The SPARROW Decision Support System for the Pacific Northwest
Contact: 		Dan Wise, USGS Oregon Water Science Center. Portland, OR
			dawise@usgs.gov; 503-251-3213


What is the SPARROW Decision Support System?
The SPARROW model (Spatially Related Regressions on Watershed Attributes) is a processed-based statistical model that relates water-quality measurements to landscape pollutant loadings and watershed physical properties. The model predicts detailed surface water conditions (for example, nutrient loads and concentrations) and identifies important contaminant sources (e.g., nutrients from agricultural activities, point sources, and urbanization). A calibrated SPARROW model can be used to both extrapolate measured water-quality conditions to unmonitored areas and produce predictions of load, concentration, or yield under different management scenarios. The USGS has calibrated SPARROW to predict 2002 total nitrogen and total phosphorus conditions in the Pacific Northwest (the Columbia River Basin, the Puget Sound watershed, the coastal drainages of Washington and Oregon, and the closed basins of south-central Oregon). 
The USGS has also developed a web-based decision support system (DSS) for the Pacific Northwest SPARROW models. The SPARROW DSS allows users to display prediction results and run simulation scenarios through a standard web-browser interface. SPARROW DSS capabilities include model views, model scenario predictions, targeted reach analysis, and data export.

How to Use the SPARROW DSS

The SPARROW DSS is accessed at following web site: http://cida.usgs.gov/sparrow/. This site provides access to all of the publicly available SPARROW models, which are listed on the left side of the page. Users can also view online video tutorials for different topics related to the DSS.  Click on “Total Nitrogen Model for the Pacific Northwest - 2002”. The selected model then appears on the right side of the screen under the heading “Selected Model”. You’ll see three options for accessing the results for this model. Ignore the “Watershed Based Sessions” and “Scenario Based Sessions” for now. Click on the button “Explore this model in the Decision Support System”.


When you enter the DSS you’ll see the following header. You can hide this header by selecting the “Hide Header/Footer” tab located above the right side of the map.
	SPARROW Decision Support System MRB07 Nitrogen
	 SPARROW DSS Home 


There are seven tabs under the header.
Display Results		Export Data 
Downstream Tracking	Sessions
Change Inputs			Layers				
Find a Reach	


Layers
You can use the “Layers” tool to create the base maps and imagery on which the model results are presented. The default setting displays shaded relief and county boundaries. The other available layers are ortho-imagery, street maps and other features, and land use. 

					
Display Results
You can use the “Display Results” tool to map the model results. This tool allows you to select which modeling results to display and how these results will be shown on the map. Let’s run through an example for the total nitrogen model.

1. [bookmark: _GoBack]Select a Data Series: Select the parameter you want to map. The “Data Series” link describes each one of the choices. The default is total load, but select incremental yield instead. Incremental yield is the load generated within each incremental catchment divided by the incremental catchment area. The incremental catchment is the fundamental component of the SPARROW model and is the area that drains directly to a reach without passing through another reach. The Pacific Northwest SPARROW models have 12,039 individual reaches and associated incremental catchments, and almost all of the incremental catchments have areas less than 100 km2.
2. Select Model Source: Show the contribution from a specific source in the model (for example, “Point Sources”) or the total contribution from all sources. Keep the default setting of all sources. 
3. Select the Map Display Options: Display the model results for incremental reaches or for incremental catchments. Select “Catchments” rather than the default setting of “Reaches” (the catchments are easier to interpret on the map). You can also choose to show the calibration sites used in the model, the reach network, and the HUC8 watersheds, and you can customize the bins used in the map legend.
4. Click on the “Update Map” tab to show the incremental total nitrogen yield (kg/km2-yr) for each catchment in the model. Incremental yield can be thought of as an intensity of runoff from land to water. Not surprisingly, the highest yields were predicted on the west side of the Cascade Range (due to relatively high precipitation and runoff) and in areas of the east side of the Cascade Range with intense agricultural activity (due to high fertilizer use, irrigation, and/or large livestock populations).
5. Next, select another one of the model sources (for example, “Farm Fertilizer”), choose “Percent” rather than “Mass”, and update the map to show the contribution to the incremental total nitrogen yield from that source. This map shows how important each source is across the region. The areas where fertilizer contributes the most to incremental yield are the Willamette River basin, the upper Columbia River basin, and the upper Snake River basin.
6. Next, select “Flow-Weighted Concentration” from the Data Source series menu. The only model source available is “All” (individual sources cannot be modeled under this scenario). Update the map to show the predicted mean annual flow-weighted total nitrogen concentration for each reach (represented by the incremental catchments).
7. Experiment with other mapping configurations.


Find a Reach

· You can use the “Find a Reach” tool to get details about a specific reach. When you select this button you will be shown an interface with the reach data base. You’ll most likely find a reach by specifying all or part of the reach name. For example, enter “Yakima” in the Reach Name box and click on the “Find Reaches” button located in the middle of this window near the right side. The DSS will list all of the reaches with the word “Yakima” in the name. You can sort by upstream watershed area to find the most downstream reach of the Yakima River (by default the reaches are sorted from largest to smallest area). Click the “Identify” button (the “*i” located to left of each reach ID) for the most downstream Yakima River reach (reach ID 56732). Three things happen when you do this: a window opens that shows the modeling results for this reach, the DSS zooms to the selected reach, and the incremental catchment is highlighted on the map. You can also identify a reach or catchment by using the “Identify Reach” tool (“*i”) on the map tool bar that is located in the upper left corner of the map.

The window that opens when a reach is selected defaults to the “Reach/Catchment Info” tab and shows some basic information about the reach (including the current mapped value selected from the data series). 

The “Model Source Inputs” tab displays the values for the sources associated with the incremental catchment for this reach (listed under “Original Amount”). These are the values that were used in the model calibration. Every incremental catchment has a value for each one of these sources. 

The “Predicted Values” table shows the predicted loads for the reach. Two sets of data are shown (total load and incremental load). Total load data are shown first in the list and are associated with the load exported from this reach that is due to all sources located within its upstream watershed. Incremental load data are shown below the total load data and are associated with the load exported from this reach that is due exclusively to sources located within the incremental catchment for this reach. For both sets of values the DSS displays the load contributed by each source in kilograms per year and as a percentage of the total and incremental load. For example, livestock manure is the largest contributor to the total load exported from this reach (42.3%) whereas farm fertilizer is the largest contributor to the incremental load exported from this reach (50.2%).

Selecting the “Graphs” tab shows the values under the “Predicted Values” tab in a bar and pie chart form. Only the total load is presented in these charts.

Close all windows currently open for the “Find a Reach” tool and select the “Remove Overlay” tool on the map tool bar to remove the incremental watershed.


Change Inputs
You can use the “Change Inputs” tool to map the effect of management scenarios on stream water quality, based on hypothetical changes in source inputs. 
1. Select the “Change Inputs” tab.
2. Now select the stream reaches or basins where the changes are to occur. You need to select a stream reach first. You can select a stream reach by either searching for it (for example, by stream name like we did with the Yakima River) or by clicking on it on the map. Let’s search for a reach rather than selecting one from the map. Under “Select stream reaches where changes are to occur” click on the “Find by name or hydrologic unit code” option. The “Find a Reach” window appears. Type “Willamette” in the “Reach Name” box and click on the “Find Reaches” tab. The DSS will list all of the reaches with the word “Willamette” in the name. Let’s select the most downstream reach of the Willamette River.  
3. When you click the “Identify” button (*i) for the most downstream reach (Reach ID 54157) you’ll notice that a box opens under the reach selection section with the title “Reach Name: Willamette R.”. In addition, a window opens showing the modeling results (as happened when the Yakima River reach was selected). You can ignore this window, but it needs remain open to proceed with changing the source inputs.
4. Enter a group name for this scenario (“Willamette”, for example). Select the extent to which the change in inputs is going to be applied. The choices are: this reach only, reaches upstream of this reach, reaches within the HUC8 watershed containing this reach, reaches within the HUC6 watershed containing this reach, reaches within the HUC4 watershed containing this reach, or reaches within the HUC2 watershed containing this reach). Let’s apply the changes to all reaches upstream of this reach. Select this option and then press the “Add to Group” button. The “Willamette” group is added under the “Change the value of the source inputs” section located below the ”Select stream reaches where changes are to occur” section .
5. Right click on the “Willamette” folder and select “Edit/Apply Changes”. You can now scale any of the source loads by the any factor. Apply a scaling factor of 0.5 to “Point Sources” and select “Save Group Changes”. Click on the “Update Map” button to apply the changes. 
6. Now you can see how reducing the annual nitrogen load from all point sources upstream of this reach changes the predicted total nitrogen load (in this reach and all upstream reaches). For example, retrieve the prediction results for Reach ID 92041 (Willamette River near Newberg, OR). Enter Reach ID 92041 under the “Find a Reach”, select “Find Reaches”, and click on the “i*” next to the reach ID. A new window opens that shows the modeling results. When you select the “Model Source Inputs” tab in this window you’ll see a list of the nitrogen sources along with the original amount (those used in the model calibration) and the adjusted amount. These are the amounts for the sources located exclusively in the incremental catchment for reach 92041. The only source with an adjusted amount is point sources (50% less than the original amount). When you select the “Predicted Values” tab you’ll see how your adjustment affected the predicted total nitrogen loads in this reach. As expected, the total load and load from point sources decreased. You can see this in graphical form by selecting the “Graphs” tab.
7. You can also map the change in load from applying this treatment. Under the “Display Results” tab select “Total Load” as the data series, “%Change from original” under “Comparison to Original Model”, and “All” for model source, display the catchments, and then regenerate the map. You can close any open windows covering the map. You’ll see the predicted change in total load exported from each reach (displayed as catchments) if point source loads were reduced by 50% throughout the Willamette River basin. Zoom out to show the entire Willamette River basin by using the “Zoom Out” tool on the map tool bar.
8.  Override the default binning in the map legend. Let’s use 10 equal-range bins.  Deselect the “Auto-binning” option and select the Edit custom bins” button. The “Define custom bins” window will appear. Select the “Auto-generate” button and enter “Equal Range for “Type” and 10 for “Count”. Then press “OK” and then “Save”.  The map will regenerate using the 10 equal-range bins.


Sessions

You can save any adjustment scenarios on your computer by selecting “Save Session” under the “Sessions” tab. Save this current session as “will_50%_point_reduction”. You can load a saved session (and make any other adjustments) by selecting “Load Session” under the “Session” tab. The session files will have a “*.js” extension.


Export Data

You can export reach-specific predictions (including any adjustments) to a CSV, tab delimited, or Excel file. You have an option of exporting the results for the entire region (12,039 reaches) or just the reaches included in the current map view. For the current session we’re only interested in the Willamette River basin, so zoom out until the entire basin is in view. Export the results from the current session by selecting the “Export Data” tab, choosing the Excel file format, and selecting “Only export reaches in view”.


Downstream Tracking

You can use this tool to map the amount of load from upstream catchments that is delivered to a downstream outlet reach.  Select the “Downstream Tracking” tab.

1. Select Downstream Reach(es). Identify a reach by selecting from the map or by selecting “Find stream reach by name” (see the “Find a Reach” tool). Let’s select the most downstream reach of the Snake River (56733). Check the “Select?” box for reach 56733 (located at the far right in the row for this reach) and then click on the “Add Selected to Downstream Outlet Reaches (es)” button at the bottom of the window.
2. Activate Downstream Outlet Reach(es).The reach now appears under the  “Activate Downstream Outlet Reach(es)” section, meaning that has been selected as an outlet reach. Click the “Done” button at the bottom of the “Find a Reach” window.
3. Return to the “Display Results” tab. The “Downstream Tracking” data series include four parameters that can be displayed on the map: 
a. Total Delivered Load: the total load associated with a stream reach that arrives at the end of an outlet reach;
b. Incremental Delivered  Load: the incremental load associated with a stream reach that arrives at the end of an outlet reach;
c. Delivery Fraction: The proportion (from 0 to 1) of the load associated with a reach that arrives at the end of an outlet reach without any removal by natural attenuation processes (for example, long-term storage; denitrification); and
d. Incremental Delivered Yield: the incremental delivered load associated with a stream reach divided by the area of the incremental catchment for that reach.

Select “Incremental Delivered Load” under “Downstream Tracking”, select “Do Not compare” under “Comparison to Original Model”, and press the “Update Map” button (you can close the “Select a Reach” windows). After the map updates zoom out to show the entire Snake River basin by selecting the “Reset View to Original Bounds” tool on the map toolbar. The map shows the amount of the load generated within each incremental catchment that is delivered to the outlet of the basin.  Save this session as “snake_river_downstream_tracking” (see Sessions).


Predefined Sessions

The USGS has created preconfigured sessions for the SPARROW DSS. These sessions are available when a model is selected from the main SPARROW DSS site (http:cida.usgs.gov/ sparrow/). There are 21 watershed based sessions for each of the Pacific Northwest SPARROW models (one group for the total nitrogen model and one group for the total phosphorus model). Twenty of these watershed based sessions are configured so that the last reach of the main river in each six-digit Hydrologic Unit Code (HUC6) watershed (for example, the Willamette River and Yakima River basins) is identified as a downstream outlet reach.  For HUC6 watersheds that do not discharge through one river (the Puget Sound watershed and the coastal drainages of Washington and Oregon) the last reach of the largest river within the HUC6 watershed is identified as a downstream outlet reach. There is also one scenario based session that implements a 50% reduction in point source loading to the Willamette River basin. This scenario based session has the same settings as the session you saved named “will_50%_point_reduction”. 
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