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1. Purpose & Scope

Water resources issues have been identified as a top priority for this and coming generations, and for all countries.  However, as a major driver of our Earth-climate system, there is much yet to be understood about water.  Water acts to drive local and global scale cycles of energy and moisture, and of course it is the most critical element to human survival.  Within the United States alone, many aspects involving water like supply for human use, flooding events, and droughts are experienced in all regions and all seasons.  In the western half of the U.S., where the driest conditions exist in our country and a population boom is occurring, proper management of the water supply is essential, requiring the best cutting-edge technologies and information to ensure high-quality management decisions.

One agency, responsible for such decisions, is the U.S. Bureau of Reclamation (USBR or also known as Reclamation), a component of the Department of Interior.  They manage the largest quantity of wholesale water in the U.S. and are responsible for many aspects of water management, including flood control, irrigation, maintaining sufficient water levels for healthy wildlife and endangered species habitat, hydroelectric power, and other public- and industrial-related uses.  They rely heavily on ground observation networks that include many from other agencies, but these networks usually do not cover all important areas that contribute to the river systems for which USBR must monitor, predict, and make decisions.  Also, due to the lack of some of the spatial information needed, they must calibrate models with just these point measurements, making many assumptions to do so.
In response to this need for more spatially and temporally complete information, USBR has partnered with NASA and other government agencies to explore the use of remote sensing products and to employ different models and techniques to work further with the remote sensing products.  A few pilot studies are now underway in certain regions of the western U.S. 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 and NOAA.  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).  

Remote-sensing and enhanced observation-based products are currently being and will be tested and benchmarked as inputs to Reclamation’s decision support systems (DSS’s), RiverWare and AWARDS ET-Toolbox (Agriculture Water Resources Decision Support-Evapotranspiration Toolbox).  RiverWare is a dually supported DSS by USBR and the Tennessee Valley Authority (TVA), and it is mainly developed by the Center for Advanced Decision Support for Water and Environmental Systems (CADWES) at the University of Colorado at Boulder.  By collaborating with USBR national and regional offices and their partnering agencies, like USGS and NOAA, we aim to test and develop an integrated NASA observation and modeling framework that will help meet the needs of the water managers, engineers, and farmers alike for the different regions and the different water-related problems affecting those regions (e.g., flooding, drought, etc.). 
2.  Project Goals & Objectives

The main goals of these collaborative projects involve developing an integrated observation-based modeling system that should meet the needs of the USBR regional offices and regional water issues, and evaluating and benchmarking different satellite data such as MODIS products (e.g., snow cover, vegetation vigor, and land cover changes, etc.), Landsat imagery, SRTM, and ASTER.  In addition, other sensor products may be evaluated to see what may be considered “value-added” to USBR DSS’s and the management decision-making process.  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).  LDAS provides water balance and surface property information to less than 1 km grid to an hourly time step.  Both retrospective studies and near real-time simulations will be evaluated and made available to investigate where monitoring and forecasting of water supply and extreme events, like flooding, may be enhanced.  Two projects have been established thus far in the Columbia River Basins and also the Middle Rio Grande Basin, and a couple other collaborative projects are being planned to test NASA data in these DSS’s.  RiverWare and AWARDS ET-Toolbox are used heavily in the regions of interest, and their enhancement will be a major focus of these projects. The projects are expected to be completed within five years.  The knowledge gained and technology developed for these efforts are also intended to be transferred to other basins requiring such attention, pending the success of the projects and available future funding.
3.  Project Team 
The collaboration between NASA and USBR began about two years ago, and with the latest received funding for two projects additional growth to our partnership has occurred.  The foundation for much of the partnership began with discussion of using LDAS and NASA satellite data output for USBR’s DSS’s.  However, LDAS has become quite developed through collaborative efforts with the Land Information System (LIS) project at NASA GSFC and other agency and university partners like NOAA and Princeton University (part of the LDAS multi-institutional project).  The main partners that we work with are located at Reclamation’s Technical Service Center (TSC) in Denver and with their water operations clients in regional and area Reclamation offices, depending on the basin of focus. University partners will also work with NASA and project partners to directly evaluate, verify/validate and benchmark the utility of NASA data into partner DSS.  The partnership builds on the NASA – USBR workshop on Water Management held Nov. 2003 in Albuquerque, New Mexico.  This was followed by USBR – NASA working documents and current work towards a Memorandum of Understanding.
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4.  Roles and Responsibilities 

· The NASA-GSFC team (Kristi Arsenault, David Toll, Paul Houser, Ted Engman, Ana Pinheiro and others) in conjunction with university partners will collect and process existing satellite and ancillary data required for this project.  In addition, such data will be integrated into land surface models (LSMs) as part of the LDAS.

· The North American LDAS (LDAS) project maintains much of the forecasting and atmospheric forcing products used to drive LSMs.  The latest code adapted for LDAS is derived from another NASA milestone-driven project, LIS (Land Information System ).
· The NASA-GSFC team will work with teams from USBR located both in Denver and area offices, including Upper Columbia Area Office, Yakima WA, and Columbia Basin Project Office,  Ephrata, WA, and Albuquerque Area Office, NM.  For Yakima and Columbia River Basins, the main focus will be on capturing realistic estimates of snowpack accumulation and melt processes and on improving the use of numerical weather prediction model forecasts for flood prediction.  For the Middle Rio Grande River Basin, a focus will be made on improving ET estimates for various land surface sources and comparing to current ET Toolbox estimates and ground measurements collected at specific sites. 
· The USBR team (David Matthews, Richard Stodt, Donald Frevert, Doug Clark and others) will develop and customize their DSS tools and models, and make available to the NASA GSFC team certain observation network datasets to be used in the customized and updated LDAS-LIS modeling systems.  Also the USBR teams will set up their operational systems to ingest and archive the NASA products to be used in their DSSs for near real-time operations and retrospective studies.
· The USGS and USDA teams (in collaboration with the USBR team) will continue to develop the database and modeling tools that relate to RiverWare and ET Toolbox. 
· The University of Nevada, Reno, team will be led by Dr. Doug Boyle.  Dr. Boyle has expertise in new modeling approaches into federal agency decision support tools and use of remote sensing.  He will coordinate the integration of NASA data and modeling in to RiverWare for the Truckee, Upper Rio Grande,  and Gunnison watersheds.

· 
· The University of Idaho, led by Dr. Richard Allen, will update and refine land use/land cover crop coefficients for ET Toolbox using MODIS data for  4 km x 4km grid cells.
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Figure 1. Schematic of the approach for developing and implementing NASA remotely sensed and modeling products into USBR DSSs and modeling tools.
5.  Project Implementation and Approach
 Figure 1  shows the approach for developing LDAS/LIS modeling systems with certain remote sensing information to be assimilated and used for final product to provide USBR and their DSS’s and modeling tools.  There is also shown certain observation data being routed from USBR to NASA GSFC to be integrated into the LDAS/LIS models to bring the customized modeling systems more in-line with their operations.  Also, NOAA atmospheric model datasets and other remote sensing observation products are highlighted as part of the process. This work has significant overlap with other federal agency decision support tools and where possible we may readily provide significant support (USGS, USDA, NPS, EPA, FWS, etc.).
6.  Deliverables

The first deliverable will be the validation results of the current LDAS/LIS systems for both river basin regions at approximately 13 km and 1 km resolutions, using the baseline LDAS forcing and parameters.  These will more specifically include the Community Land Model, version 2 (CLM2), Mosaic, and Noah LSMs as the first part of the evaluation at these two different resolutions.  The forcing variables, state variables (e.g., land surface temperature, soil moisture, and snow cover), and certain parameter files (e.g., MODIS land cover classes) will be validated with in situ station observations.  NASA will also work closely in conjunction with university and Reclamation researchers to evaluate, verify/validate and benchmark NASA products in to RiverWare and AWARDS ET Toolbox.
Once initial validation and benchmarking are completed, the assimilation of MODIS land surface temperature, snow cover, and vegetation cover and phenology measures, and Landsat land class information will be made with selected LSMs and at sub-1km resolutions.  When this phase begins, the data products will be the next major deliverables to the USBR Denver and regional offices to be tested and evaluated in their DSS’s.  This stage is planned to begin by the end of 2004, and through the year 2005, established value-added measures will be used for further studies and feedback on products that do not add value will be further investigated.  The goal by the end of the second year is to identify which products add value to their DSS’s and water management operations.  In years 3 and 4, the goal is to enhance DSS with more complex products.

At the end of the project implementation, the aim is to have a number of products that will be operationally generated in near real-time (and a plan established to transfer the customized operational systems to Reclamation). All the products will be provided to the appropriate DSS like the AWARDS ET-Toolbox through the Internet for easy accessibility. The major products we plan to provide will include the following:

· Maps of snow cover, depth estimates, melt, and sublimation rates

· Surface and sub-surface ground conditions (including heat and water storage) for all parts of the year 

· Routed surface and baseflow runoff that matches their Reclamation Modular Modeling System and RiverWare DSS modeling operations.
· Model forecast analyses (from NCEP and FSL, downscaled to drive the LSMs)

· Changes in vegetation dynamics and parameters related to land use and cover classifications, affecting snow melt and evapotranspiration.

· Modeled evapotranspiration rates for different land surface types and regions

· Integration of gridded LDAS LSM information into Reclamation’s data bases for MMS, RiverWare, and ET Toolbox for daily to monthly operational decision support applications (to begin in FY04 and continue through the project).

· Test and evaluation of 2 to 7 day forecasts using advanced LDAS models and predictions of precipitation QPF and snowpack runoff for extreme events and normal conditions
· Continuous daily evaluation and testing of LDAS inputs to MMS, RiverWare, and ET Toolbox by water operations managers and planners at the field project sites, and at the TSC.

Also, we plan to accomplish the following::

· Provide collaborative and complete reports of how each full system works for each region, including a user’s manual to help them set up and maintain the system locally.
· Publish scientific articles in refereed journals.
· Deliver conference presentations at various international conferences.
· Deliver education and public outreach presentations and materials to help educate the public on this very important subject.
7.  Schedule & Milestones 

The following tasks define the schedule and the milestones:

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

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

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

4. Modify models to ingest NASA model and data products (FY2004)

5. Initialize and execute Et toolbox, MMS, and  RiverWare using NASA LDAS outputs (FY04)

6. Develop procedures to continuously evaluate and assess impacts of new LDAS inputs on efficienty and effectiveness of River System operations. (FY04-08)

7. Continue to enhance and improve accuracy and assess uncertainty in LDAS and model predictions relevant to water supply and demand  inputs to decision-making (FY05-08)

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

9. Incrementally test the values of each of the NASA input products (FY2005) and prepare Evaluation Reports from each group (GSFC, U. Idaho and U. Nevada).
10. Verify and validate the results of each incremental contribution (FY 2005)

11. Test combinations of NASA developed inputs (FY2006)

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

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

14. Formalize procedures into the existing RiverWare and AWARDS ET Toolbox DSS for future applications. (FY2008)

Note, for selected intial products we will move up the V&V and V&B procedures to an earlier time step (see 6. Deliverables).
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 will 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.  Select and implement DSS.  Modify and evaluate NASA and LIS results.
	$145000
	
	
	
	

	Develop LIS and higher scale satellite products for evaluation.  Incrementally test results
	
	$120000
	
	
	

	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

	U. Nevada
	$45000
	$20000
	$10000
	
	

	U. Arizona
	$45000
	$20000
	$10000
	
	

	U. Idaho
	$45000
	$15000
	$10000
	
	

	GSFC
	$85000
	$85000
	$70000
	$50000
	$50000

	Totals
	$175000
	$125000
	$100000
	$50000
	$25000


9.  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. Continuous field application of LDAS and NASA model and satellite products to improve DSS for water managers, who will provide quantitative assessments of value added by the new information in terms of “liberated”  water supplies for irrigation, hydropower generation, augmented M&I, riparian, and recreational water supplies.
4. Annual summaries of value added to water operations decision-making in terms of additional “liberated” water for beneficial uses (acre feet); additional power generated (MwH), and other quantitative measures.

5. Target for this research is to improve water operations efficiency by 2 to 5 % over the period of the project (liberating ~10KAF in the Rio Grande, and ~200KAF in the Columbia Basin annually).
6. Project review meetings held every year between the partners (NASA-GSFC and USBR) to communicate progress and leverage activities and results. 
7. 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.
8. Direct interaction with industry and potential users of our products to communicate our development strategies and results and understand system performance and requirements.
9. Peer-review of technical manuscripts developed by project team members. 
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