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USDA-NRCS National Water & Climate Center 

 Provides streamflow forecasts for over 740 points in 
the West. 

 

 US West's high mountain ranges hold a vast 
snowpack that provides 50 to 80 percent of the 
year's water supply 

 

 Factors affecting the amount of snowmelt runoff 

 Snowpack 

 Soil moisture 

 Ground water 

 Precipitation patterns / air temperature 

 Vegetation 

 Frequency of storm events 
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Snow Survey 

 USDA-NRCS Cooperative Snow Survey Program 

(since 1935) 

 Manual data collection by snow surveyors 

 ~1,700 snow courses 

 

 USDA-NRCS SNOTEL (since 1977) 

 Automated radio telemetry data collection 

 ~800 SNOTEL sites 

 

 

Image source: USDA-NRCS 



Snowpack survey - SNOTEL 

 Craters Meadow SNOTEL -- 5,690 Feet -- Clearwater Basin (Image source: 

USDA-NRCS http://www.id.nrcs.usda.gov/snow/siteinfo/typical_snotel.html) 



SNOTEL Site Selection Criteria 

 Existing SNOTEL sites and snow courses 

 Terrain variability 

 Aspect 

 Elevation 

 Precipitation variability 

 Soil 

 Accessibility 

 Access road 

 Slope 

 Land ownership 



Watershed (AOI) Delineation Steps 

Image source: ESRI  ArcGIS Online Help 



Clearwater River at Orofino
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Image source: USDA-NRCS NWCC 



Example of Basin Analysis Outcome 

 

Image source: USDA-NRCS NWCC 



The GIS Weasel!! 

 



BAGIS Development Goals 

 Compatibility 
 NWCC SW/HW environment 

 GIS Weasel 

 Integrity 
 Data management 

 Process 

 Efficiency 
 Computation 

 Workflow 

 Usability 
 Interface 

 Functionality 



Hardware / Software Environment 
 Hardware 

 Microsoft Windows-based PC 

 Fast CPU and disk drives 

 4 GB of system RAM 

 Sufficiently large disk space 

 

 Software 

 ESRI ArcGIS 9.X or later with Spatial Analyst extension and 
VBA activated 

 Microsoft Excel and Office 2007 or later 

 

 BAGIS (V1 released: July 2010, Latest version: Ver1_F) 

 Distributed as a map template file (.mxt) in ArcGIS 9.X or as 
a map document (.mxd) in ArcGIS 10 

 Does not require installation 



Input Data of BAGIS 

 Input data categories 

 Digital Elevation Model – DEM (ArcInfo grid) 

 Forecast point locations (point shapefile) 

 SNOTEL / Snow course locations (point shapefile) 

 PRISM precipitation (ArcInfo grid) 

 Reference maps (optional) 

Other participating layers (optional) 

 



BAGIS Settings Dialog Window 

 



Model’s File Structure (Weasel Compatible) 
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BAGIS  - mxt in ArcGIS 9.x and mxd in 10 

 



BAGIS Demonstration 
Basin Functions 

 
 

AOI Functions 
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Project Outcomes 

 BAGIS model (for ArcGIS 9.X and 10) 

 Data compilation (22 different datasets with 

hundreds GB of data) 

 Model execution (601 AOIs with 700 GB data) 

 Final report – BAGIS User’s Manual 

 BAGIS Website – under construction 



 



License Restrictions 

 USDA has a nonexclusive license to copy, display, 

and perform BAGIS. 

 USDA has the right to distribute BAGIS to any 

commercial, nonprofit, or government entity 

partnered with USDA through grant, contract, or 

collaboration agreement for the ongoing research 

and projects performed for or in conjunction with 

USDA. 
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Hydrological Response Units (HRU) 

 



HDGIS Key Features 

Define HRUs (HRU Delineation) 

Refine HRUs (HRU Post-processing) 

Data management module 

Process logging module 



HRU Delineation 
Rule Types and Actions 

Rule Types Actions 

Contributing Area Contributing area 

Raster reclassification None or Reclassification 

Raster Slice Slice – equal area/equal interval 

DAFlow-Type Zones Generate grid system 

PRISM Precipitation Customized precip slice 

Template - Aspect Reclassification and filtering 

Template - Slope Filtering, reclassification, filtering 

Template - Canopy Filtering, reclassification, filtering 

Template - LULC Reclassification and filtering 

Template - Soil Rasterizing, reclassification and filtering 



HRU Post-processing 
Rule Types and Actions 

Rule Types Actions 

Eliminate Eliminate HRU by area or by number 

Cookie-Cut Use a user layer to overwrite portions of 
HRU 

Clustering Group HRUs into user-specified number 
of types and dissolve adjacent HRUs that 
are of the same type. 

Zonal statistics by 
HRU 

Add stats to HRU attribute table 

PRMS radiation plane 
attributes 

Add slope and aspect stats to HRU 
attribute table 



HRU Analyst Toolbar & HRU Delineation Dialog 

 



Rules for Defining HRU 
 



Rules for Defining HRU (cont) 

 



Process Log Viewer 

 



Tracking Parent HRU Log 

 



HRU Rules 

 



 



BAGIS Graphic User Interface 

 



Basin Analysis GIS 

1. Basin analysis GIS model building - BAGIS 

 Using Windows standard graphic user interface 

 Managing and organizing basin analysis data 

 Preparing terrain datasets for AOI delineation 

 Delineating AOI 

 Performing spatial computation 

 Generating maps and Excel reports 

 

2. GIS data compilation 

3. Basin analysis model execution 

 

 

 



BASINs and AOIs 
Region #AOIs Disk Size (GB) 

Great Basin 82 44.37 

Humboldt_2 10 19.3 

Koot_PO_Spok 48 87.3 

Lower Columbia 29 9.16 

Middle Columbia 25 9.56 

Missouri/Platte 110 209.8 

Puget_Sound 14 4.27 

Snake River 87 125 

South Coast 12 4.90 

Upper Colorado 160 167.44 

Upper Columbia 23 16.2 

Walker Lake 2 1 2.77 

Total 601 700.05 



Organization of Input Data  

 Input data requirements 

 Raster (Arcinfo grid); vector (ArcGIS shapefiles) 

 Some layers require predefined attributes 

(customizable at the system settings dialog window) 

 Input data do not need a mandatory organizing 

structure, except… 

 PRISM precipitation data 

 12 monthly 

 4 quarterly 

 1 annual 



Organization of Output Data 

 Output data categories 

 Basins – basic unit for processing DEM for AOI 

delineation 

 Area of Interests (AOIs) – basic unit for basin analysis 

 

 Output data requirements 

 Raster (Arcinfo grid); vector (ArcGIS shapefiles) 

 Output data are compatible with GIS Weasel 

 Allow nested AOIs 

 



User’s File Structure (Recommended) 
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Basin Functions 

 



Basin Functions 

 



Basin Functions 

 



AOI Functions 

 



AOI Functions 

 



AOI Functions 

 



Maps & Tables Functions 

 



Maps & Tables Functions 

 



Maps & Tables Functions 

 



Maps & Tables Functions 

 



Maps & Tables Functions 

 



Other Tools 

 



BAGIS Version 1 

 Beta period: January – June, 2010 

 V1 initial release: July 4, 2010 

 V1_B and V1_C: August, 2010  

 V1_D: September 3, 2010 

 V1_E: October 5, 2010 

 V1_F: December 25, 2010 (scheduled) 

 

 Testers:  

 NWCC: Jim Marron, Tom Perkins, Angus Goodbody, … 

 PSU: Ray Henning 

 Programmers: 

 Geoffrey Duh, James Manzione 



Disclaimers 

 THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND 

CONTRIBUTORS "AS IS" AND ANY EXPRESS OR IMPLIED 

WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED 

WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 

PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE 

COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY 

DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR 

CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, 

PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF 

USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER 

CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN 

CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE 

OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS 

SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH 

DAMAGE. 



 



Data Name Description Data Type Sources 

Active COOP Sites  COOP Climate Stations  GIS Point  NWCC  

Active/Inactive Snow Courses  Existing Snow Courses  GIS Point  NWCC  

DEM 10 meters – Western US  USGS NED - 1/3 arc-second  GIS Grid/Raster  The National Map Seamless Server  

DEM 30 meters - Alaska  ASTER Global Digital Elevation Map  GIS Grid/Raster ASTER GDEM  

DEM 30 meters - Canada  ASTER Global Digital Elevation Map  GIS Grid/Raster ASTER GDEM  

DEM 30 meters - Western US USGS  NED - 1 arc-second  GIS Grid/Raster  The National Map Seamless Server  

Forest Density  Forest Density - From USGS Weasel  GIS Grid/Raster NWCC  

Forest Type / Land Cover  Forest Type - from USGS Weasel  GIS Grid/Raster NWCC  

HUC Basin Boundary  Hydrologic Unit Code Boundary  GIS Polygon   NOAA 

Land Management: Federal Federal lands/areas  GIS Polygon  The National Map Seamless Server  

Land Management: Indian Indian lands/areas  GIS Polygon  The National Map Seamless Server  

Land Management: Wilderness Wilderness lands/areas  GIS Polygon  The National Map Seamless Server  

National Atlas -Roads  National Atlas Roads  GIS Line  The National Map Seamless Server  

National Atlas -Streams  National Atlas Streams  GIS Polygon  The National Map Seamless Server  

National Atlas -Waterbodies National Atlas Waterbodies  GIS Polygon  The National Map Seamless Server  

PRISM annual prcp & monthly prcp  800 meter precipitation data  GIS Grid/Raster   

SNOTEL sites - existing  Existing SNOTEL sites  GIS Point  NWCC  

SNOTEL sites - Proposed  Proposed SNOTEL Sites  GIS Point  NWCC  

Soil  Soil Data - from USGS Weasel  GIS Polygon   NRCS 

USFS Service Roads  Service roads in National Forests  GIS Line  http://svinetfc4.fs.fed.us/vectorgatewa

y/index.html  

USGS Gauges (Forecast points)  USGS stream gauges  GIS Point  NWCC  

BAGIS Data Catalog 

http://nwcc/
http://nwcc/
http://seamless.usgs.gov/index.php
http://www.gdem.aster.ersdac.or.jp/
http://www.gdem.aster.ersdac.or.jp/
http://ned.usgs.gov/
http://nwcc/
http://nwcc/
http://seamless.usgs.gov/index.php
http://seamless.usgs.gov/index.php
http://seamless.usgs.gov/index.php
http://seamless.usgs.gov/index.php
http://seamless.usgs.gov/index.php
http://seamless.usgs.gov/index.php
http://www.wcc.nrcs.usda.gov/snow/about.html
http://nwcc/
http://svinetfc4.fs.fed.us/vectorgateway/index.html
http://svinetfc4.fs.fed.us/vectorgateway/index.html
http://nwcc/


DEM 30 Meters – Western US 

 


