Exercise 2: Building your ArcHydro Database

Exercise 2: Building the ArcHydro Database
This exercise begins where Exercise 1 left off.  There are two additional components that we initially neglected to add to the “Data for exercise” folder on the class website.  The data has since been added so you can download these components off the class website.  The first is under the “Exercise 1” section and it’s called “fdr and fac for BR1”.  The second is called “NHDPlusGlobalData”, also under Exercise 1.  Both of these can be downloaded and unzipped into your NHDPlus17 folder.
Also, recall that Exercise 1 ended with a modification to the fdr and fac grids in NHDPlusFdrFacbr2 (BR2) with the removal of a sink.  You can either start with your results if they worked, or you can access the “Data for exercise” link under “Exercise 2” off the class site, which contains the updated grids.

Set ArcHydro to save File Geodatabases

This marks the first step in which we use the ArcHydro Tools. We want to set up the tools so that they create File Geodatabases instead of Personal Geodatabases by default. (File Geodatabases will be more scalable for handling really large HUCs.) To do this, we need to edit the XML configuration file the configuration file for the ArcHydro Tools. 

1. Navigate to the ArcHydro Tools installation folder on your computer. By default, this is as below: 

C:\Program Files (x86)\ESRI\WaterUtils\ArcHydro10\bin (on a 64-bit system), or
C:\Program Files\ESRI\WaterUtils\ArcHydro\bin (on a 32-bit system)

2. Copy the ArcHydroTools.xml file into a temporary workspace, then drag it onto the desktop shortcut for the XML editor you created in Exercise 0. 

3. In the editor, expand the nodes to find HydroConfig/ProgParams/LocationType/Vector

4. Right-click on this node and choose “Edit Text”. Change the value from 0 (Personal Geodatabases) to 1 (File Geodatabases). 

5. Save the ArcHydroTools.xml file, keeping the same name and overwriting it. Copy it from the temporary workspace back into the ArcHydro Tools installation folder. (This may require administrator privileges.) 
Adjusting Flow Accumulation at the Inlets of Downstream RPUs
Flow Accumulation needs to be adjusted at the inlets of downstream RPUs (in this case the inlets of br2 and br3) to account for the flow coming into the RPU (which needs to be recognized for the ArcHydro tools to work correctly).  By default, local DEM derivatives such as flow accumulation stand alone and do not ‘recognize’ incoming flow.  The tool we will run here adjusts for that incoming flow.
Exercise Steps

1. Open ArcCatalog.  
2. Add a new folder to your upper level exercise folder and name it “Part2”. (Note there cannot be a space in the folder name.)  Add an “ArcHydro” folder within the new Part2 folder.  Add 2 folders under ArcHydro: “br2”, and “br3”.  These will contain all the “local” datasets we will be processing for this exercise.

3. If you were able to get through Exercise 1 successfully, copy the fdr and fac grids from the source NHDPlusFdrFacbr2 folder into your new br2 folder (these grids were modified in Exercise 1).  If you were not able to get through Exercise 1, or if you are starting here, these modified grids are on the class website zipped as “Start of Exercise 2”.  

4. Copy the fdr and fac grids from the source NHDPlusFdrFacbr3 folder into your new br3 folder.  These grids were not modified in Exercise 1, so no worries.
5. Open an ArcMap session

6. Load in the fac and fdr grids from the source NHDPlusFdrFacbr1 folder.  This is the upstream RPU that is “completely outside and upstream of your State”.  It’s the one that does not need complete processing, but there is a need to see just where it flows into the BR2.

7. Go into the properties of fac and toggle to Symbology.  Switch the “Show:” to Classified and say yes to the Histogram window that pops up.  Set the number of classes to 2. Select the Classify button.  Set the lower Break Value to 100 (for 30 meter grids) and leave the higher Break Value alone (at the maximum value).  Say ok to get back to the Symbology window.  Now set the low symbology value (0 – 100) to No Color and the higher symbology value to blue.  Select ok to exit out.
8. On the ArcHydro Toolbar, select the Flow Path Tracing tool (first tool on the menu) and then click a point somewhere in the center of BR1.  In the pop-up menu, make sure the fdr grid is selected for the trace and select ok to get a trace result.  
9. With the fac grid on, zoom into where the trace results ends.  This cell is actually the first cell in the next downstream subset (br2). Add the fdr from br2, and notice how this cell actually overlaps into RPU br2. We need to preserve this cells location with a point.

10. On the Drawing toolbar, choose the ”Marker” option and click in the cell.  Under the Drawing pull-down, choose “Convert Graphic To Features”.  Save the point into your br2 folder as “point_of_entry”.
11. Now we will transition our thoughts to br2.  Under the StreamStatsTools toolbar > HydroDEM Tools, select the “E.b. Flow Accum Adjust (Simple version)” tool

a. Inlet Point = the new point_of_entry layer

b. fac = the fac grid in your br2 folder

c. fdr = the fdr grid in your br2 folder

d. fil grid (burned DEM) = the hydrodem grid in the source NHDPlusHydrodembr2 folder

e. Output fac = “fac_global”

f. Adjustment value = 20000
12. Remove all layers, then load the point_of_entry.shp, fac and fac_adjust grids into your ArcMap session (the fac_adjust grid should be located in your br2 folder).  Classify the fac and fac_global as you did above in Step 7. Notice the differences in cell values at the inlet, and notice that in fac the “synthetic stream” does not extend all the way to the inlet. If we did not do the Flow Accum Adjust process, we would have trouble doing global delineations in these cells. The delineation process would not find anything upstream of our current RPU. NOTE: there is another set of data (used for previous StreamStats Data Prep workshops) that has multiple inlets for a subset area.  The process for that exercise is performed on high-resolution NHD as opposed to NHDPlus.  If you would like to try a slightly more complex process, ask the instructors to retrieve this data for you (extra credit!)
13. Quit out of ArcMap without saving

14. Repeat this entire process for BR3.  To do this, start again at the “Open an ArcMap session” step above.  Treat BR2 as BR1 and BR3 as BR2.  At the end of this section, there should be an fac_adjust for both BR2 and BR3
Working with a Coastline and/or Sinks
As opposed to the Exercise 1, where a sink was removed from NHDPlus data, this exercise will show how you would work with a sink that you wish to retain.  By retaining the sink, it will be given its own contributing area in the form of an ArcHydro catchment.  Also for this exercise, a coastline will be used for the ultimate purposes of delineating near-shore watersheds.  
Exercise Steps

15. Open ArcCatalog, if it is not already open.
16. Open a new ArcMap document and load the NHDFlowline shapefile from the NHDSnapshot\hydrography folder
17. Select by Attribute from NHDFlowline where "FTYPE" = 'Coastline'

18. Make sure the data frame coordinate system is set the same as one of the exercise grids (US Albers). For example, you could import the properties of one of the fdr grids.
19. With output pointing to the new ArcHydro\br3 folder, export the selected features from NHDFlowline to tmpcoastlines.shp, using the data frame coordinate system (radio button toggle in the Export Data tool), and add the new dataset to the MXD. 

20. Calculate the COMID in tmpcoastlines.shp to equal FID + 1 This is so there is not a value of 0, which could cause us some trouble in future grid operations. (Note this step was already done in the sample data.) 
21. Use Polyline to Raster (Conversion) to convert lines to a grid (tmpcoastg), using COMID as the Value field and setting the Cellsize to 30. Be sure to go into Environments (Processing Extent) and set the Extent to the BR3 hydrodem layer (this will also set the proper snap of the Top, Bottom, Left and Right to values divisible by 15, which is very important in aligning this output grid with others).
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22. Add the sink layer from the NHDPlusBurnComponenets folder and select the northernmost sink (the sink that was left out of the earlier exercise).  Export to its own shapefile, “tmpsink.shp” using just the selected feature, and using the data frame coordinate system. Put the output in the br3 folder.
23. Before making a grid of tmpsink.shp, note that the tmpcoastg values run from 1 to 27.  Now, calculate GridCode in tmpsink to 28. The goal here is to avoid duplicate values, which would also have to be dealt with in cases where there were multiple sinks. 
24. Use Point to Raster (Conversion) to convert points to a grid (tmpsinkg), using GridCode as the Value field and setting the Cellsize to 30. Be sure to go into Environments (Processing Extent) and set the Extent to the BR3 hydrodem layer (this will also set the proper snap of the Top, Bottom, Left and Right to values divisible by 15, which is very important in aligning this output grid with others).
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25. Since we had both coastlines and a sink, we need to combine the two into a single grid, since our tool only has a place for a single “snklnk” grid. (If we had only coastlines or only sinks, we could skip this step.) Combine the 2 grids, tmpsinkg and tmpcoastg, using the Mosaic to New Raster Tool (under Data Management Tools > Raster > Raster Dataset).  Give the output the name “sinkcoastg”. The Cellsize should be set to 30. The Number of Bands must be set to 1.
26. Load the fdr and fac_global grids from br3 into your session if not already loaded

27. Save your ArcMap session as br3.mxd in your br3 folder.
28. Run “Post HydrDEM.aml Processing With Sinks/Coastlines” (found in the StreamStats Tools under HydroDEM Tools).  Set the Environment Settings Workspace and Scratch Workspace to your br3 folder. The Fdr grid should be set to the source BR3 fdr grid.  The Fac grid should be set to the source BR3 fac_global grid. (Note:  use the drop arrow for both Fdr grid and Fac_global grid, thereby accessing them from the ArcMap Table of Contents rather than the source folder.  This avoids long path names in the menu, which has been known to cause problems with the script). Threshold 1 is set to 20000 for 30 meter grids which is the case here (the default 150000 for 10 meter grids).  The Snklnk grid is the newly created sinkcoastg.  Threshold 2 should be set to 100 for 30 meter grids, which is the case here (the default 900 for 10 meter grids). 
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29. Turn on and off layers to see results.  Note the Catchment contributing area for the sink.  Also note the effect the coastline had on the str grids.  Finally, note that, along with the grids (Cat, Lnk, StrLnk, Str, and Str900) there were 4 geodatabase feature classes created: DraingePoint, DrainageLine, Catchment, and AdjointCatchment.  These feature classes were loaded into a newly created “br3” geodatabase in your br3 folder (the name ‘br3’ was assigned based on the title of your mxd, which was saved before running the tool).
30. Save and quit out of ArcMap.  Open ArcCatalog if not already opened.

31. Note that a “Layers” folder was created in the ArcHydro\br3 folder.  Copy the 5 new grids that are in this folder up to the parent folder (br3).  Delete the Layers folder.  Rename “str900” to “str100”.

32. Now we will repeat the final steps above for br2, the one difference being that br2 does not have sinks or coastlines.  
33. Open a new ArcMap document and load the fdr and adjusted fac_global grids
34. Save the ArcMap document as br2.mxd in your br2 folder

35. Add the StreamStats toolbox to ArcToolbox if not already loaded.  Under HydroDEM Tools, open the Post HydroDEM.aml Processing (No Sinks) tool.  Set the Environment Settings Workspace and Scratch Workspace to your br2 folder. The Fdr grid should be set to the source BR2 fdr grid.  The Fac grid should be set to the source BR2 fac_global grid.  Threshold 1 is set to 20000.  Threshold 2 should be set to 100.
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36. Save and quit out of ArcMap.  Open ArcCatalog if not already opened.

37. Note that a “Layers” folder was created in the ArcHydro\br2 folder.  Copy the 4 new grids that are in this folder up to the parent folder (br2).  (Note the “lnk” grid was not created for this no-sink process). Delete the Layers folder.  Rename “str900” to “str100”.

38. Test a local delineation.  Open ArcMap.  From the br2 folder, load the fdr, str, and str100 grids, along with the Catchment and AdjointCatchment feature classes in the br2 geodatabase.   Save the mxd as “testlocal” under your Part2 folder.  
39. Click the “point delineation” tool on the ArcHydro toolbar (3rd tool from left) to activate it.  Zoom to a location on the str100 grid and click a point.  A menu pops up.  Your entries should look as follows (if not, then modify them to reflect this):
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Notice if you delineate from some place downstream of the sink in br3, you will have a “hole” in your watershed. This is what sinks do, and if you don’t like that, you should remove the sink. 
40. If you save the resulting watershed it gets loaded into a newly created geodatabase with the name of the mxd in the folder the mxd was saved (in this case “testlocal” gdb in the ArcHydro folder).  
Creating the Global Geodatabase
The global geodatabase is used for 2 reasons: 1) as a pointer for the ArcHydro global delineation tool to know which local unit you are working in and 2) to delineate large watersheds that span multiple local units.  Here we will create the pieces (feature classes) of the global geodatabase.
Exercise Steps

41. In ArcCatalog, create a new Personal Geodatabase in the global_exercise folder and call it global.mdb. NOTE: You can use a File Geodatabase for the global geodatabase; however there are some SQL queries that are not supported by the file geodatabase. We need to use some of those SQL queries, so the tables that need those would have to be stored elsewhere. To avoid this extra complication, we will continue to use a personal geodatabase for our global geodatabase. If you have a really big, complex global geodatabase and need to use a file geodatabase for your global, check with us for detailed instructions. 

42. Right click on the new global geodatabase and select the New > Feature Dataset

a. Give it the name ‘Layers’.  

b. In the next menu, import the coordinate system from one of your fdr grids. 

c. Default the next menu (vertical coordinate system) to none and default the last menu (tolerance settings).

43. Now we will start creating the layers for the global geodatabase.  We will start with the global hucpoly feature class

a. Open a new ArcMap.mxd and save as ‘makeglobal.mxd’ in the ArcHydro level workspace.  
b. Add an fdr grid from any of the local workspaces to set the spatial reference and to later act as a snap grid when necessary.  Snapping to consistent origin coordinates is a critical element to building nearly all of your ArcHydro raster and vector datasets.

c. Add the ‘BoundaryUnit’ shapefile, which can be found in the NHDPlus\NHDPlusGlobalData folder. This is an excerpt from the NHDPlus BoundaryUnit.shp, including just the major polygons for the Pacific Northwest. When you get the full BoundaryUnit.shp from the NHDPlus distribution, it will include many more polygons, including those for HUC8s. To build our ArcHydro global geodatabase, we are concerned only with those of Type “RPU” or “VPU”. Open the attribute table.  Scroll to the bottom of the table and select the 3 exercise units: br1, br2 and br3.  Zoom to the selected set.  Note that these units are unique to this exercise, set up for quick processing.  Normally your units will be larger.  Also note that br1 (the unit ‘fully upstream of your state’) is an NHDPlus “VPU” unit type (Vector Processing Unit) and that br2 and br3 are NHDPlus “RPU” unit types (Raster Processing Unit).  RPU units in NHDPlus are smaller than VPU units since raster processing is typically more computation intensive than vector processing.  In this case, br1 is a headwater unit, but you may have cases where there is more than one VPU area upstream of your state.  The key point to remember here is that tier 1 units (those completely within or overlapping your state) must be RPUs and tier 2 units (those completely upstream of your state) can be collected as either RPUs or VPUs.  A rule of thumb: you want RPU polygons for the areas covered by your fdr and fac grids. Whatever is upstream of your state (or area of interest) might be one or more RPUs and/or one or more VPUs.
d. Close the attribute table.

e. The selected set of units needs to be projected.  Open ArcToolbox.  Surf to Data Management Tools > Projections and Transformations > Feature and start the Project tool.  Input is BoundaryUnit.  Name the output ‘hucpoly’ as a feature class in the Layers feature dataset of the new global geodatabase.  For Output Coordinate System, import the coordinate system of one of your fdr grids. 
f. Symbolize the hucpoly features with a hollow symbol and some colored outline. Zoom in and compare it to the fdr grid along the outer boundary of the fdr grid.  The new hucpoly layer should align perfectly with the grid, except there will be an extra fdr cell just downstream of the outlet of each RPU.  
44. Now let’s create the global ‘streams’ feature class

a. Remove all layers but the new hucpoly layer.

b. Add the NHDPlusFdrFacbr1\fdr grid.  Turn off the fdr grid.

c. Activate the ArcHydro Flow Path Tracing tool and click a point within the br1 unit (somewhere near the center of the unit).  The menu that pops up should default to the NHDPlusFdrFacbr1\fdr grid (since it is the only grid in the ArcMap TOC at the moment).  A trace will bring the trace to the outlet.

d. Expand the Drawing menu on the Draw toolbar to locate the Convert Graphics to Features tool.
i. Switch Convert to ‘Line graphics’ (default is point)
ii. Surf down to the global Layers feature dataset.  Name the feature class ‘strm_br1’.  Click save.

iii. click ok
e. Select the graphics and delete

f. Remove the fdr grid from the legend

g. Repeat the above steps for br2 and br3, except that instead of clicking in a cell somewhere in the center of these units, select the first inlet cell from the next upstream unit (which is why it is helpful to work your way downstream systematically). Name the outputs ‘strm_br2’ and ‘strm_br3’ respectively in the global Layers feature dataset.  ** Note: Most States will have a few border RPUs that flow out of the State and have no upstream RPUs flowing into them.  These do not need to be ‘networked’ with a global ‘streams’ feature class  **

h. Use the ArcToolbox Merge tool (under Data Management Tools > General) to compile the 4 feature classes into 1.  Name the output ‘streams_tmp’ in the Layers feature dataset
i. Use the ArcToolbox Dissolve tool (under Data Management Tools > Generalization > Dissolve) to remove unnecessary nodes (in this case, creating a single line feature in the output feature class) which can be named ‘streams_dis’ in the Layers feature dataset).  The output should be a single feature.
j. Symbolize the streams_dis layer with arrows to see if the stream line is pointing downstream.

i. If a stream line is pointing upstream, it needs to be ‘flipped’ using the edit tools (set to ‘modify feature’)
k. Now you need to create nodes at each location where the streams_dis feature class intersects the hucpoly feature class:

i. In ArcToolbox > Analysis Tools > Overlay, select the Intersect tool

ii. Input: streams_dis, hucpoly

iii. Output: streams

l. Open the streams feature class attribute table.  There should now be three features (one in each of the units)

m. Remove all layers from the TOC but the hucpoly feature class
n. Save and close ArcMap

45. Now we will create the global geometric network 
a. Open ArcCatalog if not already opened
b. Right click on the Layers feature dataset in the global geodatabase.  Choose New Geometric Network
c. Click Next
d. Name the geometric network “huc_net”.  Say Yes to Snap features and keep the defaults.  Click Next
e. Select ‘streams’ as the feature class you want to build your network from.  Click Next three times and Finish
46. Delete all the streams feature classes in the Layers feature dataset except the ‘streams’ feature class.  
47. Open makeglobal.mxd.  Add the huc_net geometric network, which brings in the huc_net_junctions and streams feature classes. Remaining in the Layers feature dataset will be: huc_net, huc_net_Junctions, hucpoly, and streams.
48. From the ArcHydro Attribute Tools pull down menu, choose ‘Assign Hydro ID’ and select all feature classes in the layers feature dataset.  Click ok

49. From the ArcHydro Network Tools pull down menu, choose ‘Set Flow Direction’. Select the streams layer and With Digitized Direction. Click ok.

50. Add a long integer field, JunctionID, to the hucpoly feature class.  Also add a 10 character string field and call it “Name”.
51. Start editing.  

52. Populate the name field for each unit (br1, br2, br3 > be sure to assign the correct name to each, as the most upstream unit, br1, is the one that is farthest to the South, which can be confusing).
53. Turn on the Spatial Adjustment toolbar.  

54. On the Spatial Adjustment pull down, select Attribute Transfer Mapping

a. For Source Layer select huc_net_junctions and hydroid from the fields

b. For Target Layer select hucpoly and double click JunctionID from the fields (double clicking matches the fields)
c. Click ok.

55. Zoom in so you can see the junction where the stream intersects the border between br1 and br2.  On the right end of the Spatial Adjustment Toolbar, select the Attribute Transfer Tool.  Left click first on the junction then left click anywhere inside the br1 hucpoly.  Repeat this for the br2 unit. Note, you should not assign the JunctionID for a unit that does not have anything downstream from it because this can sometimes cause the area of that unit to be double-counted. Open hucpoly to see that the upper two hucpoly features now have a JunctionID and Name.  You can turn the labels on for the huc_net_junctions (HYDROID) and for hucpoly (JunctionID) to see the match.
56. Save and Stop editing. Save makeglobal.mxd.  quit

57. In ArcCatalog: make a relationship class:

a. Right click the global geodatabase and select “New > Relationship Class”

b. Name the relationship class “HUCHasJunction”
i. Origin Table is hucpoly

ii. Destination Table is huc_net_junctions

iii. Hit Next

iv. Make it a simple relationship

v. Hit Next

c. Specify a label

i. From the origin table/feature class to destination: huc_net_junctions

ii. From the destination table/feature class to origin: hucpoly

iii. Enter ‘none’ for message direction

iv. Hit Next

v. Select one to one cardinality

vi. Hit Next

vii. Do not add attributes

viii. Hit Next

ix. Primary Key = JunctionID; Foreign Key = HydroID

x. Hit Next and Finish

58.  Re-enter the makeglobal.mxd to test the global tool.

a. Zoom in near the mouth of the streams feature class in br3

b. Activate the Global Point Delineation tool on the ArcHydro toolbar and select a point on the streams feature class.
c. For the first pop-up window, Cataloging Unit Junction should be set to ‘huc_net_Junctions’; Cataloging Unit Edge should be set to ‘streams’; Cataloging Unit Polygon should be set to ‘hucpoly’.  Keep the output defaults (GlobalWatershedPoint and GlobalWatershed).

d. On the next pop-up window, ‘Select the data path to the preprocessed cataloging units’, go up where you can see the ArcHydro folder.  Single click it.  Click add.

e. Say Yes to snap and set the Snap Distance to 2 cells.  Hit ok

f. Your delineation should include all upstream units and exclude the area that drains to the sink.
59. Back in ArcCatalog, compact your global geodatabase by right-clicking on it and choosing Compact. This removes a lot of temporary junk that builds up as you are creating it. Often this will reduce the size by a factor of 4 or 5 times, and will improve performance. 
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