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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.  

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

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.

II.
Water Management Applications Program Operating Plan for FY 2003

a.
Program Management

Jared K. Entin, PhD

Program Manager for Water Management

NASA Headquarters

b.
Primary Program Elements

Goddard Space Flight Center

Land Data Assimilation System (LDAS)

NASA’s Seasonal to Interannual Prediction Project (NSIPP)

Stennis Space Center


Program Team

c.
Program Overview

     The purpose of this operating plan is to chart near-term directions for the Water Management Applications Program.  In this plan, Fiscal Year 2003 is best characterized as a Program-developing year.  Emphasis will be placed on ensuring the alignment of existing investments with the ESE Applications Strategy for 2002-2012, identifying and defining requirements for additional water related (supply, demand, quality) decision support systems, and building program capacity in certain critical areas to support current and future partnerships.  Specifically, the critical areas include: 1) outreach toward the Federal, state and local (e.g. county) water management community, 2) inter-disciplinary training for key individuals in those partner agencies, and 3) Understanding of the key issues involved in the regulations, to which other agencies (primarily Federal and State) must adhere.  

     The overall direction of the program for FY03 is to enhance NASA's ability to identify partnership opportunities with the water management community and to sustain those partnerships throughout the applications process.  As the goals for FY03 are met, the Program will be better able to perform the scientific and technical advisory functions needed to co-invest with its partners in water management decision support system enhancement and operations.  Cross-disciplinary competency will enable NASA and its partners to make better use of available academic, commercial, and non-profit resources.  This will facilitate a more diverse investment strategy that includes competitive announcements of opportunity, cooperative agreements, and other approaches to Program implementation.  

     The purpose of the near-term plan is not to build Program infrastructure, per se.  Rather, it is to equip NASA and its potential partners with the tools needed to manage their joint efforts more effectively.  Given a successful transition year during FY03, the anticipated operating plan for FY04 will describe: 1) an inventory of current and targeted water management decision support system investments and the partnerships supporting them, 2) technology roadmaps for the intended improvements to those systems, and 3) recommendations for the appropriate procurement mechanisms needed to implement the road-mapped activities.  As a result, the Program will become fully aligned with the Applications Strategy, and it will be better positioned to utilize all of its internal and external assets in the most cost-efficient and appropriate manner. 

d.
Goals and Objectives

Goal #1:  Establish Links with Bureau of Reclamation. 

Rationale  

The bureau of reclamation 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.  To address these issues the Bureau of Reclamation has much research on going to improve their real-time efforts, which satisfy their various government mandates.  It is estimated that the states under the influence of the Bureau, who struggle with water resources, generate at least 300 billion dollars of commerce.  Obviously, making even one tenth of a percent improvement to the way in which water is used could have rather large monetary implications, in addition to the possible enhancements in the quality of human life and the environment.

This department design makes for a good partner for NASA.  We are able to exchange data and technology, as well as ideas, in a research environment and test these in systems that are equivalent to the real time applications.  Already the Bureau of Reclamation has identified, with help from NASA scientists, ways in which NASA can lend aid.  

DATA & TECHNOLOGY TRANSFER

There are two critical areas in which NASA can aid the Bureau of reclamation’s efforts.

The first is in the area of estimating evapotranspiration.  This involves the evaporation from many source, open water (lakes, rivers) and vegetation.  NASA high resolution vegetation type combined with state of the art land surface models, using a various satellite products, can hopefully deliver an estimate of evapotranspiration that is based upon more technologically advances method than are currently employed by the bureau.  (Of course one should be careful about assuming that a more advanced technology basis . instantly equates to a more accurate output (in this case evapotranspiration estimates).

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 size of the snowpack it is important to know 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 retrievable from space.  

Already there has been a research project that addressed this issue.  It was fund through NASA Grant ?? under the NRA XX (directed by Martha Maiden).  This grant funded work done by James Simpson at UCSD.  This project showed much success when analyzing the winter of 1997 in retrospect.  A follow on to this project may be funded through the Reason can.

Objective #1 

Primary Effort: 

A current resource to use in this area is the LDAS project being run at NASA GSFC by Dr. Paul Houser.  A grant funded under the SENH NRA (2002) lead by Kristi Arsenault and Dr. Houser seeks to leverage the LDAS project to aid the Bureau of reclamation, and their DSS.  A brief abstract of their project is contained in the appendix ??

Proposed Budget
________________________________________________________________________

Goal #2:  Establish Links with Environmental Protection Agency. 

Rationale

The Environmental Protection Agency is another logical 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 outputs NASA can help the EPA.  The Decision Support System used by the EPA for this purpose, that NASA is hoping to augment is Basins.  

The EPA is also investigating other ways in which NASA may be able to aid them.  A meeting will occur on Dec. 16, 2002 at which these areas will be discussed.  Once conclusions can be reach this document will be changed to reflect these new avenues.

Initial Effort

Various members of the LDAS team (Dr. Houser, Ms. Arsenault, and David Toll) will be dealing directly with an EPA team to discuss specific ways in which NASA data products can be routed directly into Basins 3 to improve its performance.

Objective #1

Resources:
Already NASA has been collaborating with the EPA on water quality efforts.  These activities have been lead by Tom Mace at NASA Dryden.  In recent years, Dryden has flown a NASA aircraft and remote sensing instrument over one or two bodies of water in the US, while working the regional EPA office responsible for the body of water.  

This effort will aid NASA’s science and technology development by supplying the necessary parameters and specifications that EPA needs to measure water quality remotely.  (Note that this is not easily done!)  It is difficult to imagine taking the necessary water quality measurements from a space borne platform because of the spatial resolution required.  However, NASA’s recent extension into the use of Uninhabited Aircraft Vehicles (UAVs), makes longer term measurements of this quantity a possibility.  Much work will be required by NASA science and technology departments but this work can be better directed if links with the EPA have been forged to give the development teams the necessary specification for which to aim.

_______________________________________________________________________

Goal #3:  Further outreach facilitated with links with NOAA-OGP GAPP* (GEWEX Americas Prediction Project, where GEWEX=Global Energy and Water Experiment). 

Background on GAPP


The Global Water and Energy Experiment (GEWEX) is an international effort to enhance scientific understanding, especially about the water cycle.  The GEWEX Americas Prediction Project (GAPP) is a regional manifestation of the various projects of GEWEX.  More information about GAPP can be found at http://gapp.ogp.noaa.gov.  GAPP is currently funded primarily by NOAA’s office of global program (OGP).  NASA is a secondary sponsor of GAPP.  The split between the two agencies varies year to year but is approximately 70% NOAA and 30% NASA.

Rationale


Water resources issues pose even larger problems and difficulties outside the United States than within the US.  For this reason, water resources are an important issue for GEWEX as well as being a chosen topic of focus for GAPP.

Objective #1


The main object of GAPP on water resources is to create a bridge between the scientific community that studies the water cycle and the managers and policy makers that deal with water resources issues.  Obviously this goal of GAPP is in accord with the water management application’s goal and given that NASA help to fund GAPP it is important that possibilities potentially opened through GAPP for NASA should not be ignored.

Primary Effort

NASA continues to help support GAPP as well as participate in project selection.  One such selection is to explore research through the Bureau of reclamation to use various forms of science data products to enhance water resource managers and their ability to use & understand possible contribution from science research.  

Proposed Budget


To properly explore this avenue, of using science data products, including NASA products augmented by community scientists is rather minimal.  

200K for two or three possible projects (FY 04-FY-06 as they are usually 3 year projects)

and perhaps 20K to hold working group meetings to present results to help convince a wider audience of water resource managers and science research that such collaborations can be fruitful for both parties as well as meaning full to society in general.

________________________________________________________________________

Goal #4:  Create a link with other Federal Agencies, including the Army Corps of Engineers.

In the coming year (FY 2003) the water management team will attempt to establish a link with the Army corps of Engineers.  The ACE has a mandate to help manage water part of the United States (the part not maintained by the Department of interior).  In some of these regions water issues are growing more critical.  It is important that NASA begin discussions with the ACE to discuss possible mechanism for aid.  It is assumed that methods of aid will be similar to (but not limited to) the mechanisms and objectives list in goals one and two.

Objective #1

Objective #2

Primary Effort

Proposed Budget
It is possible that a nominal budget will be needed in FY ’04 despite no current link exists..  It is anticipated that if a link were established then a similar budget to goal #2 would be requested.  (Thusly 200-250K for FY’05 and forward).

Education and Outreach:

Primary mechanisms for education and outreach will come through the science research end.  However, these can be augmented to include methods of how NASA will support other federal agencies to reach their goals.  

Another mechanism is to link into the education and outreach efforts of the other federal agencies.  

The American Foundation for Clean Water recently held a youth summit to commemorate the 20th anniversary of the clean water act.  Four students from each state visited Washington D.C. and were lead around to a variety of activities led by various US agencies (e.g. NOAA, USGS, EPA).  The Foundation had requested an astronaut to speak to the students.  Luckily, the astronaut who gave the presentation (of what it was like in space.) took the opportunity to inform the students that NASA did more than put people into space, that NASA also does water cycle science research.  A similar talk was given by Mary Cleave at the Foundation’s event, held in Washington DC for an audience of government officials and private industry members who do clean water related activities.  In both cases, the audience was educated about NASA activities that they had no idea occurred.  Through events such as these NASA should do more than communicate its activities.  The projects initiated under the above goals should be communicated as well.

Crosslinks

It is important to recognize that there are connections between water management activities and those in some of the other 11 national applications.  These are briefly mentioned here, in part to point out that resources listed under other activities may be used for “water resources”.

Agricultural competitiveness:

The use of water for irrigation connects these two projects.  Working with the USDA, NASA will be helping to supply data products to aid in the more efficient use of water for agricultural purposes.  This could potentially lead to additional water resources being made available for non-agricultural purposes.  

There is a 5 million dollar earmark grant to the U. of SM for agricultural competitiveness.  Some portion of this grant may be targeted to work on water efficiency issues.

Energy Forecasting.

The amount of water trapped in the snowpack is important for electrical power generation.  It is estimated that every acre foot of water is worth approximately ten thousand dollars.  It is imperative that this resource be properly measured, and this can be better achieved through the use of NASA data products.  

Disaster preparedness.  

Floods and droughts are two of the larger disasters that can strike the United States.  These are obviously both tied heavily to water resources.  Better estimates of streamflow (part of goal #1) could be linked to better management decisions that could prevent some flooding problems or alleviate the severity of droughts.  As well, work done to better estimate potential water consumption by vegetation could help in drought mitigation.

As the Coastal Management program takes share, there will no doubt be many links

Future Resources to Tap

As the water management program learns better to understand what day to day type data products can improve efforts by other federal agencies a rappor will be formed.  This will help NASA better anticipate the needs and concerns these agencies may have in the future.  To that end the water management program will attempt to extend the efforts of NASA’s Seasonal to Interannual Prediction Project (NSIPP) to make available longer term projects.  These projections may either be used by current DSS or used in DSS, specifically augmented to incorporate them.  This is not an easy task as climate projects come with a list of caveats and many forms of variability and uncertainty.  However, through current collaborations, future work between NASA and various federal agencies should be able to engineer an optimal framework to exploit the benefits while accounting for the reliability of the predictions.

Use of NSIPP products would probably require a 80-100K budget a year.  To alter the NSIPP system to produce the data products required by or perhaps more suited for our partner agencies would require additional funding of around 100K.

The Use of NASA Land Data Assimilated Products to Improve Flood and Drought Risk Analysis and Forecasting for Water Resources Management in the Columbia River Basin

NRA-01-OES-05: Solid Earth and Natural Hazards Research and Applications

Kristi R. Arsenault

Goddard Earth Sciences and Technology Center, University of Maryland Baltimore County, Greenbelt, MD 20771

Paul R. Houser

NASA’s Goddard Space Flight Center (GSFC), Hydrologic Sciences Branch; Greenbelt, MD 20771

Dave Matthews, Curt Hartzell, Steffen Meyer 

U.S. Bureau of Reclamation, River Systems and Meteorology Group, DFC Box 25007, Denver, CO 80225

Warren Sharp

U.S. Bureau of Reclamation, Upper Columbia Area Office, 1917 Marsh Road, Yakima, WA 98901

Abstract


There is an urgent need for the U.S. Bureau of Reclamation (Reclamation) to help mitigate extreme flood and drought impacts on the Columbia River System and other river systems in the contiguous 17 western states.  The proposed research, which addresses this need, is a joint effort between scientists at NASA Goddard Space Flight Center (GSFC) and Reclamation.  The objective of the proposed research application project is to develop and demonstrate the value added by information from satellite, radar, the Land Surface Data Assimilation System (LDAS) and related products toward the improvement of flood and drought risk analyses and forecasts.  These products will initially be tested by water resource managers in the Yakima River Basin.  Results from the LDAS Land Surface Models (LSM) and hydrologic runoff models will be integrated into the river basin decision support systems that the Reclamation’s managers routinely use to manage the complex operation of the river system.  This proposal plans to answer certain scientific questions relating to NASA’s satellite and technology programs and to apply these to benefit the broader user community and society.  The proposed applications work focuses on the “leave behind” concept where an improved hydrologic operation and forecasting system will be developed through major collaborative efforts between NASA and Reclamation.  The improved system will be implemented into water resource management operations and flood and drought forecasting after successful demonstration of this project.  Through these efforts, the investigators will focus their applications research on the resource management and disaster management themes addressed in the NRA.  The main goal is to test and use near real-time operational and forecasted LDAS output as additional products to Reclamation’s water resource management and operations to improve flood and drought risk analysis.  
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