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I.  Purpose and Scope

ESE & Applications Program

The purpose of NASA’s Earth Science Enterprise (ESE) is to increase our knowledge of the Earth system, including its response to natural and human-induced changes to enable improved predictions of climate, weather, and natural hazards.  ESE and the Applications Program serve NASA and Society by expanding and accelerating the realization of societal and economic benefits from Earth science, information, and technology research and development.  The overarching goal of the Applications Program is to bridge the gap between Earth science research results and the adoption of data and prediction capabilities for reliable and sustained use in decision support. {Condensed paragraph}
The Enterprise works through partnerships with public, academic, and private organizations to develop innovative approaches for using Earth science information and technology.  The Applications Program enhances the availability, interoperability, and utility of Enterprise and private sector data sets, communications, computing, and modeling capabilities to serve specific national applications.  

Overall, the approach is to enable the assimilation of Earth science data and model outputs to serve as inputs to decision support tools and assessments.  Developments may be specific to a national application or may be served through a cross-cutting solution.  The outcomes and impacts are manifest in enhanced decision support and the social and economic benefits gained through improved decision making, public information, and efficient and effective management.  

National Applications

The specific National Applications partner with organizations, especially Federal and private-sector organizations, with appropriate information infrastructure to apply NASA data and models.  These partners own and operate Decision Support Systems for their policy, analysis and management responsibilities.  

The Applications Program supports the national applications by providing the partners with opportunities to enhance their Decision Support Systems.  A challenge is to integrate copious volumes of data with computationally demanding scientific models in order to produce and package products that operational users can accommodate in their systems for analysis and decision making.  Decision Support Systems provide systematic mechanisms to handle the volumes of data, incorporate model outputs and predictions, and benchmark the value of the products.  

The Enterprise Applications Program employs functional steps of Applications Research, Verification & Validation, and Benchmarking in its systematic approach to bridge the gaps between the research and operational domains.  

Applications Research:  Evaluate the requirements and technical feasibility of Earth science data and models, information products, and predictions in partners’ operational decision support needs.  

Verification & Validation:  Measure the performance characteristics of data, information, models, and predictions to meet requirements for the applications.

Benchmark:  Enable the adaptation and adoption of geospatial information and methods derived from Earth science results to serve decision support systems.

The desired outcome of the national applications is for the partner organization to use the project results, such as guidelines and prototypes and procedures, as benchmarks for operational use and enhance their management and decision-making capabilities with appropriate Earth science products and tools.  
The following Program Plan describes the activities for a systematic approach to evaluate, verify, benchmark, and extend the use of Earth Science knowledge, data, and technology to support our partners’ decision support tools and management responsibilities.

Water Management
The availability and quality of water is essential for life.  Although water is abundant on Earth it is not evenly distributed or often amenable for human use.  As population and anthropogenic practices increase, the demands on water availability and quality will be magnified.  Further, there are potentially dramatic changes from climate change to the water cycle and how we manage water.  The objective of the Water Management program is to extend NASA Earth science research results to the user community, primarily through federal agencies (of the United States) whose mandates cover “water”, in particular the use of fresh and near coastal water for commerce, human consumption, ecological balance, etc..  This Program Plan will emphasize Water Management and will leave to other programs in ESE Applications to address where water is also relevant.  For example, water is pervasive in our Earth system and also has direct relevance to other National Application areas in Disaster Management, Air Quality, Homeland Security, Invasive Species, Public Health, Coastal Management, Agriculture Efficiency and Community Growth.

NASA’s federal partners need these variables to assess water availability and quality, as well as the flux of water either into or out of a given region.  In some cases NASA data is already used, but in many cases, data is derived from other sources.  This is necessary for many applications because of the fine spatial scale that is required.  Many agencies work at much finer spatial resolutions, such as meters, than at which NASA data products are produced.  However, this is not to say that NASA data could not be useful.  NASA data may be of sufficient quality, relevance and/or accuracy so that lower spatial resolutions may provide useful information for decision support systems.  Also, NASA data resolution is improving and it is possible that the potential benefits of a current NASA data product may not be known.  Another current challenge is that the format of NASA data may make it unwieldy or seemingly incomprehensible, thus blocking its inception into use.  However, a strength of NASA is its integrative modeling and data assimilation capabilities that may be used in support of Water Management.  Further, NASA is developing state of the art data management, distributed data access, transport, translation, mining and conversion capabilities.
This program plan will discuss the direction NASA’s Earth Sciences Enterprise Water management program through 2008 to extend NASA information and data to federal partners to improve their management and decision support systems.  First, NASA resources will be briefly discussed, along with the necessary efforts to maintain or extend these efforts to better suit the Water Management program’s purpose.  Second, a discussion will focus on the initial federal partnerships that NASA has engaged.  Third, a discussion will briefly outline the interconnections within NASA ESE to further Agency and Enterprise goals.  Finally there will be a budget summary of those items discussed in these three areas.

For purposes of this plan, from this point on, “NASA’s water management program” will be used as an abbreviation for “NASA Earth Science Enterprise – Applications Division water management program.

A.) NASA Resources


There are many areas of NASA ESE research that deal with water.  There are numerous satellite data products that could be listed (see partial list in Appendix A).  The NASA Earth science enterprise, along with other enterprises within NASA, perform research and observation of many components of the earth system that pertain to water, as pertinent to the above definition.  Primarily these may be found in the Water and Energy Cycle, Weather, and Climate focus areas, as well as the other three focus areas of ESE.  NASA satellites such as TRMM, Aqua, Terra, EO-1, Landsat and GRACE have and continue to generate massive data sets of water-related quantities.  Through NASA’s ESE and Distributed Active Archive Center (DAACs), for example, processing of Aqua and Terra data provides extensive free or low cost data products primarily developed to study global change.  However, there are numerous NASA data products such as evapotranspiration, leaf area index and land cover and land cover change to 250 m grid cells updated monthly that are very useful to Water Management.   Initially land cover, precipitation, snow cover, evapotranspiration and soil moisture data could be employed by federal partners.  When combining these and other satellite data, such as shortwave radiation, relative humidity, surface wind vectors, in a model framework, many more data sets can be produced.  These data include such things as runoff, snow liquid water equivalent, snowmelt, groundwater recharge, and elements of the surface energy balance.

There are two problems that affect some, but not all, of the satellite data.  The first is that high resolution data from polar orbiting satellites are not continuous in time.  For example, the TRMM precipitation product does not give hourly estimates of precipitation for the entire day.  The second is that most of the products are of research quality and are produced in such a mode so that gaps in real time processing yields unacceptable data.  An example of this are that there are many challenges to interpreting the information contained in the Aqua soil wetness product due to vegetation and signal interference issues.  The MODIS snow cover product on areal extent is useable but it does not give the complete snow picture that is needed, i.e. the liquid water equivalent of the snow.  The snow water equivalent may be obtained from microwave satellite data (e.g., AMSR-E) but is in a research mode and not yet fully ready for operational use.  However, there are many NASA activities that combined various satellite data products with other data sets when integrated by a model produce potentially useful data sets.  Unfortunately, many of these projects and data sets are less visible to the non-NASA community than satellites.


The Land Data Assimilation System (LDAS), of the GSFC Hydrological Sciences Branch, is one such project.  In this system various data sets are used to drive a land surface model, which is a component of weather and climate models.  The LDAS land surface model produces information about soil moisture, runoff, evapotranspiration, the snowpack, and more.  Currently this information is produced at 1/8( resolution in a real time mode, this is roughly on the order of 10-14 kilometers.  There are efforts underway, under the Land Information System project to push this resolution higher, to 1 km [planned to be achieved in mid-FY2004].  More information about LDAS and LIS can be found at http://ldas.gsfc.nasa.gov and http://lis.gsfc.nasa.gov.

The NASA/GSFC Global Modeling and Assimilation Office (GMAO) primary mission is to produce research quality assimilation of global data sets for understanding the Earth system and climate change.  GMAO studies the many components – the atmosphere, the land surface, the biosphere, and the cryosphere – affecting Earth systems.  In addition, a key objective is to improve ENSO (El Nino/ Southern Oscillation) prediction and other major seasonal to interannual climate predictions using satellite and in situ data.  Recent work by the GMAO using LDAS data for model initialization has shown a significant increase in accuracy when predicting (3-months) regional precipitation and drought patterns.  The improved estimation of hurricane and extreme rainfall events, important for water management, is also studied through a combination of satellite data from TRMM and assimilation techniques.  All of these GMAO efforts will have significant applicability to Water Management issues.

[Need to insert other project descriptions…briefly….such as GMAO, SpoRT, etc.]

Water Management Team

{Is Marshall Flight Center part of the plan, I saw them on the POP RTOP call for Water Management???}


There are many people within NASA and working with NASA who will form the ad hoc team for water management.  Currently there are participants from HQs, Goddard, and Stennis.  A list of the principal participants is listed below.  Though the personnel may change over time the duties described below will need to be continuously satisfied.

Jared Entin, Program Manager,
NASA Headquarters

Suzanne Ebert



UMBC – GEST (GSFC)

Nathan Sovik



Stennis Space Flight Center

David Toll



Goddard Space Flight Center

Associate Scientists:

Kristi Arsenault


UMBC - GEST  (GSFC)

Paul Houser



Goddard Space Flight Center

Ana Pinheiro



NRC – GSFC

Roles and Responsibilities of the NASA Water Management Team

Jared Entin is responsible for program management, this includes working with NASA ESE to set the direction of the program, evaluate progress of the program, and setting new goals for the program.

Suzanne Ebert will act as the assistant program manager.  She will be in charge of keeping track of all the activities.  She will also work to coordinate existing and new partnerships with federal partners.  This will become increasingly important as water is becoming a critical international issue and NASA data should be quite useful to mitigate these problems.

Nathan Sovik is the lead for water management at Stennis Space Flight Center.  He will be in charge of overseeing tasks related to validating, verify, and benchmarking NASA data used in DDS.  

David Toll will be the lead for water management at Goddard Space Flight Center.  He will be in charge of overseeing any necessary data generation for the various tasks.  David will also oversee and chart the activities and progress of the Goddard team of scientists.

Stennis and Goddard staff will work closely together to evaluate, validate, verify, and benchmark NASA data in user DDSs.  These tasks will be subdivided with some activities occurring at Goddard and some at Stennis.  In addition where these activities occur or are performed may be at other institutions (including non-NASA), Stennis and Goddard personnel will both coordinate the activities.  It is crucial that these two center work together to achieve the goals of the water management program.

B.) Partnerships


There are three partnerships for which this program will initially provide support.  There is an MOU signed between NASA and the United States Department of Agriculture.  One of the five identified areas of partnership is in water management.  To be completely by early FY’04, there is an MOU between the Earth Science Enterprise and the Environmental Protection Agency’s Office of Water.  Also in FY’04, it is anticipated that an MOU will be signed between ESE and the Department of Interior.  For this program, its agencies, the Bureau of Reclamation and Geological Survey are most pertinent.  There are also two interagency groups, in which NASA participates that are important for program function.

1. US Department of Agriculture

From the NASA side, this partnership is being led by Edwin Sheffner.  There is also a working group comprised of members of both agencies working to define the mechanisms for collaboration.  The USDA has a DSS called SWAT – Soil Water Assessment Tool.  It will be here that the NASA Water Management Program will contribute data, technology, and expertise.  The NASA USDA MOU workshop prepared a “Water Management and Conservation Plan”.  The areas where NASA technology may assist USDA DSS were identified in four areas: 1) water availability and prediction tools (snow, soil moisture, evapotranspiration, groundwater and streamflow); 2) water quality assessment (nutrients including non-point source, sediments loss and water turbidity, biological productivity, aquatic vegetation mapping and water temperature); 3) water resources management impact assessments (land cover, stream geomorphology, wetlands, soils, and digital elevation mapping); and 4) floods, drought and crop assessment.  Clearly NASA technology has numerous areas to provide assistance.

SWAT – Soil and Water Assessment Tool (USDA)

Grassland, Soil & Water Research Laboratory

USDA-ARS

808 East Blackland Road

Temple, Texas 76502 USA

Phone 254-770-6500

Fax 254-770-6560

Jeff Arnold

Hydrolic Engineer / Model Development

Arnold@brc.tamus.edu
Ph 254-770-6502

Raghavan Srinivasan

GIS/Modeling/Application and Interfaces

Email:  srin@brc.tamus.edu

ph: 254-774-6102

2. Environmental Protection Agency

The Environmental Protection Agency’s (EPA) office of Water is another partner for NASA.  The EPA is responsible for protecting various bodies of water in the US.  A primary guideline for this is the American Clean Water Act.  One of the regulations put forward that the EPA must track is the Total Maximum Daily Load (TMDL).  In short, this figure determines the maximum amount of pollution that can be carried by water before it is deemed “polluted”.  This parameter depends upon the amount of water present.  It is within this area that NASA can lend aid.  By better and more accurate tracking of the water inputs and output NASA can help the EPA.  EPA created and manages the BASINS Decision Support System for this purpose.  Contact information is as follows:

BASINS – Better Assessment Science Integrating point and non-point Sources

Standards and Health Protection Division (4305T)

Office of Science and Technology

Office of Water

U.S. Environmental Protection Agency

1200 Pennsylvania Avenue, NQ, Washington, DC 20460

fax 202-566-0409

email: basins@epa.gov

Various members of the LDAS team are dealing directly with the EPA, discussing specific ways in which NASA data products can be routed directly into BASINS 3 to improve its performance.  In addition, EPA now looks at the entire watershed (e.g. land cover conversion, agriculture nutrient cycling, erosion processes, rangeland and forest management practices, etc.) to assess the quality of water.   Whereas before EPA emphasized point source pollution it now emphasizes more than half of their time on non-point source pollution.  Hence, NASA data on land cover and change, fires, water and energy fluxes are all potentially vital to EPA’s water resources efforts.  Already NASA has been collaborating with the EPA on water quality efforts.  In recent years, Dryden has flown a NASA aircraft and remote sensing instrument over one or two bodies of water in the US, each year, while working with the regional EPA office responsible for the body of water.  

3. Department of Interior

The US Bureau of Reclamation (USBR) is responsible for managing water supply and demand issues for many states in the US.  For many of these states water has become a critical resource, involved in many forms of commerce, agriculture energy production, as well as human life and environmental well-being.  

There are two critical areas in which NASA can aid USBR’s efforts.  The first is in the area of estimating evapotranspiration.  This involves the evaporation from may sources, open water (lakes, rivers) and vegetation.  NASA high resolution vegetation type combined with state of the art land surface models, using a variety of satellite products, can hopefully deliver an estimate of evapotranpiration that is based upon more technologically advanced methods than are currently employed by the Bureau.

A second area is snowpack size and melting rates.  A large portion of the Western US relies heavily on the water trapped in snowpacks for water resources.  Accurate estimation of this quantity is therefore critical.  In addition to knowing the water content of the snowpack it is important to maximize the information available about the rate of its melt.  When the snow will turn into water is almost as important as how much is there.  Knowledge of the land surface energy balance is important for this later piece.  Important for both is knowing the snow cover, a quantity that is retrieved from the MODIS sensors.  

USBR owns two candidate DSS that could benefit from partnership with NASA, RiverWare and AWARDS (Agricultural water Resources Decision Support System) and.  Identified points of contact include:

RiverWare

Donald K. Frevert, Mail Code D-8510

US Bureau of Reclamation

Techincal Serice Center

PO Box 25007

Lakewood, Colorado 80225-0007

Ph: 303-445-2473

Fax: 303-4456351

Email: dfrevert@do.usbr.gov
http://cadswes.colorado.edu/PDF/RiverWare/FrevertJIDE2003.pdf
Terrence Fulp

Operations Research Analyst

US Bureau of Reclamation, Lower Colorado Region,

Boulder Canyon Operations Office, 

C/o University of Colorado

Campus box 421

Boulder CO 80309

Ph: 303-492-8572

email: tfulp@colorado.edu
http://caswex.colrado.edu/PDF/RiverWare/PulpOrlando2001.pdf
Jayne Harkins

Manager of River Operations

US Bureau of Reclamation, Lower Colorado Region,

Boulder Canyon Operations Office, 

PO Box 61470

Boulder City, NV 89005

Ph: 702-293-8190

Email jharkins@lc.usbr.gov
AWARDS

L. Albert Brower 

Civil Engineer

U.S. Dept of the Interior

Bureau of reclamation

Technical Service Center

PO Box 25007, D-8550

Denver, CO 80225-0007

Ph 303-445-2507

Email: abrower@do.usbr.gov
Steffen P. Meyer

Hydraulic Engineer

U.S. Dept of the Interior

Bureau of Reclamation

Technical Service Center

Denver, CO 80225-0007
4. CENR’s SWAQ

In mid-FY’03 the Committee for Environment and Natural Resources formed the Subcommittee for Water Availability and Quality (SWAQ).  This committee is currently headed by a representative from EPA, Lee Mulkey, and the Bureau of Reclamation, Robert Hirsh.  The are also representatives from all of the federal agencies that deal with water availability and/or quality.  This committee is responsible for providing scientific assessment and guidance to the Administration.

5. WRRC (Water Resources Research Committee)

This is a less formal committee being led by a representative from the USGS and the BoR.  The purpose of this committee is to allow the agencies program managers to communicate the current and future plans of their agencies.  This committee provides a forum for discovery of new DSS that might be suitable for evaluation for use with NASA data.  As well this committee may highlight areas or projects, which might be aided by NASA resources, that are not specifically Decision support systems.

C.) Interconnections within NASA


The most important interconnection for this program is with the Research Division of ESE.  The Global Water and Energy Cycle theme has a current goal to achieve “useful predictions for water resources” by 2012.  In addition there are strong synergies with the weather and climate themes.  NASA has started a new team to deal integrate across these themes, as well as the others, to derive a state of the art system to study and prediction the water and energy cycle, currently called NEWS (NASA Energy- and Water-cycle Study).  It is critical for this team and the water management plan to always be moving and planning in phase.  To this end water management team members Jared Entin, David Toll, and Nathan Sovik, will be participating in NEWS team meetings.


A grant was initiated in FY’03 under the Research Education and Application selection cooperative agreement notice has goals that are aligned to the Water management program.  The principal investigators of this study are Jeff Dozier (UC Santa Barbara) and Roger Bales (UC ?).  The goals of the project include producing data sets of snow cover, depth, and liquid water equivalent.  The project will also work to provide this data to ____ and their decision support systems.  

D.) Program Objectives


These objectives are reflected in the general goals outlined in the roadmap, which is in the Appendix.

FY2004


Signed MOU with EPA and JPIP has produced a working plan


Signed MOU with Bureau of Reclamation (or DOI)


Evaluate, Validate, and Verify the use of NASA data with three DDS, specifically Awards, Riverware, and Basins


Evaluate use of NASA data with SWAT

FY2005


Benchmark NASA data use in Awards, Riverware, and Basins


Validate and Verify NASA data with SWAT


Evaluate use of NASA data with new DDS under development of USGS for online drought assessment (WATER 2025)


Initiate phase II product generation from high spatial resolution LIS system for applications (i.e. 1 km)


Evaluate NASA water quality products with possible DSS


Evaluate distributed hydrological models, sedimentary processes, nutrient cycling and landscape morphology models in DSS

FY2006

Benchmark NASA data in SWAT


Validate and Verify NASA data with Drought Assessment DSS


Re-Benchmark High resolution products in Awards, Riverware, and Basins


Validate and Verify water quality information with appropriate DSS


Validate and Verify distributed hydrological models, sedimentary processes, nutrient cycling and landscape morphology models in DSS


Evaluate Water Management integrative (hydro-eco-atmosphere) systems for DSS

FY2007

Benchmark NASA data with Drought Assessment DSS


Benchmark NASA Water Quality data in DSS


Benchmark NASA distributed hydrological models, sedimentary processes, nutrient cycling and landscape morphology models in DSS


Validate and verify Water Management integrative (hydro-eco-atmosphere) systems for DSS


Evaluate Predictive NASA Water Management tools for early warning (and forecast) and management tools in DSS

FY2008


Benchmark NASA data in integrative (hydro-eco-atmosphere) systems for DSS


Validate and Verify Predictive NASA Water Management tools for early warning (and forecast) and management tools in DSS

E.) Budget Summary

FY04/05/06/07/08 Budget and Resource Expectations

WATER MANAGEMENT FUNDING FY04-FY08

	
	
	
	Budget for Water Management in $K
	

	
	
	
	
	
	
	

	
	FY:
	2004
	2005
	2006
	2007
	2008

	
	
	
	
	
	
	

	HQ Support from GSFC
	75.0
	78.8
	82.7
	86.8
	91.2

	MOU Development Support
	50.0
	
	
	
	

	SSC Support
	
	50
	50
	50
	50
	50

	MSFC/Sportcenter Support
	25
	50
	50
	50
	50

	Interagency Team support
	
	50.0
	50.0
	50.0
	50.0

	Facilities investment for 1km
	
	
	
	

	 and higher resolution
	110.0
	10.0
	10.0
	110.0
	10.0

	
	
	
	
	
	
	

	Water BAA Sci. Lead
	200.0
	300.0
	300.0
	300.0
	300.0

	Water BAA projects
	275.0
	700.0
	700.0
	500.0
	

	ESE_YO NRA
	
	
	500.0
	500.0
	500.0
	

	BAA Water -2
	
	
	
	200.0
	450.0
	450.0

	BAA Water-4
	
	
	
	
	
	1000.0

	
	
	
	
	
	
	

	Total
	
	785.0
	1738.8
	1942.7
	2096.8
	2001.2

	Percent competed
	60.5
	86.3
	87.5
	83.5
	87.4
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