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1. Purpose and Scope

The Environmental Protection Agency (EPA) estimates that over 20,000 bodies of water throughout the country are too polluted to meet water quality standards (GAO, 2002).  The Clean Water Act requires states to identify water bodies that do not meet applicable standards and establish a pollution budget known as the Total Maximum Daily Load (TMDL) for each pollutant contributing to the degraded waters.  A TMDL is a sum of the maximum allowable loads of a pollutant from point and nonpoint sources that a waterbody can receive and still meet its water quality standards.  The top causes of water quality impairment are: pathogens, metals (e.g., mercury, copper, lead), nutrients, and organic enrichment/low dissolved oxygen.  Nonpoint sources, or pollution from urban and agricultural land that is transported by precipitation and runoff, either as a sole source or in conjunction with point sources, cause 90 percent of impairments.  


Ideally, one would like to monitor water quality at numerous locations within a watershed on a periodic basis to assess fluctuations in water quality under different flow and seasonal conditions and assist in the identification of pollution sources. Unfortunately, most states lack the resources to assess and protect waterbodies with monitoring data alone.  To overcome this shortcoming, the EPA has developed a modeling system for performing watershed and water quality studies. 
BASINS (Better Assessment Science Integrating Point and Nonpoint Sources) is a multipurpose environmental analysis system to assist regional, state and local agencies in their assessment obligations.  BASINS is configured to support environmental and ecological studies in a watershed context.  BASINS is also configured to develop TMDLs for water bodies that are not meeting water quality standards.  Developing TMDLs requires a watershed-based approach that integrates both point and nonpoint sources.

BASINS 
is an application that links GIS-based data to a suite of models, including two watershed models. These watershed models, HSPF (Hydrologic Simulation Program Fortran) and SWAT (Soil Water Assessment Tool) simulate runoff and point and nonpoint source pollution loading for a watershed.  HSPF is a continuous simulation model that is driven by meteorological data, typically at one-hour time steps.  SWAT is a watershed scaled model used to predict impact of land management practices on water, sediment and agriculture chemical yield analysis with varying management practices on a daily time step.  Both models use land cover data, digital elevation models (DEMs), meteorological data, water quality measurements, stream network data (e.g., the National Hydrography Dataset) and stream flow data.
Since HSPF is driven by meteorological data, having accurate weather data on at appropriate temporal and spatial resolutions is essential to ensure the quality of the modeling results.  Typically the hourly gage data maintained by NOAA or other organizations are used in HSPF modeling.  However, there are many instances in which there are no meteorological data available from ground-based stations for a watershed of interest.  In such instances, estimates are usually made by using data from the closest stations.  Meteorological data plays a crucial role in simulating stream flow and runoff, which in turn have a significant impact in estimating total pollutant loads and developing TMDLs.  Having accurate hourly meteorological data on a relative small spatial scale could improve HSPF modeling efforts by decreasing modeling uncertainty, increasing the accuracy of TMDL estimates, and allowing for modeling on smaller scales.  More local scale modeling could lead to more efficient placement of best management practices (BMPs) used to control nonpoint source pollution, thereby providing better water quality results at lower costs.  
There are several potential areas in which NASA data and science products may be used to improve the HSPF and SWAT model performance.  These include:

· Improved parameters (e.g., land cover, buffer zones)

· Improved forcing (e.g., precipitation, evaporation, wind, solar radiation,)

· Improved initial conditions (e.g., snow cover, soil moisture,)

2. Project Goals and Objectives

The goal is to verify and validate Earth science products for use in the EPA BASINS decision support system tool.  In response to this need for more spatially- and temporally- complete information, EPA has partnered with NASA and other government agencies to explore the use of remote sensing products and employ different models and techniques to work further with the remote sensing products.  Pilot studies will be implemented to evaluate, validate and benchmark the datasets of the MODIS (Moderate Resolution Imaging Spectroradiometer) sensor aboard the Earth Observing System (EOS) Terra and Aqua Satellites, Landsat TM data, ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer), SRTM (Shuttle Radar Topography Mission), and other remote sensing platforms provided by NASA.  The use of these datasets will be further enhanced by assimilating them into land surface models as part of a modeling system known as the Land Data Assimilation System (LDAS) or Land Information System (LIS).  LDAS (LIS) provides water balance and surface property information to less than 1 km grid to an hourly time step. We plan to investigate the use of NASA products for improving the performance of HSPF in all three of the areas identified above (improved parameters, improved forcing, and improved initial conditions).  An initial regional test site in northern Georgia has been chosen by EPA and NASA for the work.  Other test sites may be selected in future years.

3. Project Team

The collaboration between NASA and EPA started over a year ago with series of workshops and meetings including a completion of a Memorandum of Understanding between the Office of Water and NASA Earth Sciences.  NASA and EPA are currently working on a Joint Program Implementation Plan.  The primary connections have been between NASA and four divisions within the EPA Office of Water: 1) Office of Groundwater and Drinking Water, Drinking Water Protection Division; 2) Office of Wetlands, Oceans, and Watersheds (OWOW), Assessment and Watershed Protection Division; 3) Office of Science and Technology, Standards and Health Protection Division; and 4) OWOW, Oceans and Coastal Protection Division.

Program Managers:
Jared Entin (HQ) and Shahid Habib (GSFC)

Project Managers:
David Toll and Kristi Arsenault

Project Team Members:
Ted Engman, Jonathan Triggs, Paul Houser, Ana Pinheiro

      NASA Center Participation:

Stennis Space Ctr
Nathan  Sovik and  Fritz Policelli

EPA Project Partners:
Lauren MacWilliams, Doug Norton, 
Renee Morris, 





Ed Partington,  Gregg Serenbetz

Other Agency Partners:


USGS: 

Mark Mastin, Steve Markstrom


USDA (FAS, NRCS, Forest Service):   Dale Bucks, Jon Werner, Gail Shaw


NOAA: 

Jin Huang


TVA:

University Partners:


U. Maryland Center for Environmental Studies (UMCES): Phil Towsend &



                                                                 K. Eschleman



Hunter College CUNY:
            Wenge Ni-Meister
4.
Roles and Responsibilities:

· The overall interagency coordination, project guidance, and headquarters interactions will be provided by the NASA-GSFC applications program manager, Dr. Shahid Habib.
· The overall project coordination between EPA, NASA and the universities will be provided by Mr. David Toll and Ms. Kristi Arsenault.  Ms. Lauren MacWilliams will coordinate EPA activities.
· The overall EPA project coordination will be by Lauren MacWilliams in the Standards and Health Protection Division.  She will coordinate with Renee Morris in the Source Water Protection Office, and Doug Norton in the Watershed Protection Office.  Where applicable the Coastal Office (Gregg Serenbetz) and tribal affairs will be included.
· The EPA team will help choose the test watershed and provide BASINS-HSPF and SWAT model runs and results from the EPA standard approach for establishing TMDLs.
· The EPA team will provide the computer code and sample data set for the GSFC team so that the GSFC/university team can become familiar with the operation of the model and its sensitivity to various forcing functions, parameters and initial conditions.
· The combined EPA and GSFC/university teams will sequentially run the models with improved input parameters and initial conditions provided by GSFC/university science models so that the teams can evaluate whether or not these inputs improve the model performance.
· The UMCES team will be responsible for multiscaling issues between resolutions and expert on high resolution remote sensing systems.  The Hunter College team will assist with LDAS and satellite products and will coordinate data assimilation activities.
· The GSFC, university and SSC teams will develop the verification, validation and benchmarking strategies for evaluating the model improvements.

· The SSC, GSFC and EPA teams will document the benchmark improvements and work with EPA on ways to provide the improved model inputs for other applications in the US.

5. University Collaboration

A summary of potential university collaboration is outlined next.  This is a modest scale effort with future plans to procure funds via competed announcements.  Any university involvement however is contingent on satisfactory funding levels and final agreement with the indicated university.

University of Maryland Center for Environmental Science (UMCES)  (PI’s P. Townsend and K. Eshleman) UMCES will work with NASA to test the applicability of new NASA data products to the BASINS watershed assessment tool.  Primary emphasis will be the study of multispatial scales between capabilities of higher resolution systems (Landsat and IKONOS) and moderate resolution systems such as MODIS for the north Georgia study site.  The remote sensing expertise of Townsend and water quality/ecosystem expertise of Eshleman make an ideal group to study NASA products to improve BASINS performance.

Hunter College, CUNY. (PI Wenge Ni- Meister) Dr. Ni-Meister has significant LDAS, data assimilation and remote sensing expertise to study effects of NASA MODIS and LDAS products on BASINS to the north Georgia watersheds.  This coupled with their strong department work on GIS should enable a thorough analysis of north Georgia watersheds using LDAS and satellite data such as from MODIS.

6. Project Implementation/Approach

The EPA has already selected test watersheds for this project in northern Georgia (http://www.northgeorgiawater.org/).   This is an area that is experiencing typical nonpoint source pollution problems, including runoff from agricultural lands, conversion of agricultural and forested areas to urban and suburban use, and runoff from impervious areas.  The schematic (Figure 1) illustrates the approach being proposed for this project. EPA has already set up the BASINS-HSPF/SWAT modeling system for use in this area.  The output from this system has been compared to measured stream flow and water quality parameter concentrations at various points in the watershed.  Although the results were acceptable, the extensive planning effort in North Georgia made use of more data than is typically available in modeling projects and there is still room for improved model performance.  We plan to incrementally force the HSPF and SWAT model with improved input data from the MODIS and LDAS (also called Land Information System {LIS}) to see if we can improve the fit between measured and model derived results.  We plan to do similar experiments with improved parameters and improved initial conditions.  After seeing which forcings, parameters and initial conditions improve the HSPF/BASINS results, we plan to experiment with combinations of these.  This work has significant overlap with other federal agency decision support tools and where possible we may readily provide significant support (USGS, USDA, NPS, USBR, FWS, etc.).
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Figure 1. Schematic of the approach for developing and implementing NASA remotely sensed and modeling products into EPA DSSs and modeling tools.









7. Deliverables

Emphasis of the first year of activities will be the development of an Evaluation Report on the incremental improvements of NASA data, if any, to the BASINS models (i.e., HSPF and SWAT).  The major deliverables from this work will be a documented degree of improvement resulting from the implementation of NASA science models and satellite data.  The EPA DSS models and parameters are multifaceted and could use a broad array of NASA data over a broad range of conditions.   During the earlier years more promising and less complex NASA data will be tested.  For example, the LIS/LDAS forcing of precipitation and evapotranspiration along with MODIS and Landsat derived land cover and perviousness will be evaluated.  More complex data and techniques will be evaluated in subsequent years, including the data assimilation of NASA products (e.g., precipitation, ET).  Also we will study means to improve flow estimates.  Flow amounts are crucial to EPA TMDL concentration calculations.   Last, we also plan to define procedures necessary for EPA to implement these improvements for future applications of the BASINS in other watersheds/regions around the US.

A project technical report will be completed for each year FY05-FY08, contingent on procuring competitive funding to augment project plan funding (see Budget).  The report will include the following components:


• Evaluation Report (Each year for selected NASA products)

• Verification and Validation Report (FY06 and beyond)

• Benchmark Report (FY07 and beyond)
Other agencies to be in contact with during this project include the National Park Service, the US Department of Agriculture (NRCS and Forest Service), US Geological Survey and the Bureau of Reclamation.

8. Budget

The following table provides the estimated budget needs for this project.  The estimated cost by group is given in the second table.  The funding level decreases after FY04 with expectations that augmented funds will be obtained through competitive announcements.  Similarly, university amounts decrease and end in FY2006 with expectations that they will procure funds through competitive sources.  Each university is submitting a separate, short proposal.

Budget summary by task.


FY2004
FY2005
FY2006
FY2007
FY2008

Select watersheds, benchmark results & set-up to ingest NASA data  Modify and evaluate NASA and LIS results
$145000





Develop LIS and higher scale satellite products for evaluation.  Incrementally test results.

$100000




Verify and validate results of each improvement.  Test combinations of inputs.


$80000



Benchmark results and formalize methods.



$35000
$17000

Travel
$10000
$10000
$5000
$3000
$3000

Hardware, software, etc
$10000
$5000
$5000
$2000


Management
$10000
$10000
$10000
$10000
$5000

Totals
$175000
$125000
$100000
$50000
$25000

Planned budget summary estimates by group.


FY2004
FY2005
FY2006
FY2007
FY2008

UMCES
$45000
$20000
$10000



Hunter
$45000
$20000
$10000










GSFC
$85000
$85000
$80000
$50000
$25000

Totals
$175000
$125000
$100000
$50000
$25000

9. Schedule and Milestones

The following tasks define the schedule and the milestones:

1. Select watershed for testing (done) (FY 2004)

2. Compare model results with measured data (existing benchmark)  (FY2004)

3. Design V&V and V&B procedures with SSC (FY2004)

4. Design and facilitate ingestion of NASA data to HSPF and SWAT

5. Develop LIS products and model parameters from satellite data (FY 2004)

6. Incrementally test the values of each of the NASA input products. Complete selected Evaluation Reports  (FY2005)

7. Verify and validate the results of each incremental contribution (FY 2005)

8. Test combinations of NASA developed inputs (FY2006)

9. Verify and validate the results of each combined contribution (FY2006)

10. Benchmark the NASA inputs with respect to cost improvements, time improvements, accuracy, filling a need, and socioeconomic impact (FY2007)

11. Formalize procedures into the existing BASINS DSS for future applications. (FY2008)

10.  Performance Measures

Various strategies will be used to monitor progress for this project. These include:

1. Formal briefings to NASA-HQ every six months to report progress and to review project.

2. Monthly technical team meetings (within individual teams) or teleconferences (between the teams) to assess project task status.   

3. Project review meetings held every year between the partners (NASA-GSFC and EPA) to communicate progress and leverage activities and results. 

4. Direct interaction with satellite and ancillary data providers and other workers through meetings, seminars, and workshops in order to re-evaluate (and if necessary re-calibrate) our strategies and methods vis-à-vis prevailing scientific trends and results.

5. Direct interaction with industry and potential users of our products to communicate our development strategies and results and understand system performance.

6. Results of peer-review of technical manuscripts developed by project team members. 
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