_layers folder. Save the MXD. 
27. Select the br2 polygon from hucpoly. From the Attribute Tools pulldown of the ArcHydro Tools menu, choose Compute Local Parameters. You should see a menu like the following: 
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This is asking which basin characteristics we want to compute. Click OK. Then you will see a menu like this: 
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This is asking what polygon layer we want to compute the basin characteristics for. Click OK. A menu will appear asking you to identify the grids for each basin characteristic. Make it look like this:
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Click OK. You should get a message that the Compute Local Parameters was successfully completed. Open the attribute table of hucpoly, and notice that the fields for the basin characteristics have been added and the values computed for the selected polygon. Note if you have the necessary basin characteristic grids, you can use this Compute Local Parameters process on any polygons. The polygons do not even have to be real watersheds. 
28. Remove the bsldem30m and dem layers, then add bsldem30m and dem from the br1 folder. 
29. Select the br1 polygon, and do the same process as in Step 27 above. Check the hucpoly attribute table and note that we now have values for br1 and br2, and we don’t need them for br3. 
30. Check that the values for the basin characteristics seem reasonable. Try to verify with some independent measurement, if possible. 
Running a test using the Batch Global Watershed Delineation Tool

Our basin characteristics are now completely set up. Let’s do a little test. We will make a few points from which we will delineate watersheds using the ArcHydro Tools Batch Global Watershed Delineation tool. 

31. We will specify a few points using the Batch Point Generation tool [image: image13.png]


 on the ArcHydro Toolbar. Choose the tool, and accept the BatchPoint name on the menu that comes up. Click a point anywhere in either br2 or br3. Fill in a Name and Description, if desired, as follows:
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Go ahead and pick a few more points. Choose at least one on the global “streams” network in br2 and br3. Make your last point somewhere in br1. Recall this is a Tier 2 area, and we don’t have all the data needed for delineation in this area. We just want to see what happens. 

32. Open the attribute table of the BatchPoint feature class you just created, and notice the fields it has: Name, Descript, BatchDone, SnapOn, and ScrType. If you wanted to use another source, like a shapefile of your gages, you could simply add fields like these with the exact same names and field definitions, and then you could use the feature class in the batch tool we’re going to try next. 
33. From the ArcHydro Tools toobar Watershed Processing pulldown, choose Batch Global Watershed Delineation. Fill in the menu so it looks like this:
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For the Datapath, navigate to your Part3/archydro folder. Click OK. It should work for all but the one point you added in br1. 

34. Look at the attribute table of the results. In particular, notice that the points that were on the global streams network have created two polygons. One is the local part of the watershed. It has a “0” in the GlobalWshd field. The other polygon for that point is the whole watershed, and it has a “1” in the GlobalWshd field. We didn’t get a record for the point in br1, which failed. 
35. Now let’s compute the basin characteristics for these watersheds. Select the polygons with GlobalWshd = 1. From the ArcHydro Attribute Tools pulldown, choose Compute Global Parameters. Fill in the menu like this:
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Click OK. Keep all the parameters selected on the next menu, and click OK. It will compute the basin characteristics. 
Check the GlobalWatershed attribute table, and you’ll see that the basin characteristics have all been computed. 

Note the Compute Global Parameters tool can only be used on global watershed polygons that are constructed from a local piece and global watershed, like the global watershed delineation tool produces. It cannot be used on any arbitrary polygons the way the Compute Local Parameters tool can be. 

Computing Continuous Parameter Grids

Next, we will see how to compute Continuous Parameter Grids (CPGs). These will compute the basin characteristics much faster at run time, at the expense of a somewhat lengthy preprocessing step. 

36. In ArcMap’s ArcCatalog window, browse to the StreamStats Tools, and open the “5_Misc_Utilities” toolset. Note there are three tools for making CPGs, depending on what type of parameter grid you have. One is for floating-point values, one for integers, and one for percent-area values using a parameter grid of 1’s and 0’s. Let’s do ELEV first. Our dem is in integer centimeters, so we will use the “Make Continuous Parameter Grid (Integer values)” tool. Open the batch grid for this tool, and run it for br2 and br3. The Parameter grid name is “dem”, and the Output grid name is “elev_cpg”.
37. Now run the “Make Continuous Parameter Grid (Floating-pt values)” tool for bsldem30m. Name the output grids bsld30_cpg. 

38. Now run the “Make Continuous Parameter Grid (Percent values)” tool for forestg. Name the output grids forest_cpg. 

39. Now we need to set up our XML for the CPGs. Open your ArcHydroTools.xml file again in the ApXMLViewEdit tool. Find the Demo configuration, copy and paste it. Rename it Demo_cpg. 
40. Find the Idaho_10m configuration, and find the ApField(ELEV) node under ApFields(ApFields). Copy it and paste it into our new configuration. Delete the old ApField(ELEV) in the configuration, so it will use the new one. Look at the new ApField(ELEV). It uses a function called PointExtractOp. Also note that it has two ApLayers defined under it, one for the WatershedPoint, and the other for the ELEV grid. Notice how the ApLayer(ELEV) is specified. It has a TagName of “ELEV”, and Name of “ELEV_CPG”. We need to make one minor change to the way this is set up. Recall the regular setup used a UNITS=FT designation. For this CPG, we need to make the units conversion explicitly, so Edit Attributes, and in the AdditionalParams, replace the “EXPRESSION=” with “CONVERSION=ELEV/30.48”. This will convert our CPG elevations from cm to feet.
41. Copy ApField(BSLDEM10M) from the Idaho_10m configuration, paste it into our new config, and delete the old ApField(BSLDEM30M). Edit Attributes and change the Name, TagName, and AliasName from “BSLDEM10M” to “BSLDEM30M”, and the Desc from 10m to 30m. Edit Attributes on the ApLayer(BSLDEM10M), changing the Name to “bsld30_cpg”, and TagName, and AliasName from “BSLDEM10M” to “BSLDEM30M”, and the Desc from 10m to 30m.

42. Copy ApField(FOREST) from the Idaho_10m configuration, paste it into our new config, and delete the old ApField(FOREST). This is already set up the way we want it, so no change is needed. 

43. Save the ArcHydroTools.xml. Copy/Paste it into the ArcHydro Tools bin directory. 

44. Now we will run another batch delineation and test using our CPGs to compute the basin characteristics. Open a new MXD. Add the global hucpoly, and huc_net, then add the BatchPoint feature class from the geodatabase that was saved from your previous MXD. From ApUtilities choose “Configure Function Parameters”, select the StreamStats Function Group, and the new Demo_cpg configuration. Save the MXD to a new name. 
45. Open the attribute table of BatchPoint. Use the Field Calculator to set the BatchDone field back to 0 for all records. Run the Batch Global Watershed Delineation tool, as we did before. 
46. Open the GlobalWatershed polygon attribute table, select the polygons with GlobalWshd = 1. Run Compute Global Parameters as we did before. 
47. Add the GlobalWatershed polygons from the previous MXD, and compare the values with the previously computed values. The values are similar, but they are affected by rounding a bit. This is common with CPGs, because they are accumulating using a lot of math operations, so small round-off errors can accumulate. 
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