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EARTH SYSTEM SCIENCE AND APPLICATIONS
ADVISORY COMMITTEE (ESSAAC) XVI

July 16–17, 2003

Loew’s L’Enfant Plaza Hotel

Washington, D.C.

WEDNESDAY, JULY 16, 2003

Welcome, Introductions, and Opening Remarks

Mr. Gregory Williams, Executive Secretary, opened the sixteenth meeting of the ESSAAC and introduced the new chair, Dr. Larry Smarr. After asking the members present to introduce themselves, Dr. Smarr spoke of his long experience at the National Center for Supercomputing Applications (NCSA) in large-scale computing and scientific visualization in support of atmospheric and storm modeling.  NCSA was the source for the HDF data format which has become the standard for EOSDIS, as well as NCSA Mosaic, which was the basis for the modern web. Smarr was a member of the National Research Council’s Commission on Geosciences, Environment and Resources in the early 1990s.  He was a member of the 1990 NAS EOS Review Panel.  He has directed research for over a decade on software systems supporting scientific collaborative and is currently working with the University of California and the Scripps Institution of Oceanography on regional scale sensor network infrastructure (SensorNets) in the coastal zone environment. Dr. Smarr also noted his long experience working with the NASA Centers, particularly Goddard Space Flight Center (GSFC) and Ames Research Center (ARC), as well NCAR. His current membership on the NASA Advisory Council (NAC) provides him an opportunity to give the Earth Science Enterprise (ESE) more visibility with the NAC.  He noted that although NASA’s Earth Observing System Data and Information System (EOSDIS) is the world’s largest distributed information infrastructure principally supporting science, NASA is no longer the lone pioneer in this field and can learn from what is being done in other scientific disciplines.

ESE Overview

Dr. Ghassem Asrar, Associate Administrator of the Office of Earth Science thanked the continuing and new members of the ESSAAC for serving on the committee. The ESSAAC’s advice on information systems and technology will be important in continuing to expand and improve the ground segment of information infrastructure required by the large volumes of data to be delivered by Earth observing systems. His presentation, titled NASA’s Earth Science Enterprise: Context, Progress and Challenges, began with a quick overview of the entire ESE. He then discussed the draft ESE Strategy. 

Within the NASA vision and mission statements, Dr. Asrar pointed to the integral role of Earth science. For the first time, Earth science is being acknowledged as a NASA priority. The new NASA Strategic Plan for 2003 has seven mission-driven goals and three enabling goals. Programs that do not align with these goals are not priorities for the Agency. This approach was used in the fiscal year 2004 (FY04) budget planning and will continue to be used. Of the 18 Agency-wide themes in the Strategic Plan, two are in Earth science: Earth System Science (ESS) and Earth Science Applications (ESA). In addition to the forcing role played by NASA’s goals and themes, the Return to Flight (RTF) process after the loss of Columbia will be a major focus in the near term, affecting all of NASA. For the long term, a Space Architecture is being developed to implement the NASA mission. ESE has the lead for the elements of the Space Architecture related to  the “understand and protect our home planet” portion of the Agency’s Mission statement.  

An external Influence on ESE planning comes from the National Science and Technology Council (NSTC) and its planning processes. The Committee on Environment and Natural Resources of the NSTC oversees the Climate Change Science Program (CCSP) and Climate Change Technology Program (CCTP). The CCSP will soon release its strategic plan, which brings together the work of 13 federal agencies toward establishing and supporting the national priorities on environmental and natural resources. NASA is a major contributor to the CCSP, and the priorities in the CCSP strategic plan align with ESE priorities and science focus areas. With respect to the CCTP, The Department of Energy (DOE) is the lead agency. Ron Birk of the ESE Applications Division leads a CCTP task group on measurements and monitoring. A second major event occurring at the end of July is the Earth Observation Summit, which will be attended by representatives from 37 nations and representatives from the entire U.S. cabinet. For ESE, this Summit is a major achievement. After the Summit, there will be a one-year work period to develop a detailed implementation plan, on a decadal basis, for the contributions to be made by participating nations.

Next Dr. Asrar reviewed ESE plans and priorities. ESE has a leading role in understanding and protecting Earth. ESE’s supporting role in understanding the universe includes coordinating with the Sun-Earth Connection theme in the Office of Space Science to understand how Sun-Earth interactions affect the Earth system. This ESE supporting role also includes coordinating with other parts of NASA on technology to develop quantitative understanding of planetary atmospheres and surfaces as planetary systems. Education and outreach to inspire the next generation will continue to be an essential ESE role. Dr. Asrar highlighted areas for which ESE remote mapping and measurement programs provide leadership in Earth system science. The future direction in Earth system science includes understanding the Earth as a complex, dynamic system, which includes multiple feedbacks in the form of system responses to forces acting on the system. For example, the total climate forcing due directly to greenhouse gases and aerosols is estimated to provide 40 percent of the overall climate response, with feedback responses contributing the other 60 percent. Scientific understanding of the Earth system will provide the basis, ultimately, for a reliable predictive capability. 

The phrase “as only NASA can” in the NASA and ESE mission statements has been and will continue to be used as a filter for decisions on where NASA will invest in Earth system science. If other agencies/partners can accomplish a science mission, then NASA should not be doing that work. Within this general filter, the fundamental approach to NASA-specific science questions has changed to providing an “end-to-end approach” that includes modeling, analysis, and technology development to support NASA’s unique capability to study the Earth as a system. In areas that fall beyond NASA’s mandate and where other agencies have the science leadership role, NASA supports their programs with observations and products that only NASA can provide, using the vantage point of space for understanding Earth as a system. Dr. Asrar described how Earth science questions lead to sponsored research and measurement and monitoring systems whose outputs (e.g., models and information products and services) produce outcomes of value to users of Earth science information. These outcomes and their impacts on societal processes feed back into the formulation of the science questions that drive the next round of research and observing activities. To sustain and enhance this cycle, investments in each element must be balanced. The ESS theme includes seven science focus areas, for each of which a research roadmap has been developed. These focus area roadmaps will be used for portfolio management and to assess performance over time. 

Dr. Asrar described NASA’s current Earth Observing System (EOS) as a great tribute to the community at large. Its diversity of observing techniques and technologies provides unprecedented depth and breadth. The first phase or generation of EOS implementation is nearly complete. The next generation of ESE space missions will extend past capabilities and add new ones, such as synthetic aperture radar (SAR) and systems of small satellites to provide global data on the carbon cycle. Congress and the administration have  been willing to sustain the investment in the EOS in the FY04–05 budget process because of the proven successes of ESE programs. The future challenges include achieving continuity and calibration across satellite generations, while expanding opportunities for new observing capabilities. ESE is also committed to the ground segment that captures and processes data from the observing systems, so it can be disseminated and stored in useful form. Here again the challenge is balancing stability with innovation.

With respect to technology development, ESE is shifting from technology derived from space missions to missions enabled by technology. The focus of the ESA theme will be to ensure that the technology is available in advance of the missions that need it. The technology emphasis areas will continue to leverage the revolutions in remote sensing, communications, and computing to enable timely and affordable delivery of Earth science data and information to users. The high priority, key technology needs for Earth science that ESA will validate include large deployable antennas; optical communications and on-board data processing; laser and telescope technologies to enable observation of atmospheric chemistry, aerosols, and , winds; and distributed platforms as sensor webs. The integrated EOS of the future requires establishing standards and protocols necessary for information synthesis across platforms. The large challenge in technology development will be to balance the needs for the next EOS generation with preparation for long-term, over-the-horizon science opportunities. For application development, Dr. Asrar emphasized the importance of a systems approach to working with partners. A guiding principle will be to ask how NASA’s contributions can be tailored to be useful to end users. Applications partnerships have been categorized into 12 application areas, including aviation safety, climate change research and technology, energy forecasting, public health, homeland security, and disaster preparedness. Success in these areas will depend on providing the persuasive rationales for partners to adopt and adapt ESE technologies and capabilities for operational deployment. For the ESE education role, the challenge will be to align ESE’s existing strong education program with the emerging NASA education strategy. 

In his closing summary, Dr. Asrar said the presentation was intended to provide the context for the balance needed across ESE programs and the complexity required to achieve that balance. ESS is fulfilling long-standing commitments and preparing to move to the next level of Earth system science. The “as only NASA can” filter will be applied to focus investments in research and technology development areas of ESE and NASA strengths. The ESSAAC can help by facilitating community participation in implementation planning, identifying high leverage points for NASA on the continuum from science to applications, and focusing its work on the challenges Dr. Asrar noted. He also is open to ESSAAC’s suggestions on other ways in which the committee can help. 

During the question period, Dr. Asrar discussed the opportunities and constraints for ESE in integrating other federal Earth observing assets into the EOS, such as Department of Defense (DOD) and National Oceanic and Atmospheric Administration (NOAA) assets. Dr. Rodriguez asked for clarification on how NASA and ESE will coordinate and work with partners in pursuing the long-term vision of developing a high resolution knowledge system which essentially creates a “virtual Earth”. Dr. Asrar described NASA’s role as evolving from just collecting and archiving data to involvement in information synthesis and access for end users. Dr. Smarr said that the ESSAAC would return to the topic of interagency partnering in its deliberations at the next meeting. Several ESSAAC members asked whether the six focus areas for ESS will interact effectively or become stove-piped efforts. Planning for archiving a rapidly growing data stream from the EOS and the role of model development in guiding data systems evolution were other issue raised. Dr. Smarr acknowledged the challenges in maintaining operational capabilities while innovating new systems for the next generation of capability, as well as the complexity of managing program interactions among multiple agency partners at all levels. Nonetheless, NASA must move forward to maintain an Earth sciences data and distribution system which is at the leading edge of technological capability.  Given the interest in all these issues, ESSAAC decided to devote a good portion of the next meeting to discussing the future of data infrastructure and its interaction with modeling.

Climate Change Science Program Strategy Plan

Dr. James Mahoney, Assistant Secretary of Commerce for Oceans and Atmosphere and Director of the CCSP, briefed the ESSAAC on the CCSP, beginning with its guiding vision and mission statement. He spoke of the many ways in which NASA has been a leader in system integration and data management. He agreed on the importance of the next steps that the ESSAAC had just discussed with Dr. Asrar. Future decreases in the federal budget will fall on the non-statutory and non-security oriented areas of spending. Careful prioritization will be needed to do a better and more efficient job at both data collection and information systems that use the data. NASA will play a lead role in how the CCSP evolves. The CCSP Strategic Plan, which will be released the week of July 21, emphasizes two themes. First, global climate change is a capstone issue that will require major new technology, presenting both science challenges and issues for our social and economic systems. The second theme is to accelerate the application of basic climate research to evaluate options for a response strategy.  The CCSP mission is to facilitate the creation and application of knowledge of the Earth’s global environment through research, observations, decision support, and communication (education). Dr. Mahoney emphasized the importance of an analysis framework that combines objective scientific information with policy. 

An updated draft of the CCSP Strategic Plan was sent out for a series of reviews after November 2002, including a community workshop review in December 2002 and a  National Research Council (NRC) review issued in February 2003. The review comments have been taken into account in the final plan, to be released publicly next week. In addition to the main Strategic Plan document (330 pages), a briefer Vision Document will also be released. PDF versions of both documents will be available on the Internet at <www.climatescience.gov.>. In the near term, the CCSP will emphasize research on uncertainties with respect to (1) the atmospheric distributions and effects of aerosols; (2) climate feedbacks and sensitivity, focusing initially on polar feedbacks; and (3) carbon sources and sinks, focusing on North America. Other near-term efforts will focus on documenting historical records, improving the observation base for modeling, and improving data archiving and information system architectures. The CCSP goals described by Dr. Mahoney will culminate in deliverables due in the next 2 to 4 years.

In response to questions from the ESSAAC members, Dr. Mahoney said that the CCSP covers the continuing efforts under both the Climate Change Research Initiative and the U.S. Global Climate Research Program. Modeling will be an important part of CCSP, in regional and sectoral analyses as well as in global models. Cloud-climate interactions have the same emphasis in the final draft as in the November review draft. [Action Item] Dr. Smarr asked that the ESSAAC members receive copies of the full CCSP Strategic Plan and Vision Document, as well as the NRC review report. These will be discussed at the next meeting and form the context for analyzing NASA’s role in the multi-agency federal program.

Dr. Mahoney suggested that consideration be given to a joint meeting of the various federal agencies Climate Advisory Committees (Commerce, NOAA, DOE, NASA, NSF,and others) to help develop a more common approach.  This idea was discussed, but no firm recommendation was developed by ESSAAC.  This was particularly important for NASA given it’s essential contribution to nearly every aspect of the CCSP, an interagency program with oversight vested in leaders of member Agencies.

Earth Observation Summit

Dr. Gregory Withee is responsible for NOAA’s Geostationary Operational Environmental Satellite (GOES) system and Polar-orbiting Operational Environmental Satellite System (NPOESS). Dr. Asrar introduced him and commended his efforts in representing the U.S. science community in discussions with European and Asian nations on the next generation of environmental satellites. Dr. Withee noted the importance to NOAA’s mission of its partnership over the past decade with NASA on environmental satellites. He then turned to the main topic of his presentation, the Earth Observation Summit, which will be held in Washington on July 31, 2003. At this one-day meeting at the ministerial level, senior representatives from participating nations will deliver short statements of commitment to, or their nation’s interest in, a comprehensive, integrated, and sustained Earth observing system. Commitments to attend have been received from 29 nations, and more than 20 multinational organizations will attend. 

To achieve seamless acquisition and long-term storage of data, critical gaps in the existing infrastructure must be filled. The space-based systems are progressing well, but getting the requisite in situ systems is a tougher problem. Dr. Withee described other data integration issues as well, such as obtaining weather and climate data from the same sensor system. After the Summit, participating nations may be tasked to undertake a ten-year implementation plan to achieve the stated goals of the summit. The objective of the global Earth observing system will be to address a wide range of societal issues for which environmental factors are important. A list of these issues is in the framework paper for the Summit, which is on the summit’s website (<www.earthobservationsummit.gov>). The intent of the Summit’s planners is to have this meeting charge an ad hoc working group with drafting an implementation plan and conceptual framework. The U.S. representative to this working group will be the NOAA Administrator, Vice Admiral Conrad Lautenbacher. Dr. Asrar and Dr. Withee will co-chair an interagency coordination group. Dr. Withee asked the ESSAAC to follow the summit and its consequences, to ensure that the science directions are set properly. ESSAAC members commented on the need to improve the international tone of the summit website and to include discussions of the role of the commercial sector with respect to both satellites and in situ systems. 

Technology Subcommittee Report

Dr. Fawwaz Ulaby, Chair of the Technology Subcommittee (TSC) of the ESSAAC, reported on the subcommittee’s July 16, 2003, meeting. He reviewed the presentations on ESE technology programs that the TSC had heard, then presented the TSC’s observations and recommendations. The areas briefed to the TSC were the four programs under the Earth Science Technology Office (ESTO) and the New Millennium Program. Together, these programs are funded at about $108 million in FY04, with a dip to about $80 million in FY05-06, returning to about $110 million in FY07. In relation to NASA’s Technology Readiness Levels (TRLs), the Advanced Concepts program works at TRL 1 to 2. The other ESTO programs generally work with technologies at TRL 2 to 6. Technologies in the New Millennium Program are generally at TRL 4 to 7. A gap analysis of the science roadmaps is used to define the technology needs and approaches, which become the starting point for developing technology roadmaps. 

ESTO has a portfolio of 178 active projects, with the largest number at GSFC. With respect to maturing technology, 77 percent of completed projects advanced at least one TRL, and 79 percent advanced to TRL 3 or greater. Among the completed projects, 35 percent have had their technologies infused into science campaigns, 45 percent have planned or projected infusion opportunities. 

The TSC endorses the view that technology should be an enabler of science missions. It also endorses and supports the technology roadmapping process, with some suggestions for improvement. Additional interim milestones are needed in the roadmaps. The roadmaps need increased flexibility to ease the adoption of emerging technologies, allowing for setbacks and slower than anticipated technology development. The TSC believes the projected funding levels are inadequate and recommended increasing them by at least 10 percent per year for the next five years. The TSC also recommended that technology validation be conducted on NASA-controlled spacecraft and recommended several ways to improve the value of technology to ESE science goals and objectives. NASA Research Announcements (NRAs) for information technology (IT) should be placed on a 12 to 18 month cycle, rather than a three-year cycle, to be consistent with the rapid innovation cycles in the IT industry. To support the science theme of distributed satellite systems, spatial and temporal transformations of sensor observations will require special attention. The TSC also suggested adding two additional members to the subcommittee, to provide coverage in specific technology areas, and holding its Fall 2003 meeting at GSFC, to discuss active and passive optical sensors.

During the subsequent discussion, Dr. Asrar explained that the Computational Technologies program in ESTO is being phased out because a major component, the High Performance Computing System, was removed from the NASA budget. Discussions are continuing on whether to have a NASA-wide computational technology program serving several NASA enterprises or to have a program within ESTO focused on ESE needs. He emphasized NASA’s commitment to this technology area, despite the phase-out of the ESE Computing Technologies program.

ESISS Report

Dr. Jean-Bernard Minster reported on the July 9, 2003, meeting of the Earth Science Enterprise Information Systems and Services Subcommittee (ESISS), which he chairs. Many of the new members were not present for this meeting. Dr. Minster requested live demonstrations of systems and capabilities, rather than just briefing slides. The presentations and discussions covered EOSDIS, the Earth Science Information Partners (ESIPs) Federation, the Global Change Master Directory (GCMD), the Science Instrument Processing System (SIPS), and the Strategic Evolution of ESE Data Systems (SEEDS). Also covered at the meeting were the (Polar-orbiting Observational Environmental Satellite System) POESS, the National POESS (NPOESS) Preparatory Project (NPP), and some future systems concepts from the Advanced Information Systems Technologies (AIST) program. 

Dr. Minster presented the following general findings from the ESISS: 

(1) EOSDIS works, with good data flow to users, a large number of users, and Internet web access. 

(2) The EOS Clearing House (ECHO) emerging technology is promising. 

(3) The ESIPs Federation is a success, but also a finite-time endeavor. 

(4) The GCMD is a tool that is being used nationally and internationally.

 (5) Important results from the review of SIPS processing are that data are not being hoarded and the system provides capacity for data reprocessing. 

(6) SEEDS is still confusing to the ESISS and appears to be a work in progress. The subcommittee was unclear whether it is a framework or a system.  Dr. Minster stated that ESISS believes SEEDS should offer a framework for the future evolution of DISS, but would be inadequate if it were viewed as the mechanism for such evolution, let alone as a replacement system.

(7) POESS is ready to transition to the operational era of NPOESS. 

(8) The ESISS wants ongoing interaction and discussion about the Comprehensive Large Array-Data Stewardship System (CLASS). For example, it does not appear to be a truly distributed system. 

(9) For ESTO to serve as a gateway to future data and information systems, it can capitalize on grid technology. It needs to explore the use of new technology such as Internet Protocol version 6 (IPv6). 

ESISS will continue working with the TSC on these points.

The ESISS identified the following issues: 

(1) On data usability and data exploration, how is ESE addressing interoperability, integration, and interfacing with other data systems and services? Integration with other agencies’ data and information systems is still unclear. Timely delivery of data will become increasingly important for the user community. How do ESE data and information systems and services map into the six science focus areas in the ESE Strategic Plan? 

(2) ESE needs a better characterization of the user community for its data and information systems and services. Given the rapid growth in the number of users, there are issues in finding out about user needs and not second-guessing them. What are appropriate usage metrics for emerging ways of accessing the data? (3) For community involvement, how does the community at large (not just via ESISS) provide input? 

(4) The ESISS also raised specific questions about SEEDS and the GCMD. 

(5) In declaring success for EOSDIS, ESE should not lose sight of the need for a vision to guide the next stage of development.

With respect to the Earth Observation Summit, the ESISS emphasized that integration of global observing systems will require concomitant integration of participating nations’ data policies and data information systems and services. It will be essential to permit and facilitate user-transparent assembly of joint data  sets and large data sets, without discriminating solely on the basis of the source of data. 

Issues left for future ESISS meetings include maintaining the balance between falling behind technologically and incurring unacceptable risks in developing technology to support science missions. The ESISS requested greater visibility into the ESE information systems technology budgets. The ESISS discussions raised the issue of whether NASA should become involved in defining advanced data systems, and this issue will continue to be discussed at future meetings.

During the ESSAAC discussion of its subcommittees’ reports, Dr. Smarr asked the members to consider how to sustain the subcommittees’ impact on the system. For example, should their highest priority findings and issues be brought forward to the ESE Associate Administrator and the NAC, via the ESSAAC’s own communications of its advice? Should the subcommittee chairs draft action items for discussion/acceptance by the full committee? Also, how can the ESSAAC maintain productive coupling between the user community and NASA?  

Overview of Draft ESE Strategy: Review Process and Issues

Mr. Williams opened the discussion of the draft ESE Strategy by noting that a goal for this meeting was to work on the ESSAAC’s comments on the draft. He began with a review of the strategy development process and the issues raised in earlier comments from ESSAAC members. The 2003 NASA Strategic Plan was the source of the NASA vision, mission, goals, and objectives. The ESE Strategy must show how the “as only NASA can” filter will be applied in the ESE. It must also articulate a compelling vision for Earth science at NASA. The document should be inspirational but must also convey the content of ESE interests to stakeholders, NASA centers, the scientific community, federal agency partners, and international partners. Work on the document will be completed in August, to be ready for publication in September. 

The ESE research strategy published in 2000 was one guide for developing the ESE Strategy draft. Another was the NRC review of the draft CCSP Strategic Plan. An ESE technology plan exists but requires updating, and the education plan needs to be redone. A data and information management plan will be developed during the coming year. Mr. Williams then reviewed the general themes that emerged in the previous round of ESSAAC comments on the draft and how the revised draft responds to them. 

The ESSAAC discussed further changes needed to present ESE and NASA roles with respect to other federal agencies. The role of the National Science Foundation (NSF) and the nature of the partnership with NOAA need to be strengthened and clarified. The strategy should call out more clearly what NASA is doing that its partners depend on. Dr. Smarr suggested that adding a number of text boxes describing partners’ work with NASA and their contribution toward shared goals would provide a better balance. 

ESSAAC members asked how the “as only NASA can” filter will be applied. For example, when a partner could undertake an effort but does not provide the resources for it, would that activity pass the filter? Dr. Jose Rodriguez asked how the filter applied to the vision of an Earth system science model with predictive capabilities. References should be added to the roles other agencies would play in achieving this vision. Members asked if some areas have been removed from consideration because of the filter and whether a new initiative must show that it is something only NASA can do. Dr. Scott Denning described applications of advances in modeling capability for which a NASA partner has a limited application but not the mission scope to foster wider applications that NASA could foster. His illustration was improved data assimilation methods, which NOAA’s National Centers for Environmental Prediction (NCEP) uses for improved weather forecasting but could also be applied to assimilating Moderate Resolution Imaging Spectrometer (MODIS) data in models for tree or phytoplankton growth. 

Another question was whether the set of outcomes projected at the end of the ESE Strategy would actually result from the activities NASA has in place and planned or would require additional efforts. The members discussed ways to rephrase and clarify the relation of Earth system science to applications and technology. 

Dr. Joyce Penner and other members expressed concern about the apparent lack of connections and interfaces among the science focus areas. These interfaces can be particularly productive areas for innovative work that results in break-through science (transforming changes). A related concern was whether the science and technology roadmaps allow enough room for transforming changes that may occur. Perhaps the discussion of the roadmaps could illustrate how some possible transforming changes might lead to roadmap revision. 

The ESSAAC asked about the application of the NRC’s criteria for a science strategy (from the review of the CCSP strategic plan) to the ESE Strategy document. Should the NRC criteria, for example the requirement for assessment and performance metrics, be applied to this document or to the larger suite of ESE planning and implementation documents? 

With respect to data and information systems, members asked whether a strategy was needed for optimizing the efficiency of the evolving EOS, rather than just adding more and more data sets to the archives. How should the competing demands on information system resources be balanced? A related issue discussed was the role that models should play in identifying the critical paths for the additional observations (both additional data and new data types) to achieve the vision of an integrated representation of the Earth system. There should be a coupling between integrated modeling and decisions on the next generation of observing systems.

ESE Science Program

Dr. Jack Kaye, Director of the Research Division in the Office of Earth Science, discussed the ESE research strategy, its implementation via the science focus areas, and working with the science community. Using a chart showing an end-to-end process flow from Earth science questions to scientific outcomes and societal impacts, he said that the ESE Science Program emphasizes scientific discovery as its principal outcome and new understanding as the main societal impact. But assessments, decision support tools, and education tools are also significant scientific outcomes. The societal impacts they have on policy and management decisions or the formation of future scientists and engineers are important. All of these science outcomes and societal impacts are represented in the six goals of the science program. Dr. Kaye views the ordering of science priority criteria and implementation priority criteria presented in the 2000 Research Plan as still appropriate. He would like to hear from the community if it believes these priorities should be changed. The goal posed in the 2000 plan of understanding the Earth as a system with dynamic feedbacks proved fruitful and will be retained. The set of 23 questions for research to answer, as posed in the 2000 plan, has been revised, based on input from ESE program managers and ESSAAC members, to a new set of 24 questions. The update resulted in only a few differences, with rewording of some questions, merging of some, and addition of a few new ones. The revised set of questions, plus changes to the external context such as the CCSP in place of the U.S. Global Climate Research Program, will be used to update the Research Strategy document. The observational products needed and the tables of modeling products will be updated. 

In his review of modeling in the ESE, Dr. Kaye agreed with ESSAAC comments that the interplay within the Science Program between modeling and computing needs to be stated more clearly in the ESE Strategy document. The research strategy will be to enhance modeling in ways that capitalize on NASA’s capabilities in space-based Earth observation. New types of NASA data will be used for initialization and evaluation of NASA models. Assimilated new data sets will be created. Model resolution will be increased to approach or match the resolution of NASA observing systems. A single modeling environment and strategy will be created for weather and climate predictions. The return on investment in this strategy will come, to a significant extent, from improved predictions of weather, climate, and natural hazards.  

Several ESSAAC members asked questions about the relation of the modeling strategy to what others are doing. In response, Dr. Asrar described the role of the Ames Research Center as the locus of NASA’s expertise in computational technology. The application of the “as only NASA can” filter to the scope of ESE modeling efforts was discussed. Another topic raised was the use of improved process representations to improve global models. Dr. Denning emphasized the interplay of modeling and observations, in which a model can serve as a concise statement of a hypothesis to guide observation, while observations serve to validate and improve the hypothesis (the model). Various aspects of constituent/process modeling in Earth science are amenable to the same kind of model-data-computing interactions and iterative improvements that have occurred over time in weather modeling. Dr. Smarr and Dr. Asrar discussed the appropriate roles for NASA in providing computing capability and the tools for modeling. They also discussed the best approach for conducting a useful dialogue with partners on which agency will provide which capabilities and resources. This topic led back to a general discussion of how to interpret the “as only NASA can” filter with respect to future capabilities and the need for NASA leadership in developing new application areas for new types of data.  Two additional points emerged from the discussion: 1) the importance of using modeling and data to define what next observations would most help answer science questions and reduce uncertainties (“the science of observing systems”); and 2) the importance of choosing computational modeling architectures based on science needs.  ESSAAC wants to hear from ESE on its plans for computational technologies (including storage and transfer) in both the ESE and NASA–wide context.

Dr. Kaye continued his presentation by describing how ESE will “manage to the science focus areas” as an end-to-end management approach. A balance will be needed between open competition for new activities, which rewards innovation and improvements, and stability in providing data products and information services on which users depend. Each focus area will be responsible for developing and maintaining a roadmap and an implementation plan. The roadmaps have proven to be valuable because they demonstrate connections between current actions and expected outcomes. They also show how different elements of ESE research are integrated into a coherent whole, with near-term results from intermediate milestones, and where NASA is relying on inputs and activities of its partners. Dr. Kaye reviewed the organizing principles used in developing and maintaining the focus area roadmaps, as well as lessons learned from the roadmapping process. Important lessons are that implementation plans based on the roadmap are needed and the science community should be involved in developing the implementation plan. Dr. Kaye described how the ESE science focus areas align with the research elements of the CCSP. The ESE focus areas go beyond the climate change science mandate to cover other aspects of Earth science, such as weather and the Earth’s surface and interior. 

Dr. Kaye concluded with a summary of the relationships sustained between ESE and the Earth science research community via multiple mechanisms for interaction and participation in ESE research solicitations. There is a trend to fewer, larger, and more integrated research solicitations. The success rate for proposals is about 30 percent. Other mechanisms for community involvement include workshops oriented on a specific focus area or its roadmap and implementation plan. ESE will need a replacement for interactions previously provided by the EOS Interagency Working Group in sharing information with the Earth science research community on NASA programs, projects, and plans.

In response to a question from ESSAAC, Dr. Kaye said that the ESE Research Strategy document will be updated within a few months after the ESE Strategy is finalized. Members approved of the idea for workshops oriented to the focus areas. They acknowledged the record of committed participation by ESE research managers in interagency planning efforts. Covering research areas that involve interactions across focus areas was raised as an issue, and Dr. Kaye agreed that managers will need to pay attention to such opportunities. Data management will be mentioned in the Research Strategy, particularly with respect to the ways in which it is critical to the success of the ESS theme.  One area that will receive attention is the maintenance requirements for climate data records, including validation and calibration. Another area of attention will be the interplay among modeling, observations, and computing.  

THURSDAY, JULY 17, 2003

Observations, Information Systems, and Technology

Mr. Michael Luther, Deputy Associate Administrator for Programs, gave a briefing on information systems and technology. The topics covered were the space segment programs, ground-based satellite communications, EOS information systems (EOSDIS and SEEDS), and technology development and infusion (ESTO). the space segment is completing deployment of the first series of EOS satellites, with EOS Aura scheduled to launch in January 2004. Mature measurement systems, with their NASA-developed technologies, are being transferred from research to operational systems in user agencies through programs such as NPP and Jason. Demonstration flights are planned for the next generation of technologies, including active sensors. This next generation of satellites will use new vantage points for observation and test formation flying of observing satellites. There has been almost a geometric progression in the number of research satellites in orbit since 1991, with a doubling time of about 4 years to the present total of 18 in orbit. Mr. Luther reviewed the missions in formulation and development, including the schedules for GOES, POESS, NPOESS, and the Defense Meteorological Satellites Program (DMSP). A technical and management challenge for the space segment is expanding climate observations from mission data sets to a continuous and calibrated climate data record. A second challenge is expanding the spectrum of mission classes, and Mr. Luther asked the ESSAAC to consider which mission classes should be added. At present there are missions led by principal investigators, which focus on scientific investigations, and solicitation of instruments for program missions such as EOS. Should there be a third category of mission approaches. The third challenge is to expand domestic and international relationships. A fourth challenge is balancing data continuity from an extended mission against the value added of deploying new missions and the re-entry risks from a spacecraft whose operational life has been extended beyond design.

With respect to the ground segment, EOSDIS is ingesting, processing, and archiving 3 terabytes of data per day, while servicing more than 2 million users. The metric on EOSDIS users led to a discussion among ESSAAC members and Dr. Asrar on what statistics and information about the user community should be developed and used, as the range of user types evolve, particularly as methods for automated high-volume data extraction become more common. Dr. Smarr said there will be presentations at the next ESSAAC meeting from other disciplines that use shared data archives, with the objective of learning how they are handling user community issues.   ESSAAC supports curiosity-driven data mining of EOSDIS usage statistics in support of decisions on system improvement.  ESSAAC asked that EOSDIS usage and users statistics be reported on at the next and subsequent meetings [Action Item].  Members noted that OMB recently approved a questionnaire for evaluation of NOAA Data Centers.

The objective of SEEDS is to move from the current EOSDIS to a heterogeneous, multinode information system. Dr. Asrar asked for the ESSAAC’s views on the trades between a heterogeneous system and a homogeneous one. Dr. Smarr described the transition as moving from a centralized client–server model to a grid approach. A broad federation of academic, government, and industrial users and providers are moving to this approach, so there is no need for NASA to perform the prototyping. Rather than rushing into it, NASA can opt for a multiyear transition, learning from others. Metadata should be used to solve issues of data provenance and data quality in a grid system. One question is whether ESTO is receiving enough resources in this area to undertake an adequate set of trials for a transition to a grid system. Dr. Asrar asked that the ESSAAC look at the ESE tecnology strategy and plan for the transition and advise whether  the approach is adequate. Dr. Minster added that, based on the briefings to the TSC, ESTO’s selection approach is excellent. Dr. Smarr said that ESTO represents ESE’s commitment to a continuous improvement strategy, and the ESSAAC will need to investigate that strategy in detail. In response to an ESSAAC question, Dr. Luther said that drafting the Data Management Strategy document will be a major focus for the coming year. ESSAAC requested a briefing at its next meeting on ESE’s plan for evolution of information systems, including both strategy and implementation approach, and describing the roles of SEEDS and ESTO.  [Action Item] Dr. Yoder asked about the cost of data archiving, and Dr. Luther said he would provide the ESSAAC with background information on data archiving costs.

Mr. Luther described ESTO’s approach to developing new technology separately from operational activities. Competitive solicitations are used to capture the best ideas. The priorities are new instruments and subsystems that enable new sensing capabilities. ESTO aims to pick up new technology that is at TRL 3 and carry it through TRL 4 to 6. The overall vision behind the priority technology challenges is to implement the sensor web concept. The ESSAAC discussed with Dr. Asrar the sensor web concept and better ways to illustrate for nonspecialist audiences the advances in capability it would enable. Dr. Smarr noted the complementarity in concept between the EOS sensor web and the Department of Defense concept of an information infrastructure to support net-centric warfare. The ESSAAC agreed that a concept was needed that had the appeal for general audiences of “Mission to Planet Earth.” The committee will work at providing some suggestions. 

ESE Applications and Education 

Mr. Ronald Birk, Director of the Applications Division in the Office of Earth Science, described Earth science applications and education. The ESA mission is to accelerate the realization of economic and societal benefits from Earth science, information, and technology. To do this, ESA programs aim for integrated system solutions, in which observing and predictive capabilities produce results (observations and predictions) that feed into decision support tools, assessments, and decision support systems as outcomes. These outcomes in turn have impacts on policy decisions and management decisions. In these integrated solutions, the outcomes are typically produced by NASA’s partners (e.g., NOAA, the U.S. Department of Agriculture, or the Environmental Protection Agency). ESA has focused on twelve applications of national priority: carbon management, water management, agricultural efficiency, public health, homeland security, invasive species, energy forecasting, coastal management, community growth, aviation safety, disaster management, and air quality. Mr. Birk provided examples of ESA projects in many of these priority applications.

A primary challenge for these ESA efforts is connecting with the institutional infrastructure of partners. Successes have occurred with Geospatial One Stop and the Federal Enterprise Architecture. A second challenge is the transition from research and demonstration to operational use. A third is focusing on integrated solutions that can serve as benchmarks for assimilation of NASA results as inputs to specific decision support tools or systems, which in turn can support policy and management decisions. 

ESSAAC members commented on ways that important aspects of the ESA approach, such as the hand-off to agency partners as part of an integrated solution, could be highlighted in the ESE Strategy. Dr. Barron suggested that the research needed to move from observable or predictive factors to outcomes (decision support tools and systems, assessments) was missing from the description and might not be covered systematically in NASA’s programs or those of its partners. Members asked about the process by which demonstration/exploration capabilities and technologies are transitioned to operations in partner agencies. How does ESE seek out partners and appropriate decision support tools for potential applications of its observations and predictions? How is the extent of NASA’s role in application development defined, relative to the role of the partner agency?  In response to a question about NSF’s role in ESE integrated system solutions, Mr. Birk said that NSF is typically neither an application developer nor an operational agency. Efforts are being made to connect with the National Geospatial Intelligence Agency (formerly the National Intelligence Mapping Agency) as a partner for integrated solutions.   ESSAAC asked ESE to provide information on the results of the REASoN CAN selections.

On Earth science education, there is a tight coupling between ESE goals and NASA-wide goals. Effective coordination with the new Office of Education (Code N) has been established. A challenge is working on a systematic and scalable approach to disseminating education products to schools. The CyberEducation structure developed by NSF and the Department of Education is being considered as one model. Dr. Michael Goodchild recommended that the connection with schools should not be viewed as a one-way pipe into which NASA pours education products. Instead, the needs at the far end (the teacher) should drive the flow of products. To get effective teacher buy-in, a peer-to-peer model will work better than a flow-down model. 

Summary and Discussion

Mr. Williams described the process by which the ESSAAC has developed and provided its advice in the past. The chair leads the committee in drafting a written letter to the Associate Administrator for Earth Science. The Committee’s recommendations are also passed to the NAC. The ESSAAC then reviewed and revised the draft set of major points and actions that Mr. Williams had captured during the course of this meeting.

Committee Deliberations

The ESSAAC’s deliberations in preparation for an advisory letter to the ESE Associate Administrator covered the following topics and issues.

The committee discussed ways of providing better balance in the draft ESE Strategy between NASA’s roles and the roles of partner agencies. The Integrated System Solutions graphic used by Mr. Birk in his presentation was suggested as a succinct way to represent the roles of NASA and its partners. Another suggestions was to develop the partnering relationships that exist for each science focus area. The aspect of “as only NASA can” could be incorporated by stating explicitly where NASA capabilities and involvement are essential to success of a mission led by a partner. 

On the science focus areas, the ESSAAC discussed how to express the importance of, and mechanisms for, potential research integration across focus areas, as well as using the roadmaps to represent linkages within a focus area. Explicit mention should be added of options for flexibility and roadmap revision, as management responses to adapt to innovative discoveries. The focus areas should not become isolated efforts (stovepipes). The members remain concerned about the focus area management approach and plan to study it further in subsequent meetings.

The Committee’s concerns with the application of the “as only NASA can” filter will be developed as a separate point in the advisory letter. One suggestion was that the relevant constructive part of a mission statement should be stated along with the filter phrase, as in “understand and protect our home planet as only NASA can.” 

The members discussed areas of potential collaboration between ESE and the NSF geosciences division. A joint meeting of the ESSAAC with the NSF geosciences advisory committee was discussed For example, the need to connect new geoscience with the science of decision support frameworks was raised at a recent NSF geosciences advisory committee meeting. This issue is also relevant to the ESE. Another area for collaboration is the interagency carbon cycle effort. Dr. Kaye suggested a briefing to the ESSAAC on details of the interagency structure and how ESE participates in it. A major item for the advisory letter will be on interagency coordination generally, including ESE-NSF collaboration. 

The topic of integration and interplay among observing systems, modeling, and information systems was discussed. Models can be used as hypotheses to guide the additional observations needed from the EOS. For example, what kinds of observations would help most in answering questions or reducing uncertainties. Both hardware and human resources are needed to sustain progress in Earth system modeling.

The ESSAAC was impressed with the ESTO process for continuous improvements of the EOS by formulating technology requirements to drive the solicitation/selection process. ESE should be acknowledged for its success in managing technology insertion, with ESTO as a major factor in that success. The committee was impressed with steps taken toward the sensor web concept, but work is needed on how to convey the new capabilities of this approach to key audiences. 

The process by which NASA decides what is needed to maintain and evolve the EOS was discussed, as was evolution of EOSDIS. Concerns were expressed about the end of funding for the Computing Technology program and whether an Agency-wide computing technology program will accomplish what ESE needs. Another topic was the use of statistics on EOSDIS users to aid in planning and design of future enhancements or future data systems.

The pathways for workflow, reporting, and communication among the NAC, ESSAAC, the ESSAAC subcommittees, and NASA managers were discussed. The focus for future ESSAAC meetings will be the ESE information infrastructure. The next ESSAAC meeting will be in February 2004. Meeting XVI of the ESSAAC was adjourned at 2 p.m.
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