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I. Introduction

In 2000 the National Science Foundation’s Geosciences Directorate (GEO) published a report entitled NSF Geosciences Beyond 2000 – Understanding and Predicting Earth’s Environment and Habitability.  This report, which has become known as GEO2000, was developed by the Advisory Committee of the Geosciences Directorate (AC/GEO) in collaboration with the staff of the Geosciences Directorate.  GEO2000 develops a vision and strategy to advance and integrate scientific knowledge across the broad range of the geosciences through supporting high quality research, improving geoscience education, and investing in critical infrastructure needs.  Over the past four years GEO has used this document as a framework within which to evaluate present programs and to determine if new programs are necessary to meet the high priority goals of GEO2000.  It has also helped shape GEO’s participation in NSF-wide priority areas such as Biocomplexity in the Environment.

In August, 2003, the AC/GEO undertook a review of the GEO2000 strategic plan in order to assess the progress the Geosciences Directorate has made in achieving the goals identified in GEO2000 and to determine if it still provides a useful framework within which to evaluate future programmatic needs.  To accomplish this review a Subcommittee of the AC/GEO was formed and met on August 14 and 15, 2003 at NSF (see Appendix A for Subcommittee membership and Appendix B for the meeting agenda).  In addition to the above issues, Dr. Margaret Leinen, Director of the Geoscience Directorate, asked that the Review Committee provide specific guidance on three other questions as part of this review. These topics were:

1. Are there challenges in GEO2000 that our community cannot address with our current array of GEO programs?

2. Are there new types of partnerships with other parts of NSF that are necessary to meet the challenges?

3.  Have the scientific developments of the past five years opened new challenges/opportunities that were unforeseen at the time that GEO2000 was written or that were not possible to implement when it was written?

To facilitate this review, the GEO Division directors briefed the Review Committee on their current programs including their budgets, major areas of support, priority areas, new tools and infrastructure investments and their contribution to the GEO2000 goals.  Each Division director also reported on emerging new research areas not addressed by their current programs and the major challenges they face in achieving the goals of the GEO2000 plan.  The Review Committee found these presentations and discussions extremely helpful.  This report provides a summary of the Review Committee's findings and some guidance on the questions posed to the committee by Dr. Leinen. 

II. Usefulness of GEO2000 Plan

The Review Committee found that the GEO2000 plan is a well-articulated strategic plan that provides a broad intellectual framework for geosciences research at the new millennium.  The plan defines a research agenda that addresses many of the most important issues needed for understanding and predicting Earth's environment and habitability.  In contrast to previous long-range plans, GEO2000 focused on organizing science rather than management.  The four broad science themes (Planetary Structure, Planetary Energetics & Dynamics, Planetary Ecology, and Planetary Metabolism) and three societal issues (Environmental Quality, Hazardous Events, and Prediction) have provided a flexible intellectual framework, helping the Directorate’s Divisions identify and promote high priority areas without being prescriptive.  Program managers in all three Divisions report that it is relatively easy to relate new projects to these themes and thus to allow research to be driven by the scientific community.  In addition, the research agenda laid out in GEO2000 has helped GEO secure additional external resources to improve the facilities needed to support geosciences research and to enhance geoscience education.

III. Progress in Implementation of GEO2000 Plan

The Geosciences Directorate has been proactive in implementing the recommendations of the GEO2000 plan, thereby encouraging the development of new interdisciplinary science programs, making unprecedented investments in new infrastructure for geosciences research, and developing innovative new geoscience educational programs. 

GEO has played a major role, for example, in shaping the development of the NSF-wide “priority area” in Biocomplexity in the Environment (BE).  The Coupled Biogeochemical Cycles (CBC) and Genome-Enabled Environmental Science and Engineering (GEN-EN) themes provided substantial new research opportunities for GEO investigators.  In FY2002 and FY2003 GEO funding from these cross-directorate programs totaled $26.2M.  Within the GEO Directorate new BE programs have been developed in several areas including initiatives in Integrated Carbon Cycle Research (program announcements in FY02 and FY 04) and in Water Cycle Research (FY03 and 05), a Biogeociences (FY02, 03, and 04) program which funds research at the intersection of biology and geology, and a program in Ecology of Infectious Diseases (FY03, 04).  Workshops that include all recipients of BE grants are being used to determine how to synthesize results from environmental research promoted by this program, and the Directorate continues to use community workshops as a means of developing new initiatives under this umbrella.

The GEO2000 plan noted that geoscience research often requires large investments in facilities and instrumentation and emphasized the need to improve and extend facilities to collect and analyze data on local, regional and global spatial scales and appropriate temporal scales.  GEO has followed this recommendation and developed a number of major infrastructure programs that are being pursued through the MREFC account.  These programs include HIAPER, a high-performance instrumented airborne platform for environmental research; EarthScope, an integrated seismic and geodetic observational system for exploring continental structure, dynamics and evolution; IODP, a multiplatform, integrated scientific ocean drilling program; OOI, a research-driven ocean observatory network; and the acquisition of a new Alaska Regional Research Vessel (ARRV).  Collectively, these projects represent an unprecedented investment in major new facilities for geoscience research.  In response to the need for a variety of new tools and facilities that require an investment in the $10-30M range, the Geosciences Directorate has also recently established a "mid-sized" infrastructure fund.  The Advanced Modular Incoherent Scatter Radar (AMISR) for upper atmosphere observations is the first of a number of critical new facilities that will be acquired through this innovative fund in the next few years.  

Another area where the Directorate has been very proactive in response to the GEO2000 recommendations is in providing the computational infrastructure necessary to support the increasing demands of modeling, data analysis and management, and research.  A highly successful Environmental Cyberinfrastructure workshop was held in Fall 2002 that laid out the broad needs in information technology in the environmental sciences.  The AC/GEO has established subcommittees in each Division to provide advice on future cyberinsfrastructure activities.  GEO has also effectively used the NSF-wide priority area in Information Technology Research (ITR) to partner with CISE to begin to address important future GEO needs in this area.

GEO has developed two innovative educational programs to address GEO2000’s educational goals - Digital Library for Earth System Education (DLESE) and Centers for Ocean Sciences Education Excellence (COSEE).  The DLESE supports Earth system science education by providing:

•  Access to high-quality collections of educational resources

•  Access to Earth data sets and imagery, including  the tools and interfaces that enable their effective use in educational settings

•  Support services to help educators and learners effectively create, use, and share educational resources 

•  Communication networks to facilitate interactions and collaborations across all dimensions of Earth system education

DLESE resources include electronic materials for both teachers and learners, such as lesson plans, maps, images, data sets, visualizations, assessment activities, curriculum, and online courses.  

The mission of the COSEE is to significantly enhance ocean learning opportunities for all age levels (including adult and non-formal education) by incorporating the work of ocean science researchers into high-quality educational products and services and providing opportunities for networking between oceanographic researchers and educators.  Each Center represents a multi-dimensional partnership involving an institution of higher education, a research laboratory, and informal educational institutions such as aquaria or science centers.  The Directorate has established 7 COSEE sites around the country.

IV. Beyond GEO2000:  Emerging New Research Opportunities and Infrastructure Requirements

The GEO2000 plan provides a vision of the research opportunities on planetary structure, energetics, ecology and metabolism from the perspective of the late 1990s.  However, since this plan was finalized, new discoveries and research directions have emerged.  In this section we outline some of these new research opportunities, and reemphasize some of the more important findings in GEO2000 that continue to impress us with their importance.

Emerging New Science Opportunities

Coupled human-natural systems.  Some of the most dramatic recent discoveries in the geosciences relate to the effects of humans on natural systems on multiple space and time scales.  These effects often run counter to the thinking of researchers accustomed to the classical “bottom- up” view of the controls in natural systems.  For an ecologist or oceanographer, this traditional perspective suggests that the supply of sunlight and limiting nutrients (e.g. C, N) determines the character, especially the productivity, of the ecosystem.  Hence one need only determine the physical or chemical requirements of the photosynthetic organisms, and how humans modify these supplies or otherwise change the physical habitat, to understand an ecosystem and predict its health. However, disruptions to the system that involve the removal or addition of organisms higher in the food chain (“top-down” controls) can not only affect the abundance of their prey, but can cascade down the food chain in ways that lead to changes in the physical environment, dominance of new and less desirable species, or changes in the primary production of the systems.  Such top-down effects are probably as important as the eutrophication pathway, and well-documented examples are beginning to accumulate for terrestrial systems, coral reefs, open ocean pelagic communities, estuaries and previously fish-rich coastal systems.   Because many of these changes were initiated prior to the keeping of rigorous historical records, a longer-term, geological perspective from sedimentary cores, tree-rings, and other geohistorical records is clearly required, both to identify “natural baselines” prior to significant human impact, and to assess the relative importance of human impact versus natural variation.  Analyses within time frames that are long relative to disruptive human activities -- and, just as important, analyses in intervals that fully precede human impact -- are also essential to discover the fundamental biological principles that determine the maintenance, collapse, and recovery of species and of ecosystem function.  Many new tools have been developed or are coming online that will permit geohistorical analysis at the requisite levels of detail and confidence in both the recent and pre-human past, and this represents and important area for the integration of geological, geochemical, paleobiological, and molecular datasets.  

Significant anthropogenic impacts are evident in all four areas of research described in the GEO2000 report, further underscoring the need for integrated, short-term geohistorial and modeling approaches.  Examples include emissions and removal of trace gases to the atmosphere, addition of anthropogenic chemicals to coastal oceans, removal of key marine predators including mammals and fish, introduction of invasive, non-native or pathogenic species, eutrophication of marine and freshwater environments, promotion of conditions leading to harmful algal blooms and more.  Especially profound and understudied is the degradation of coastal ecosystems, particularly estuaries and coral reefs.  Because these systems are so well represented in the geological record, the potential is great for integrated biogeochemical, ecologic, oceanographic and paleobiologic studies.  

The BE program has been a major advocate of research in this general area and the Review Committee was concerned that support for such research be continued, and even increased, after the BE program ends.  Key ecosystem issues important to understanding coupled human-natural systems are not traditionally supported by disciplinary programs; issues such as the importance of redundancy within trophic levels and the substitutability of taxa for ecosystem health, the limited perspective of single factor manipulative experiments (which often ignore geographic and temporal scales and genomic diversity of species populations) and predicting the relative resilience of taxa and ecological communities to habitat alteration and fragmentation.  Given the importance and broad impact of these issues, both scientifically and for society at large, and the urgent need to analyze phenomena on time scales beyond the reach of direct observation, we see this as an opportunity for a much expanded research effort in this area at the NSF-wide level.

Abrupt Climate Change.  Climate change is one of the most important scientific issues of our times, and the possibility of abrupt climate transitions occurring on time scales of millennia to decades has recently risen to the forefront.  The 2003 National Research Council report "Abrupt Climate Change: Inevitable Surprises" and the ongoing freshening of the subpolar North Atlantic have generated significant scientific and public interest in this topic.  Much of the motivation for this topic comes from progress in the interpretation of paleoclimate records.  However, the strong ocean circulation changes often implied by these records will remain speculative until reasonable physical constraints are imposed on the suggested scenarios.  There is also a great need to understand the workings of the present climate system in order to develop confidence in projections of future climate.  Abrupt climate change could have profound effects on ocean, earth and atmospheric processes, and an interdisciplinary approach including an expanded program of oceanographic observations and modeling combined with paleoceanographic and paleoclimatic reconstructions of past abrupt climate events and modeling of future climate scenarios is needed.

A few potential questions that form focal points for an abrupt climate change research program are listed below:

· What is the origin of high latitude North Atlantic freshening?  Is the high-latitude freshening compensated by low-latitude salinification?  Will the ongoing high latitude freshening lead to a shutdown of the thermohaline circulation? 

· How do North Atlantic circulation changes propagate to the tropics and southern hemisphere to influence global climate?  Do these modern salinity changes reflect a difference in the global water cycle?

· How do the Pacific, Indian and Southern Oceans participate in abrupt climate change?  What is the role of ENSO-like processes on centennial and millennial time scales?  

· How do biotas respond to abrupt climate change? How do different elements – predators, parasites, trees, weeds – differ in their rate and magnitude of spatial shift, extinction risk, or ability to maintain dominance, and what are the consequences for ecosystem function?  Are the rules different for land and sea?

These questions are just a few that could be addressed in a collaborative oceanographic, paleobiologic, paleoceanographic and climate modeling program on abrupt climate change.  Connections to other GEO initiatives on the Water and Carbon Cycles are obvious, as are links to other core programs in terrestrial paleoclimatology and international programs such as the RAPID initiative in the U.K.  Indeed, the ocean appears to be the very best place to detect changes in the global water cycle, since oceanic salinity provides a direct record of the history of air-sea water fluxes.  Determining the rate of CO2 uptake by the ocean remains a critical question.  The coupled nature of oceanic and atmospheric dynamics in regulating climate requires cross-disciplinary approaches.  Linking the physics of present-day climate to the paleoclimate record is an outstanding intellectual challenge of vital concern for the future of society and GEO is well-positioned to play a critical role in fostering research in this area.

Biogeosciences.  This continues to be a rapidly growing and exciting field, taking new approaches to understanding fundamental interactions between life and the Earth's atmosphere, hydrosphere, and geosphere.  As conceived by the community (e.g. AGU report in 2001), these interactions range widely in spatial and temporal scale, from the transport of bacterial cells in a groundwater aquifer and the role of microbes in mineral dissolution and precipitation (this scale has been the primary focus of NSF Biogeoscience initiatives so far), to the impact on climate and nutrient cycling of the replacement of tundra by conifer forests, and the impact on atmosphere chemistry of construction-collapse cycles of massive carbonate reefs or other regulators of planetary metabolism.

One area that promises major insights in the next decade is the application of molecular tools developed in the biological sciences to geoscience problems. For example, oceanographers using cloning and gene sequencing technologies have found novel phylogenetic lineages of microorganisms that likely fix carbon in ways other than the well known oxygen-producing photosynthetic pathway, as well as microbes that trap light energy but do not fix inorganic carbon (i.e. photoheterotrophs).  Previously unknown organisms are also being discovered in hydrothermal ecosystems and from fluids deep within the crust.  The presence and abundance of these microbial groups active in nitrogen, sulfur, methane, iron and other important biogeochemical cycles implies that there is much to learn about elemental cycling in the geosphere.  It appears likely that the new tool of proteomics will provide critical information about the proteins being expressed by genes of such newly discovered organisms and hence will reveal their functional role in the environment. An additional area with great potential for advancement involves chemical proxies for biological and physical conditions in present-day and ancient environments.  Such approaches include both isotope systems and more novel biomarkers, i.e., characteristic organic molecules that indicate the presence of specific organisms and hence processes, in paleo contexts.  These emerging fields represent opportunities at the intersection of a variety of disciplines including geology, paleobiology, molecular biology, chemistry, atmospheric science and oceanography.   They do not fall readily within the domain of any single NSF division or program, and are hence in need of special nurturing. 

Role of water in geosciences.  Water related research is emerging as an integrating theme within the geosciences and in the broader environmental sciences, including climate science, biogeochemistry, geomorphology, and ecology.  In the past oceanographers, atmospheric scientists, and hydrologists tended to observe, model and understand their isolated portion of the water cycle, while treating the remainder of the cycle as a boundary condition or forcing.  Hydrologic science seeks to understand the terrestrial portion of the water cycle, including feedbacks between the land and atmosphere and the influence of freshwater and its entrained sediment and solutes on the near coastal ocean.  Traditionally, it has focused on understanding the horizontal fluxes of water in the ground and on the surface, often as parallel vectors with no interaction, with the vertical fluxes treated as forcing functions (precipitation) or losses to the system (evapotranspiration).  Atmospheric science has focused on vertical vectors of water exchange, with limited attention to the terrestrial distribution of water.  Results from General Circulation Models (GCMs) indicate the sensitivity of global models to terrestrial sources of water vapor, but there has been limited data available to validate predictions of the land-surface/atmospheric linkage in these models.  The terrestrial portion of the water cycle is much more strongly controlled by transpiration, a biological process intimately associated with photosynthesis (and, hence, the carbon cycle) than the ocean where physical processes dominate.  The terrestrial portion of the water cycle is also further complicated by tremendous spatial heterogeneity introduced by geologic setting, precipitation variability and human activities.  Although these complications have impeded progress, recent developments in technology and newly proposed infrastructure provide exciting opportunities.  GEO has already identified this theme and has provided support through a Water Cycle Research solicitation as part of BE.  However, given the importance of the water cycle to atmospheric, earth and ocean sciences further investments in this area hold great promise.

Emerging Infrastructure Requirements

GEO2000 emphasized the importance of significant investments in facilities and instrumentation for conducting future geoscience research.  Over the past four years the need for major infrastructure investments in several areas has become particularly clear. 

Observing systems.  The geosciences are fundamentally an observation-based science, requiring substantial investments in observing systems, from spatially distributed nanosensors to aircraft and space based observations.  Exhaustive sampling is impossible in the almost infinite space-time continuum of geosciences, so models and statistics are used to make inferences.  New technologies, from sensors networks on land and in the ocean to satellites, are dramatically improving the spatial and temporal density of observations, reducing dependence on models and statistics.  Major investments in observing systems are needed to take advantage of these new technologies, and to address both emerging and continuing important science issues, especially those requiring observations over long time periods. 

Recent advances in observational capabilities have enabled remarkable advances in cross-scale understanding in the oceans, land, atmosphere, biota, and solar-terrestrial interactions.  The temporal dynamics and spatial characteristics of seasonal polar ozone variations, global primary production, vegetation type, droughts, floods, and many other earth system phenomena have been dramatically captured in unprecedented detail.  The next challenge in moving toward an earth system science will be to advance the integration of observational systems in ways that reveal how coupling occurs across earth system components at regional and global scales.  For example, an El Nino/La Nina forecasting and assessment system will provide an end-to-end description of physical atmosphere-ocean couplings and their subsequent translation to seasonal variations in regional climate with associated natural hazard impacts on societies around the world.  At an even larger scale, the close correlation between biodiversity and mean annual surface temperature from poles to equator implies a dynamic that needs to be better understood in the face of climatic changes.  The strategic value of an integrated earth system observational capability for advancing the sustainable development of human society will be enormous.  To realize these benefits, atmosphere, ocean and terrestrial scientists must accelerate their scientific interactions especially at the young investigator level.  This “new” integrated earth science will require the training of a new generation of scientists.

Sensors and sensor networks.  Major advances in the technology for making autonomous, in situ measurements of physical, chemical and biological properties --  including dramatic decreases in the size, weight and cost of sensors, major improvements in sensor accuracy and resolution, and advances in communications and information technologies --  promise to revolutionize the geosciences.  Large numbers of sensors can now be integrated into sensor networks to improve performance and lifetime, and decrease life-cycle costs.  Communications networks, including wireless networks, provide rapid access to information, eliminating the barriers of distance and time for tracking endangered species, detecting toxic agents, monitoring seismic or volcanic hazards, or measuring changes in ocean circulation.  The coming years will likely see a growing reliance on and need for more powerful sensor systems, with increased performance and functionality.  GEO needs to maintain an active and well-funded program in sensor development that leverage industry advances in nanotechnology, distributed networks, wireless communication, and information and decision systems.

Cyberinfrastructure.  Even more so than at the time that GEO2000 was published, it is clear that the geosciences are generating huge volumes of heterogeneous data, which are growing exponentially with improvements and expansion of observational capability.  Real time access to observational data, data visualization, the integration models and data (data assimulation), and real time model simulation using integrated data sets, further push the need for substantial investments in a geoscience-based cyberinfrastructure.  The beginnings of this cyberinfrastructure can be found in existing programs like UNIDATA and GEON, but as stressed in the recent report on Cyberinfrastructure for Environmental Research and Educations (2003) it is important that the infrastructure be shared and integrated across all of our communities, rather than to become balkanized.  We reemphasize the GEO2000 call for investments in computational infrastructure to support the increasing demands of modeling, data analysis and management, and research, and encourage investments that integrate across the geosciences.

Large-scale cross-disciplinary experiments.  Earth system science is inherently interdisciplinary and advances in this field will require large-scale cross-disciplinary experiments.  The atmospheric sciences (ATM) have conducted a number of large-scale experiments, like BAMEX and IHOP, testing a variety of hypothesis, some of which cross boundaries between disciplines.  The MARGINS program has conducted geological and geophysical studies which “cross the shoreline” with support from both the ocean sciences (OCE) and earth sciences (EAR) divisions.  However, because of their cost and technical difficulty, as well as the divisional structure of GEO, these cross-disciplinary experiments have often not been fully exploited, nor fully integrated across disciplines.  These experiments offer excellent opportunities to build bridges between the disciplines with geosciences, and between NSF and other agencies, and should be facilitated by the leadership of GEO.

V.  Evolving Partnerships

The partnerships that GEO has developed as a result of past NSF-wide priority areas are continuing to evolve and will require careful nurturing of the scientific communities that have started to develop.  One community that has been established is that associated with the past NSF-wide Information Technology Research (ITR) initiative.  The types of GEO-related projects that have been funded through this effort include efforts to develop new tools for geoscience research as well as efforts to explore leading geoscience research questions.  An example of the former is the GEON project which is building a capability to link and share Earth Science databases, models, and visualization tools; one facility will be the GEONgrid , a seamless data integration and analysis environment.  An example of the latter is to develop a general computational framework for the optimal integration of atmospheric chemical transport models and measurements using adjoint methods.  Cyberinfrastructure is an example of an emerging priority area that can build on these successes and expand them, so that a larger geosciences community can participate in some of the exciting and revolutionary computational and data management techniques that will accelerate our science.  

A second area of developing partnerships is that of Collaborations in the Mathematical Geosciences.  The purpose of this relatively new partnership is to enable collaborative research at the intersection of mathematical sciences and geosciences and to encourage cross-disciplinary education through summer graduate training activities.  The most recent solicitation emphasized the mathematical and statistical modeling of large, complex geosystems or representing uncertainty in geosystems. 

A third area of emerging partnerships is the Sensor and Sensor Networks Program that was started through the Engineering Directorate and the Computer and Information Science and Engineering Directorates within NSF.  The Advisory Committee has recommended that the Geosciences Directorate participate in this program because of the potential benefit that advanced sensor development together with advanced sensor networking capability could have in the Geosciences.  The most recent call for proposals sought to advance fundamental knowledge in the areas of sensor design, materials and concepts, including sensors for toxic chemicals, explosives and biological agents, sensor networking systems in a distributed environment, the integration of sensors into engineered systems, and the interpretation and use of sensor data in decision-making processes. 
A fourth area of emerging partnerships is that with the Directorate for Social, Behavioral, and Economic (SBE) Sciences. The Advisory Committee strongly endorsed new efforts to build programs with this directorate to facilitate the development of the science needed to explore the human dimensions of global change. While efforts at new interdisciplinary science themes still need to be developed, the SBE Directorate did sponsor a Special Competition for FY2003 in Human and Social Dynamics. One of the themes emphasized in the competition was the topical area of “Decision Making Under Uncertainty”, which was part of the President’s Climate Change Research Initiative. 

Finally, while the educational goals of GEO2000 are being met through some of the internal programs within the Directorate, the Review Committee encourages the Directorate to explore ways to improve interactions with the Directorate for Education and Human Resources. Almost any scientist who has had the opportunity to work in the area of understanding geosciences feels the excitement that the field offers.  This excitement should be a magnet for attracting students into science, yet a number of barriers exist to realizing a fuller participation by students in the field at the undergraduate (and graduate) levels.  The Review Committee encourages GEO to find ways to further develop funding for Geoscience-related educational activities and the Directorate for Geosciences has explored building better ties with the Directorate for Education and Human Resources so that this growth in science capacity can be realized.

V. Challenges and Concerns

While significant progress has been made over the past fours years in the achievement of the goals of GEO2000, GEO faces some major challenges in fully implementing this plan, and realizing the great potential for advancing geoscience research in the coming decade.

Health of Core Disciplinary Science Programs.  The ‘core’ disciplinary science programs in GEO are the foundation on which NSF’s focused programs and interdisciplinary research initiatives are built.  Without the basic disciplinary research funded by the core programs, the interdisciplinary research promoted by cross-directorate and cross-division initiatives would not be possible.  The core programs support a broad portfolio of investigator-initiated research at the cutting edge of the field, and because of the often fundamental (versus downstream) nature of the topics, it is impossible to predict where the next major breakthrough in a field will occur.  By supporting a broad range of basic research, driven by the curiosity of individual investigators and chosen solely on merit, NSF maximizes the chance of making that critical discovery.  Emerging new research directions, such as biocomplexity and nanotechnology, frequently arise out of core science programs and young investigators just entering a field are also mostly likely to be supported through the core science programs.  It is thus critical that as NSF enhances funding for interdisciplinary and NSF-wide priority programs, it also makes parallel increases in the core program budgets. 

Funding Levels of Priority Programs.  NSF priority programs, like BE, have played a critical role in nurturing interdisciplinary research that do not easily fall within the domain of single NSF divisions or programs.  However, because proposal pressure in these emerging new areas is high and funding levels are relatively low, proposal funding rates have been very low.  For example, in FY02, only 10% and 18% of proposals in Biogeosciences and in BE were funded.  With funding levels this low, investigators may turn away from pursuing interdisciplinary questions at the interface of the physical and life sciences.  Another concern is what happens when these priority programs end.  Funding in these priority areas create new cohorts pursuing innovative new research; however, when the funding in a priority area is ended, the only recourse these investigators have is to move back into the core programs.  In some cases, the programs may change in a way to incorporate these new areas but in many cases the demands on the core programs may be such that such new areas may remain underfunded.  NSF should consider mechanisms by which funding in successful priority areas can be increased and used to leverage and match funding in the core programs so as to promote the movement of core programs into new areas.  

Capitalizing on Major Infrastructure Investments.  As noted earlier in this report, GEO is poised to make unprecedented investments in infrastructure to support geosciences research over the next few years.  However, to fully exploit this infrastructure, parallel investments must be made in funding for the science programs that will operate, maintain and utilize this infrastructure.  If NSF experiences significant budget increases over the next five years (e.g. a doubling in its budget), these increases can accommodated through annual increases in the Directorate’s budget.  If, however, the NSF and GEO budgets remain flat over this same period, with little or no real growth, there will either be insufficient funds to maintain and operate this infrastructure or funds will have to be taken from the core program science budgets to do so.  The Directorate needs to take whatever steps are necessary to insure that parallel increases in science funding capitalize on these major new infrastructure investments.
Lack of Diversity in Geosciences.  While GEO has made significant progress in meeting the education goals articulated in GEO2000, the under-representation of certain ethnic groups in the geosciences community, particularly in upper level faculty and staff positions at major research institutions, continues to be a challenge.  Continued focus on the “pathways” issue (i.e. identifying the educational barriers that result in low levels of participation by underrepresented groups in science in general, and geosciences in particular) will be essential to meeting the long-term goal of increased diversity within the geosciences work force.  This can be facilitated in part by the developing partnerships with the Directorate for Education and Human Resources.

However, the continuing under-representation of women in the geosciences despite several decades of high expressed interest (e.g., numbers of undergraduate concentrators, proportions of all recipients of MS and PhD degrees) indicates that genuine “leaky pipeline” problems still exist in our field, and thus are also likely to confront ethnic/minority groups.  This is a difficult problem, and not one that will be solved by focusing exclusively at the supply-side//upstream end of the educational and professional track.  NSF programs that encourage the hiring and retention of women and minorities at research institutions, where they remain seriously underrepresented, should be investigated.

IV. Summary and Recommendations

The Review Committee found that the GEO2000 document continues to provide a broad and flexible framework that allows adjustments over time as new research opportunities arise.  Thus, even new programs, such as the recent President’s Climate Change Research Initiative, can be accommodated through adjustments to the themes supported under GEO2000.  With this flexibility, however, comes the important task of taking stock, periodically of adjustments that might be need to the plan or to balance funding devoted to various program elements.

The Geosciences Direcotorate has been commendably proactive in implementing the recommendations of the GEO2000 plan, thereby encouraging the development of new interdisciplinary science programs both within the directorate and across directorates.  For example, GEO has played a major role in shaping the development of the NSF-wide “priority area” in Biocomplexity in the Environment (BE) and has established new cross-divisional programs in Integrated Carbon Cycle Research, Water Cycles Research, Biogeosciencs and Ecology of Infectious Diseases.  The GEO2000 plan has also provided a framework within which a number of major infrastructure investments in the geosciences are being pursued through the MREFC account including HIAPER, EarthScope, IODP OOI, and the ARRV.  The newly established “mid-sized infrastructure” fund in GEO will provide a mechanism to acquire critical new facilities that require investments in the $10-30M range, like the AMISR.  The directorate has established two new innovative educational programs (DLESE and COSEE) that address GEO2000’s educational goals.
The committee identified several new research opportunities that have emerged since the GEO2000 plan was written that GEO is encouraged to pursue.  These include:

· Coupled human and natural systems

· Abrupt climate change

· Biogeosciences

· Role of water in geosciences

In cases where programs already exist, the committee recommends a broader view of these programs in the future.

In addition to these new research opportunities the Review Committee wished to reemphasize the importance of new infrastructure investments in observing systems, sensors and sensor networks and cyberinfrastructure.  The partnerships that GEO has developed as a result of past NSF-wide priority areas are continuing to evolve and will require careful nurturing of the scientific communities that have started to develop.  Cyberinfrastructure is an example of an emerging priority area that can build on these successes so that a larger geosciences community can participate in some of the exciting and revolutionary computational and data management techniques that will accelerate our science.  Other areas of developing partnerships that should be pursued include collaborations with the Engineering Directorate, the Directorate for Social, Behavioral, and Economic (SBE) Sciences, and the Directorate for Education and Human Resources.

The GEO2000 plan is based on the assumption that the funding available to the Geosciences directorate will increase significantly over the next decade.  If this does not happen then many of the goals of this plan will not be achievable.  Other challenges that must be faced in implementing GEO2000 include:

· Maintaining the health of core disciplinary sciences programs while at the same time increasing funding levels for priority interdisciplinary science programs

· Capitalizing on the major infrastructure investment that GEO will make in the next few years with parallel investments in the science programs that will operate, maintain and utilize this infrastructure

· Addressing the lack of diversity in the geosciences, and expanding educational opportunities at all levels

Significant progress has thus been made over the past fours years in the achievement of the goals of GEO2000.  With the strong and creative leadership enjoyed by the Geosciences Directorate, the prospects for continued advances in geoscience research, education and infrastructure over the remainder of this decade remain high.   
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  August 14



  Provisional Agenda
  9:00 – 9:15
Welcome, discussion of task, goals

  9:00 – 10:30
Review and discussion of material provided by NSF; external materials (CCSP)

10:30 – 10:45
Break

10:45 – 11:30
Presentation on implementation of GEO 2000 in Earth Sciences and discussion of needs, gaps  (Dr. Zimmerman)

11:30 – 12:15
Presentation on implementation of GEO 2000 in Ocean Sciences and discussion of needs, gaps (Dr. Yoder)

12:15 – 1:30
Lunch
  1:30 – 2:15

Presentation on implementation of GEO 2000 in Atmospheric Sciences and discussion of needs, gaps (Dr. Moyers)

  2:15 – 2:45
Presentation on implementation of GEO 2000 within the Biocomplexity in the Environment Initiative (Mr. Clark)

  2:45 – 3:15
Presentation on implementation of GEO 2000 within the ITR and Collaboration in Mathematical Sciences Initiatives (Dr. Meacham)

  3:15 – 3:30
Break

  3:30 – 4:00
Presentation on implementation of GEO 2000 within the Nanoscale Science and Engineering Initiative (Dr. Lambert)

  4:00 – 4:45
Open Session for Other Issues (TBD)

  4:45 – 5:30
Discussion of implementation and summary of needs

  5:30
Adjourn
  August 15

 

 Provisional Agenda (continued)

  8:30 
Summary of previous day’s findings and discussion with Dr. Leinen

  9:00 – 9:45
Discussion with Dr. Leinen on needs that will be met by emerging initiatives in Human and Social Dynamics; Cyberinfrastructure; Sensors and Sensor Networks; Complex Environmental Systems

  9:45 – 10:00
Outline of report and writing assignments

10:00 – 12:00 
Writing

12:00 – 12:30
Summary and conclusion

�  A version of this report was originally submitted to AC/GEO at the April 2004 Meeting.
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