Exercise 1: HydroDEM_AccumAdjust


Exercise 1: Removing Sinks from NHDPlus Version 2 Datasets

About the Database for these Exercises

The database for these exercises is an extract of an NHDPlus V2 database:  The Bitterroot River Basin in Northwest Montana (a part of Region 17), which generally flows South to North.  This extract was compiled so that you could work your way through the procedures relatively quickly while gaining an understanding for the standard NHDPlus V2 datasets (which you would normally use in the processing).  The elevation grids and derivatives for this exercise are broken down further into three geographic subsets.  Subset “BR1” which is the southernmost area, should be viewed as a subset watershed that would be fully upstream of your area of interest (e.g. state).  Subsets “BR2” “BR3” should be viewed as subset watersheds that are either all or partially in your area of interest. These are set up to be analogous to NHDPlus Raster Processing Units (RPUs). The 3 RPUs have drainage relationships, with BR1 flowing into BR2, which subsequently flows into BR3.  Working with an interconnected set of data is important in grasping all the concepts that play into the processing of a State’s database for StreamStats, as you will see in later seminars.

One other ‘modification’ was made to the data:  We wanted to show how to handle coastlines, but since the area is landlocked, we have included an imaginary coastline. You can think of this as approximating a tiny corner of the one-time areal extent of “Glacial Lake Missoula” ( http://www.glaciallakemissoula.org/virtualtour/index.html ), at some point during its history. This will be used as an artificial “ocean” at the outlet of BR3.  This was done to showcase examples of each type of feature that people may need to handle, including coastlines and sinks.  We already had sinks to work with, but no coastline.  A side benefit is that the link above makes for some fascinating geologic historical reading on the ice age and flooding (to say the least) in this region.

All raster data are in the national Albers projection. All vector data are in Geographic. The data are laid out just the way they would be in a full NHDPlus V2 dataset, however only the datasets needed for the exercises (and for StreamStats) are included. For example, under NHDPlusBurnComponents normally there are several other shapefiles. 

Below is a brief description of what each folder contains:

NEDSnapShot > includes 3 subfolders: nedbr1, nedbr2 and nedbr3, which represent the RPU areas.  Each subfolder contains an elevation grid in zunits cm (‘elev_cm’) and a shaded relief grid (‘shdrelief’)

NHDPlusBurnComponents > includes 2 shapefiles:  ‘LandSea’ and ‘sink’.  LandSea is the Glacial Lake Missoula region mentioned above.  ‘sink’ contains two sink points, one in BR2 and the other in BR3.

NHDPlusCatchment > includes NHDPlus catchments for the entire region in both grid (‘Cat’) and shapefile (‘Catchment’) format.  The term catchment can mean many things (as you will discover later, ArcHydro has another meaning for what a catchment is).  In the case of NHDPlus, a catchment is the area draining to a medium resolution NHD flowline.  

NHDPlusFdrFacbr2 and NHDPlusFdrFacbr3 > These 2 folders contain the flow direction (‘fdr’) and flow accumulation (‘fac’) grids for BR2 and BR3 respectively.  Recall that BR1 is fully upstream of your area of interest (as discussed above); so these grids are not needed for processing that area, and are not provided. 

NHDPlusHydrodembr2 and NHDPlusHydrodembr3 > These 2 folders contain the ‘HydroDEM’ elevation grids for BR2 and BR3 respectively.  The ‘HydroDEM’ elevation grid is distinct from the ‘elev_cm’ DEM (under NEDSnapShot) in that this grid has been processed through the drainage enforcement steps (‘burning’ streams and ‘ridging’ drainage boundaries).  This DEM is the grid used to create the flow direction and flow accumulation grids.  Recall that BR1 is fully upstream of your area of interest (as discussed above); so these grids are not needed for processing that area, and are not provided.

NHDSnapshot > includes the 3 principal feature classes of NHD: ‘nhdflowline’, ‘NHDArea’ and ‘NHDWaterbody’.   This is NHD medium resolution (100K) data.  This data is in the NAD83 geographic coordinate system. Note these data have been modified to include the fake “coastline” we mentioned above. 

Overall Process

In this exercise we will be working with sinks and coastlines using NHDPlus datasets, NHDPlus User Tools and out-of-the-box ArcToolbox tools. The NHDPlus User Tools Toolbox will be used specifically to remove sinks and subsequently update the flow direction (fdr) and flow accumulation (fac) grids:
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Exercise Steps

1. Open ArcCatalog

2. Add a new folder to your upper level exercise folder and name it “Part1”.  Add a “RemoveSinks” folder within the new Part1 folder.  

3. Open ArcMap and add the ‘sink’ layer from the NHDPlusBurnComponents folder.    Also add the USA_Topo_Maps layer from ArcGIS Online. You will have to search for this. We recommend saving the layer file to a folder so you can add it easily. You will find it very useful. Zoom to each sink and view them with the topo background.  The southernmost sink is in BR2.   We will be removing this sink.  The northernmost sink is in BR3.  We will leave this be for now.  

4. Select the southernmost of the 2 sinks and export it to your RemoveSinks folder as a shapefile.  Name it “sinks2remove.shp”.  Note the attribute table includes a GridCode value for the sink which will be used in the naming of a new folder during the running of the “1. Remove NHDPlus Sinks” tool.

5. View some of the other datasets to gain familiarity with the region and the data.

6. Exit ArcMap (you can save the mxd for future viewing if you wish).

7. Back in ArcCatalog, surf to your upper level NHDPlusUserTolls_tbV1_0 folder and expand the toolbox.  Run the “1. Remove NHDPlus Sinks” tool. 

a. Path to Main VPU Folder is YourUpperLevel\NHDPlusPN\NHDPlus17
b. Path to output working folder is YourUpperLevel\Part1\RemoveSinks
c. Table of Sink GridCodes to Remove is YourUpperLevel\Part1\RemoveSinks\sinks2remove.shp
d. Name for output overlapping Sinks shapefile can be Ouput_Overlapping_Sinks.shp
e. This tool will compute new flow direction grids for the areas surrounding each sink (in this case the one sink), however it will not apply the changes yet. The tool operates on grids in areas surrounding the catchment each sink falls within, any catchments that touch that catchment, and any catchments that touch those catchments. In other words, two tiers of catchments are selected surrounding each sink, and the fdr is processed within those catchments. If any of these catchments overlap with catchments selected while processing a previous sink, the sink is skipped and is written out to the output overlapping sinks shapefile, which you can run later, after the non-overlapping sinks have been removed. 

8. Copy the CheckResults.MXD (9.3.1 ArcMap) out of the NHDPlusUserTools_tbV1_0 folder and paste it into the newly created results folder found under your output working folder (these new folders are titled with an “s” followed by the GridCode attribute value of the given sink, which in this case is “s338565”).

9. Check the results in your copy of CheckResults.MXD.   It has the most relevant grids loaded using relative paths and symbolized. The original NHDPlus fdr grid is also loaded, but you will need to set the source to point to the grid on your local system (in this case that grid can be found under the NHDPlusFdrFacbr2 folder). The most important thing to check is any fdr changes in the outer ring of cells. See detailed instructions for checking these below, in the “Checking fdr changes in outer ring of cells” section (in the case of this example, there are no changes in the outer ring of cells, but read the instructions below for future reference). Also, use the Flow Path Tracing tool (on the ArcHydro Toolbar) to see how the fdrnew routes flow through the area where the sink was. (Instructions for using this tool are also in the section below.) Make sure you really want to remove the sink. If you are satisfied, leave the record for this sink in the sink shapefile/table you used to run the “1. Remove NHDPlus Sinks” tool. IMPORTANT: If you do not want to apply the change for a particular sink, remove that sink from the shapefile/table before running the next step. 

Also note the tool could have notified you about sinks that were removed because their catchments would overlap with ones that already had been processed (there were none in this case). These would have been saved in the output shapefile you specified when running the “1. Remove NHDPlus Sinks” tool (since there were none, a shapefile was not created in this case). How to deal with them is discussed below in the “skipped for this exercise” step.

10. Before running the next tool, be sure you have a backup zip file of the NHDPlusfdrfacNNN folder for any RPU’s that you are removing sinks from. The fdr grids in those RPU folders will be modified in this step. (You can always get the original back from the NHDPlus web site, but keeping a zip backup will avoid long downloads.) 

11. Once you are satisfied you want to apply the changes, be sure you have closed any ArcMap sessions that may have loaded the NHDPlus fdr grid, and run the “2. Update fdr after removing sinks” tool, using the same “Table of sink GridCodes to remove” (sinks2remove.shp) and other inputs that you used for the “1. Remove NHDPlus Sinks” tool. 

a. Path to Main VPU Folder is YourUpperLevel\NHDPlusPN\NHDPlus17
b. Path to output working folder is YourUpperLevel\Part1\RemoveSinks
c. Table of Sink GridCodes to Remove is YourUpperLevel\Part1\RemoveSinks\sinks2remove.shp
d. This will update the fdr grid for any RPU containing sinks in your list to remove. 

12. This entire step is skipped for this exercise since there are no overlapping sinks in this area. However, if you had any sinks that were too close to each other, a selected set of them would be written out to the output “Overlapping Sinks” shapefile you specified when you ran the “1. Remove NHDPlus Sinks” tool. Now that the fdr grid has been updated with the sinks removed from the first run, you can repeat the steps above using that shapefile of sinks. Follow the same procedure, starting back at Step 7, and keep the same working folder. It may kick out some more sinks to the output for overlapping sinks again, to a second overlap shapefile you specify. (Be sure to use a new name for the output shapefile each time.) Keep looping through the process until you’ve done all the sinks. 

13. Once all the desired sinks have been removed and checked, and the fdr grids updated, you can run the final tool, “3. Update fac after removing sinks” which regenerates the fac grid:

a. Path to Main VPU Folder is YourUpperLevel\NHDPlusPN\NHDPlus17
b. RPU Id to update is br2
 This is done once for each RPU that you modified. This process could take quite a while, up to several hours for some RPUs, but is quick with this sample data.  Once done, you are ready to use the modified fdr and fac grids:

14. Open a new ArcMap document and test to see if the original fdr grid in NHDPlusFdrFac br2 has been updated by tracing from points upstream of the sink (use the ArcHydro Flowpath Tracing Tool).

15. Quit out of ArcMap when done testing

This concludes Exercise 1.  The section below is additional reading for future reference.  It describes an issue (and the solution) that may occur when you work on your real datasets.
Checking fdr changes in outer ring of cells

If any cells in the outer ring of cells in the fdrnew grid have changed relative to the original fdr cell, there is a possibility of introducing a flow “loop” when the fdrnew grid is inserted into the NHDPlus fdr grid. For this reason, the Remove NHDPlus Sinks tool prints a warning in the message box for any sink having changed fdr cells in the outer ring of cells. These changed cells must be checked carefully to avoid introducing a flow loop. A flow loop would cause the flow accumulation tool to go into an infinite loop and never finish. The following procedure should be followed to check these situations and avoid introducing any flow loops. 

1. Make note of any warnings from the Remove NHDPlus Sinks process, and be sure to carefully check the fdrnew for each sink identified with warning similar to this: “ATTENTION! fdr changed in outer ring of cells. Check for flow loops before updating fdr for SinkID: 329039”

2. In ArcMap, load the fdrdifo grid. Symbolize it so you can see all cells having any value except zero. These are the cells you need to check. 

3. Use the Flow Path Tracing tool ([image: image2.png]


) on the ArcHydro Toolbar to trace paths and understand the flow directions around the changed cells. The first time you use the tool, it will ask for the Flow Direction Grid to use. Identify the fdrnew grid, as shown below: 
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4. Click all the cells around the cells that have changed, as shown in the figure below. The cells that changed are bright green. The trace lines are red, and all flow toward the upper-left green cell. [image: image4.png]



5. Now, switch to do traces using the original NHDPlus fdr grid. Load this grid from the NHDPlus workspace. It covers the whole area, while the fdrnew stops at the edge of the ring of catchments two catchments out from the sink that was removed. To change our traces to use the original fdr grid, choose “Data Management Watershed Delineation” from the “Watershed Processing” menu of the ArcHydro Tools Toolbar, as shown below: [image: image5.png]| Watershed Processing ~ Atribute Tools ~ Network T
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In the Data Management menu that comes up, choose the original fdr grid (which I renamed in my MXD to fdr_orig) as the Flow Direction Grid. 
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6. Now trace using the original fdr grid for cells that neighbor the changed fdr cells and that are outside the outer ring of catchments. For this illustration, I first turned the trace graphics above to purple, then traced again using the original fdr grid outside the catchments. I clicked on each cell that neighbors one of the changed fdr cells:
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Note that none of the neighboring cells in the original fdr point to any of our changed cells, so we should be OK. 

7. Also note our upper-left cell flowed to the west in the original fdr, as shown by the red lines above. Let’s check fdrnew using the Identify tool and clicking on that upper-left changed fdrnew cell. 
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Note it now flows to the cell to its northwest, which will not cause any problems. Here is a key to the flowdirection numbers: 
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The situation we MUST avoid is for one of the cells in the original fdr grid pointing to one of the changed fdrnew cells, and that cell pointing back to the same cell or to a cell that flows to the one that points to it. Either situation would be a flow loop, which must be avoided. 
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