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Introduction and Overview

The Directorate for Geosciences (GEO) is one of six research directorates within the National Science Foundation.  GEO supports research to advance the state of knowledge about the Earth, including its atmosphere, continents, oceans, interior, and the processes that modify as well as link them together.  GEO also supports activities designed to improve the education and human resource base for these research areas.

· GEO support often complements more targeted activities sponsored by other agencies.  When areas of interest to GEO and mission agencies overlap, partnerships are formed.  With these partnerships, GEO's unique role of fostering advances in fundamental understanding is leveraged by mission-focused work thus speeding both the discovery process and the utilization of discoveries in service to society.  

· GEO fosters international projects and partnerships, opening doors for U.S. scientists to conduct studies abroad and for foreign scientists to utilize data generated in the United States. 

· GEO educational programs are targeted at all ages, from pre-school programs through postdoctoral fellowships that start new Ph.D. recipients on their way to careers in the professoriate.  One of GEO’s primary goals in education is fostering understanding of the geosciences at the K-12 and undergraduate levels. 

· GEO launched a program to broaden participation in the geosciences by traditionally underrepresented groups in FY 2001  Awards for the first competition of Opportunities for Enhancing Diversity in the Geosciences were made in August/September 2001.

· A key component of GEO's investment portfolio is facility and infrastructure support.  Inherently observational and data-intensive, geoscience cannot be conducted without an array of observational and computational platforms.  Facilities serve a broad spectrum of users and contribute to research achievements by enabling discovery, making research results and databases available to all potential users, and implementing human resource development and educational programs. 

GEO-supported activities are managed through three divisions:
The Division of Atmospheric Sciences (ATM) supports research, facilities, and education related to understanding the behavior of the Earth's atmosphere and its interactions with the sun.  Research topics include: studies of the physics, chemistry, and dynamics of the Earth's upper and lower atmosphere; climate processes and variations; and natural global cycles of gases and particles in the Earth's atmosphere.  ATM also supports an array of facilities to provide the infrastructure needed to conduct cutting-edge research.  These include the National Center for Atmospheric Research (NCAR), which makes available computational resources as well as aircraft for atmospheric studies, an array of incoherent scatter radar facilities for the study of processes in the highest reaches of Earth's atmosphere, and university-based advanced weather radar facilities for investigating processes in the lower atmosphere.  Finally, ATM supports innovative education activities, including not only NSF-wide programs such as Research Experiences for Undergraduates, but also programs specific to the atmospheric sciences, such as NCAR’s Significant Opportunities in Atmospheric Research and Science (SOARS) program.

The Division of Earth Sciences (EAR) provides funding support to U.S. colleges and universities and other non-profit organizations for the conduct of forefront research and education in most areas of the solid-earth and surficial-terrestrial sciences.  Emphasis is on the support of people, ideas, and tools to advance the nation’s basic research capabilities.  The EAR Division focuses on improving our understanding of the earth’s structure, composition, natural processes, evolution and interactions with the earth’s biosphere, atmosphere and hydrosphere.  In addition, EAR provides support for the instrumental and observational infrastructure needed to maintain the U.S. research community’s preeminent position in this science.  It is the goal of the Division of Earth Sciences to identify, encourage and accommodate the changing scientific needs of the scientific community and to provide support for the human resource and educational requirements needed to maintain the scientific capability in the earth sciences in a manner consistent with the perceived value to our national goals.  
The Division of Ocean Sciences (OCE) supports disciplinary and interdisciplinary research efforts and the means, particularly ships and other equipment, necessary to access the oceans from the surface to deep in the seafloor.  As with NSF as a whole, integrating research and education is a priority for the Division.  OCE provides significant support to facilities and technologies that enable access to various regions of the ocean and ensure effective research and communication capabilities.  OCE is the primary supporter of the academic research fleet as well as manned submersible activities.  Other support includes both the technological development and emplacement of seafloor observatories, remotely operated vehicles, autonomous underwater vehicles, and other instrumentation such as communications technology.  Finally, the Ocean Drilling Program, supported by OCE in concert with numerous international partners, enables access to the Earth's undersea crust by drilling into the seafloor to recover rocks and sediment. 

Relationship of Resources to Outcomes

The Directorate for Geosciences allocates resources to divisions and programs in a fashion that maximizes the impact of investments by analyzing the current state of the science in and across disciplines.  Areas where significant results are consistently realized are nurtured while those areas where productivity is waning are curtailed.  In addition, identification of areas where focused investment will have a significant impact plays a major role in the resource allocation process.  Annually, a few areas are selected where short-term focused investment has the potential to catalyze the discovery process.  Emphasis areas receive special attention for a period of one to a few years depending on the readiness of the research community to actively pursue the new possibilities.  The intellectual underpinning for this decision process is provided by the research and education communities.  

At the award level, mail reviewers, panelists and program managers judge proposals based not only upon their potential ability to achieve outcomes (by looking at the intrinsic merit of the proposal and its potential broader impacts), but also upon the magnitude of total resources (in terms of both direct funding and facilities costs) required by the project.  Further, the use of “sunset” clauses in the long-range plans for some focused programs is a powerful tool that enables thorough assessment of the achievements of activities. These assessments provide the basis for decisions about the priority that should be assigned to any “follow-on” activities.
The Directorate continuously engages the scientific community, other agencies, and international organizations in planning for future activities.  For example, the Ocean Sciences Decadal Committee recently issued its report, Decadal Report on the Science Directions for Ocean Science.  Finally, the Directorate participates in numerous agency-wide initiatives which are at the cutting-edge of national research efforts.  These initiatives include Biocomplexity in the Environment, Information Technology Research, and Nanoscale Science and Engineering.
Role of the Directorate for Geosciences
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The Directorate for Geosciences provides the largest share of federal support for fundamental research performed by U.S. academic institutions in the earth, atmospheric, and ocean sciences.
   Catalytic in nature, support is given for investigations into fundamental Earth processes.  Much of the research supported by GEO is interdisciplinary, addressing multiple facets of the Earth system.  Interdisciplinary approaches are necessary to fully comprehend the complex interplay of the dynamic systems governing the behavior of the Earth.  These approaches are implemented in GEO through cross-disciplinary funding of research grants.   Not only are projects often supported by more than one program but also across GEO Divisions, other NSF research and education programs, and with other Federal agencies.

Data Sources Used

Primary sources of information for Directorate assessments are Committee of Visitor (COV) reports and Division assessments.  Two COVs were held in GEO in FY 2001(a review of the Lower Atmospheric Research Section (LARS) in the Division of Atmospheric Sciences and the Instrumentation and Facilities Program in the Division of Earth Sciences (see table 1 for GEO’s COV schedule for the next three fiscal years).  In addition to the LARS and IF COV reports, annual division assessments, press releases, budget documents, and information from program officers and NSF grantees were used to present further examples of GEO-sponsored research and activities.

Highlights of Risky Investments

The Directorate for Geosciences encourages proposals on the cutting-edge of research.   These proposals are often considered “risky” because they may involve new or unconventional ideas that the program officer may choose to fund despite a lack of consensus in the review process, or the development and deployment of new technologies. Success of this research is not often measurable on an annual basis as it does not always lead to immediate results.  The research does, however, always broaden the body of geosciences knowledge.
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Rapid Response to Seismic Events.
 NSF RIDGE and the NOAA Vents Program responded to two seismic events occurring in 2001 by sending research teams to the areas. The first was detected on April 3, 2001 on the central Gorda Ridge and was the first time a large seismic swarm on the seafloor produced no detectable water column anomaly. The second event, which occurred at Middle Valley, was detected on September 6, 2001 and an expedition is scheduled to begin October 4. These rapid responses to study the immediate effects of seismic events are the most recent in a series of efforts conducted jointly by NSF and NOAA. 

The Use of Oxygen and Oxygen Isotopes to Assess Global Gross and New Primary Production.
  In theory, the distribution of gaseous oxygen and its isotopic composition in the lower troposphere and upper ocean could lead to an extraordinarily robust estimate of regional-to-global-scale oceanic primary production (gross and net).  Dr. Michael Bender has been funded to undertake the first set of frontier studies in this new area, which is expected to generate major new insights into the dynamics of the global marine carbon cycle as well. 
Atmospheric Exchange Processes of Energy, Heat, and Trace Gases in Forests.
 The goal of this project was to improve current understanding of nocturnal atmospheric exchange processes of energy, heat and trace gases over forests by analyzing data collected during BOREAS (Boreal Ecosystem-Atmosphere Study) and by conducting new field experiments. This work addressed the inadequacy of current micrometeorological theory to explain nighttime observations of carbon dioxide flux data from forests. Lidar measurements were used to investigate nocturnal air turbulence and wavelike motions over forest terrain.  An analysis of CO2 flux data from a temperate forest on flat terrain identified soil temperature as an important driver of the inter-annual variability, and highlighted the critical role of snowmelt in the onset of spring growth.  Observations at a hilly site showed that interpretations of flux observations in the presence of waves generated by the forest canopy could be ambiguous due to considerable scatter.  The study produced evidence for vertical advection/mass flow due to mesoscale crop-forest circulation at night and demonstrated that vertical advection can occur owing to even a slight terrain slope or horizontal inhomogeneity in vegetation cover at scales larger than the scale of micrometeorology.

Summary of FY 2001 GEO COV Reports
In FY 2001, two Committee of Visitor (COV) assessments were conducted in GEO.  The first examined the Lower Atmospheric Research Section (LARS) in the Division of Atmospheric Sciences.  This section is responsible for six separately administered research programs:  Atmospheric Chemistry, Climate Dynamics, Large Scale Dynamic Meteorology, Mesoscale Dynamic Meteorology, Physical Meteorology, and Paleoclimatology.  The LARS COV judged these programs to be well managed and executed.  In terms of NSF strategic outcome goals, the COV rated LARS successful in all three areas: Peoples, Ideas, and Tools.

The second COV examined the Instrumentation and Facilities Program (IF) in the Division of Earth Sciences.  This program supports the acquisition or upgrade of equipment required for research, development of new instrumentation and techniques that extend current research capabilities in the Earth Sciences, the operation of multiuser regional or national facilities that provide access to complex and expensive instrument systems for a significant segment of the Earth Sciences research community, and research technicians.  The IF COV judged the program to “remarkably” successful: “…the process for funding programs and the outcomes of previous funding in terms of people, ideas, and tools are among the best that [the COV has] ever reviewed.”

Summary of non-COV Program Evaluations

NSF Geosciences Beyond 2000

The Directorate for Geosciences periodically engages in a long-range planning activity to evaluate opportunities and requirements for research, education, and infrastructure in order to provide a strategy to advance and integrate scientific knowledge across the broad range of geosciences and to provide essential services to the country.  The result of the Directorate’s latest planning activity was the publication during the summer of 2000 of NSF Geosciences Beyond 2000, Understanding and Predicting Earth’s Environment and Habitability.
  The report outlines the scientific programs needed to continue the expansion of the basic knowledge of Earth systems through investments in people, ideas, and tools necessary to accomplish goals.

The Atmospheric Sciences Entering the Twenty-first Century

Seven federal agencies including the National Science Foundation tasked the National Academy of Sciences Board on Atmospheric Sciences and Climate to assess the atmospheric sciences and offer recommendations for the field in the new century.   The report, released in 1998, states that the federal government has a key and continuing role in supporting research in this field but that forming alliances with the academic and private sectors are critical to advance the atmospheric sciences and services.   Five sub-fields are examined in-depth(physics, chemistry, dynamics and weather forecasting, upper atmosphere and near-Earth space physics, and climate and climate change.  For these sub-fields, the report identifies scientific imperatives, recommends directions for research, and examines issues related to research priorities and management of the atmospheric sciences.

Decadal Report On Scientific Directions For Ocean Science

In March 2001, the Ocean Sciences Decadal Committee published a report entitled “Ocean Sciences at the New Millennium.” The report was the culmination of a series of reviews of the biological, chemical, physical, and marine geology and geophysics program areas that began in 1996 and resulted in a report on each of the respective programs. The Decadal Committee was charged to consider these reports, additional sources of information, and community input in developing a report summarizing the directions for ocean science over the next decade.   

Numerous findings were made relating to the scientific opportunities in ocean sciences in the coming decade.  The committee recommended: the development of a multi-agency fleet replacement plan; a vigorous effort in technology development, implementation and support in all areas of ocean science; improvement of databases and ready access to these databases by the scientific community; continued emphasis on the development of models that link different parts of the ocean system; and a vigorous exploration of a new class of controlled perturbation experiments. 

Initial Science Plan For IODP

The International Review Committee for the Initial Science Plan (ISP) for the Integrated Ocean Drilling Program, co-chaired by Dr. Frank Rhodes and Dr. Seiya Uyeda, published its report in December 2000.  The Committee reaffirmed that the scientific significance, technical feasibility, and potential societal benefits of the ISP make it of exceptional importance and timeliness. The Committee concluded that the benefits of the program described in the ISP far outweigh the costs and the technical uncertainties.

The Committee gave its unreserved support to the priorities of the program as described in the ISP. A number of specific recommendations on scientific and technological objectives, facilities, organizational and implementation options, and resource requirements were included.
National Academy of Sciences, Board on Earth Sciences Resources

The Board on Earth Sciences and Resources (BESR) of the NAS was charged by the Division of Earth Sciences to undertake a major study of research in the Earth Sciences.  The report, Basic Research Opportunities in Earth Science, has been recently published (National Research Council/National Academy Press, 2000).  The Board found that the Division of Earth Sciences has done an excellent job in maintaining the balance among core programs supporting investigator-driven disciplinary research, problem-focused programs of multidisciplinary research, and equipment-oriented programs for new instrumentation and facilities.  The committee offers recommendations that address the evolving science requirements in all three of these programmatic areas and primarily pertain to new mechanisms that will allow EAR to exploit research opportunities identified by the committee.

The Board also strongly endorsed the four observational components of the EarthScope Initiative.  This major NSF initiative, already in the advanced planning stage, will deploy four new observational systems: (1) USArray, for high-resolution seismological imaging of the structure of the crust and mantle beneath North America; (2) San Andreas Fault Observatory at Depth, for probing and monitoring the San Andreas Fault by deep drilling into the fault zone; (3) Plate Boundary Observatory, for measuring deformations of the western United States using strainmeters and ultraprecise geodesy; and (4) InSAR, for using satellite-based interferometric synthetic aperture radar to map surface deformations.  EarthScope will contribute substantially to understanding the active tectonics and evolution of the continents, earthquake and volcanic hazards, and basic geodynamic processes operating in the Earth’s deep interior.

Earth Sciences Workshops

There is a great deal of community involvement in planning exercises of the Division of Earth Sciences.  Community workshops are often held to assess the current state and future directions of the science.   Recently, the key areas chosen for study included: Geomorphology and Quaternary Studies; Low Temperature Geochemistry; Coastal Geology; Sedimentology-Stratigraphy; and Paleobiology.  These workshops have produced white papers describing important future directions for research that have been published and widely distributed. Results of these workshops and the community involvement points toward a close relationship between the community and the EAR Division.  

Summary of GEO Achievements by Goal

This report was prepared by the Directorate of Geosciences to meet NSF’s requirements under the Government Performance and Results Act (GPRA).  In order to ensure independent performance assessments, Advisory Committees are required to review and rate Directorate performance in comparison with the NSF FY 2001 Performance Plan on outcome goals.  Table 2 summarizes the results of this process for GEO (see the final section of this report for more detailed information on investment and management goals).  In FY 2002, GEO plans to provide $19.4 million for people, $318.9 million for ideas, and $217.3 million for tools. 
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Crosscutting and Coordination Activities

The Directorate for Geosciences is responsible for a wide range of activities within NSF, across other agencies, and in the international arena.  Table 3 lists some of these crosscutting and coordinating efforts.

Table 3.  Cross-Directorate, Interagency, and International Activities

in the Directorate for Geosciences

	NSF-Wide Initiatives and Cross-Directorate Activities

	Activity
	Lead Directorate
	GEO Role

	Biocomplexity in the Environment
	GEO
	Fundamental studies involving the interaction between Earth’s physical processes and living organisms

	Information Technology Research
	CISE
	Research and education in multidisciplinary areas, focusing on emerging opportunities at the interface between information technology and the geosciences

	Nanoscale Science and Engineering
	ENG
	Studies of nanoscale processes in the environment and biosystems at the nanoscale

	Interagency Activities

	Activity
	Lead Agency
	GEO Role

	National Earthquake Hazard Reduction Program
	Federal Emergency Management Agency
	Fundamental studies involving physical Earth processes studies of how the built environment reacts to earthquakes

	Global Seismic Network
	NSF
	Oversees management of the GSN and is the primary supporter of GSN activities

	U.S. Global Change Research Program
	National Oceanic & Atmospheric Administration 
	Fundamental studies involving processes related to climate and other Earth system processes

	U.S. Weather Research Program
	Department of Commerce
	Basic research on weather, including hurricanes, contributing to the overall goals of the USWRP

	National Space Weather Program
	NSF, NOAA, U.S. Air Force
	Basic research on the physical processes in the Earth’s upper atmosphere and near-space environment

	National Ocean Partnership Program
	Department of the Navy
	Fundamental studies in the aquatic realm, with a focus on developing a national integrated ocean observing system

	International Activities

	Activity
	Lead Nation
	GEO Role

	Ocean Drilling Program
	U.S.
	Coordinates ODP activities and is primary supporter of ship operations and research using ODP techniques

	Inter-American Institute for Global Change Research
	U.S.
	Primary sponsor of the IAI, an organization which seeks To develop the understanding of the integrated impact of present and future global change on regional and continental environments in the Americas and to promote collaborative research and informed action at all levels 




Examples of GEO-Funded Research in Support of Outcome Goals

PEOPLE 

OUTCOME GOAL I:  Development of "a diverse, internationally competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens."
FY 2001 Performance Goal I:  NSF's performance is successful when, in the aggregate, results reported in the period demonstrate significant achievement for one or more of the following indicators:

· Improved mathematics, science, and technology skills for U.S. students at the K-12 level and for citizens of all ages.

· A science and technology and instructional workforce that reflects America's diversity.

· Globally engaged science and engineering professionals who are among the best in the world.

· A public that is provided access to the benefits of science and engineering research and education

COV Comments on FY 2001 Achievement

Lower Atmospheric Research Section:  The COV concluded that the LARS has been extremely successful in developing the PEOPLE Strategic Outcome. In every indicator, there are examples where LARS has made contributions. Moreover, they have been outstanding in providing for globally engaged science and engineering professionals who are among the best in the world and in providing the public with access to the processes and benefits of science and engineering research and education.
Instrumentation & Facilities Program:  The COV cited several examples of IF grants that successfully contribute to meeting this goal.  For example, IRIS (Incorporated Research Institutions for Seismology) and ChiPR (Center for High Pressure Research), large multi-user facilities, have model outreach programs directed at K-12 students and teachers.  In addition, the COV found that “all projects funded by the IF program directly impact the scientific and technological skill and understanding of the PI’s and their graduate and undergraduate students.”

Advisory Committee Rating of GEO Performance

At its November 1-2, 2001 meetings, the GEO Advisory Committee judged the Directorate successful in meeting the outcome goal for “people.”

Indicator 1: Improved mathematics, science, and technology skills for U.S. students at the K-12 level and for citizens of all ages.

Penn State Summer Camp.
  Although many educational activities supported by the Lower Atmospheric Research Section are targeted at the graduate level, LARS also supports activities to improve student achievement at the K-12 level. For example, funding was provided to bring high school and middle school students from underrepresented groups to a summer camp at Penn State University. At this 5 day residence camp students experienced campus life while sharing their days with other students who had similar interests in exploring the sciences. The program content included fundamental science demonstrated in a small classroom setting, field trips to Penn State Research centers and weather forecasting operations in State College, and hands-on laboratory simulations and analysis. World Wide Web exercises and a weeklong forecasting contest designed to be fun as well as educational and motivational enhanced the experience.

Earth Science Educational Resource Center. 
 ChiPR created an Earth Science Educational Resource Center (ESERC) that “offers a suite of educational programs that bring the process of ‘doing science’ to a wide array of audiences including secondary schools students, undergraduates, teachers, elementary and pre-K.” Programs offered by ESERC include continuing education courses for K-12 teachers on the geology of Long Island to a pre-K through third grade science enrichment program that teaches basic concepts in geology and physics.

Undergraduates Using IF-funded X-Ray Fluorescence Spectrometer. 
  At Macalester College (a private undergraduate liberal arts college), Karl Wirth routinely involves undergraduates in research that uses an IF funded x-ray fluorescence spectrometer as a primary tool to help answer questions on the chemical evolution of the upper mantle and continental crust. In two years, more than 55 undergraduate students including 21 women and one minority student have collected, processed, and interpreted data in Wirth’s lab.

Geoscience Education in Public Parks: Harriman State Park, NY.
 A universal model is being developed for Geoscience education in public parks near urban centers. This phase of the project will be to develop an educational videotape and a website. The model is being developed in the 75,000 acre Harriman-Bear Mountain-Sterling Forest State Park, 25 miles to the north of New York City in the Hudson Highlands. The park now receives 4.2 million visitors annually including a large proportion of groups who are traditionally underrepresented in the sciences. Outstanding roadside and trailside rock exposures illustrate fundamental principles of Geology, Mining, Environmental Science, and Civil Engineering. Through them, visitors will be provided with hands-on science education experience.

Geosciences in Alaska Field Explorations and Research for K-12 Teachers.
  This project will provide professional development opportunities for teachers that combines both field and research experiences and evaluates the impact of these experiences on their teaching.  Working with faculty and staff associated with the University of Alaska Museum and the University of California Museum of Paleontology, teachers participate in an introductory local field trip, and four weeks of field experience in Alaska, followed by an additional local excursion in which they apply what they learned.

National Space Weather Program on the Web.
  A major avenue for disseminating information about the National Space Weather Program is the World Wide Web.  The Space Science Institute has developed the Space Weather Center web site as part of the NSWP.  The web page can be viewed at http://www.spacescience.org/.  It serves as a central outlet for public information on space weather by providing a collection of resources of interest to educators, the media, and the general public.  The web site includes introductory information on space weather, an image archive of the best images from space weather research programs, brief reports written by space weather researchers, links to current solar and space weather data, and links to downloadable curricula related to space weather.  A new capability installed in the last year allows visitors to the web site to take a virtual tour of any of several space weather museum exhibits the Space Science Institute has developed.

The Educational Seismology Network (ESN).
  The ESN is an emerging national consortium designed to advance inquiry-based learning in the geosciences at the high school and college level by capitalizing on students’ natural interest in earthquakes, earthquake hazards, and the nature of the interior of the Earth.  Through ESN, working seismometers will be installed in individual schools.  Students and teachers will measure seismograms from earthquakes and other sources, and will share their data with other schools via the Web.  The data will be archived along with data from research seismographs; likewise, students can download seismic data from national repositories.  Some of the school seismographs will collect research-quality data that will be useful to scientific investigations.  The data collection activity is supported by high-quality curricula.  ESN builds on the success of the Princeton Earth Physics Project and similar regional programs in educational seismology, and will serve to integrate them nationally.  It will be closely linked to and supported by Incorporated Research Institutions for Seismology (IRIS), the international seismology consortium.  Further, ESN will support the Education and Outreach element of the ambitious EAR-sponsored EarthScope initiative.  Support for ESN serves the People priority by advancing the cause of integration of research and education, through bringing together research seismologists and teachers and students in a substantive partnership.  This will serve the cause of improving the quality of science education in high schools and colleges nationally.  

Science for “At-Risk” Students.
  The Division of Earth Sciences supports a project aimed at “at-risk” students at the Kieffer Institute for Development of Science-based Education.  Entitled: “Science: Day-by-Day, Life-by-Life, Community-by-Community,” the project is an example of a “high-risk” award, which was made via Small Grants for Exploratory Research (SGER).  The Principal Investigator is a former MacArthur Fellow. The goal of the project is to formulate an Earth-science-based curriculum for K-12 education of at-risk students(defined as any group of students who are not able to participate in a continuous K-12 curriculum.  The curriculum uses the Earth Sciences to capture the students’ interests and to deliver the other sciences, mathematics, social sciences, and language arts.  The curriculum is geared toward meeting the U.S. National Science Education Standards, the U.C. National Council of Teachers of Mathematics standards, the National Geographic Society geography standards, and various language arts and social sciences standards.

Indictor 2: A science and technology and instructional workforce that reflects America's diversity.

Opportunities to Enhance Diversity in the Geosciences.  The Geosciences Directorate successfully completed the first competition of the GEO Diversity Program.  Sixteen awards were made in FY 2001 spanning a wide variety of activities.
  Some examples of funded projects include:

· INGEOS(Indians Into Geological Sciences.
  INGEOS is designed to build collaboration between a tribal college (White Earth Tribal and Community College, Mahnomen, Minnesota) and a major geoscience research institution (the University of North Dakota, Grand Forks, North Dakota).  The program is specifically designed to bring Indian students up to and above the baccalaureate and masters level in the geosciences and to prepare them competitively for successful geoscience careers.
· Building Diversity in, and through, Environmental Journalism.
  This project seeks to strengthen the understanding of the Earth and environment among populations underrepresented in geosciences by improving the quality and quantity of coverage of the environment in media that reach these communities.
· The CSULB Geoscience Diversity Enhancement Program (G-DEP).
  The California Sate University, Long Beach (CSULB) Departments of Geological Sciences, Geography, Archaeology, Anthropology and the Environmental Sciences and Policy Degree Program propose creating an innovative, collaborative partnership with several community colleges and local high schools to improve the research and educational experiences of underrepresented students in the geoscience disciplines.
Significant Opportunities in Atmospheric Research and Science (SOARS®) 

Fall 2001.
  "A diverse, internationally competitive, and globally engaged workforce of scientists, engineers, and well-prepared citizens" is critical to the security and stability of our national stature. ATM supports the UCAR SOARS program. SOARS resides at NCAR and provides a "pipeline" to bring ethnically diverse undergraduates into careers in the atmospheric and related sciences including engineering, mathematics, and social sciences. SOARS identifies, recruits, and provides students attending colleges and universities in the U.S. and Puerto Rico with multi-summer research experiences (mostly at NCAR), year-round guidance, counseling, and mentoring, and up to two years of graduate school support. SOARS boasts an 82 percent retention rate. Since its 1996 inception, 62 students/protégés have participated. Forty-two are current participants, nine are alumni and 11 have left the program. To date 38 have completed bachelor’s degrees in a science field, 17 are enrolled in atmospheric or related science graduate programs, three are AMS graduate fellows, nine have completed master’s degree programs, and three are Ph.D. candidates. No protégé left a college or university without completing an undergraduate degree in science, mathematics, or engineering. Seven protégés have co-authored nine papers published in refereed journals. Many protégés have presented papers and posters of their summer research results at numerous regional, national, and international professional conferences; two papers received best presentation awards, one paper received an honorable mention; one poster was awarded best poster in atmospheric science. Six alumni are in the scientific work force and three are enrolled in Ph.D. programs.

Lower Atmospheric Research (LARS) Support of Activities that promote diversity.  A Research Experiences for Undergraduates (REU) project led by Gerald Grams introduced students and faculty members at Clark Atlanta University to earth system science, specifically the interactions among the geosphere, hydrosphere, cryosphere, and biosphere.
 The project also considered aspects of public policy that pertain to those interactions. A central objective of the project was to provide encouragement to minority students to seek graduate degrees in earth systems science. The students had an opportunity to visit the Department of Energy Atmospheric Radiation Measurement (ARM) site and to obtain experience in a field project.

Another similar contribution to increasing diversity in the field was the integration of some students from the UCAR project SOARS (Signification Opportunities in Atmospheric Research and Science) in the STEPS (Severe Thunderstorm Electrification and Precipitation Study) program.
 The objective of SOARS is to provide support for students from underrepresented groups to enter graduate school in atmospheric and related science. Participation in STEPS was a valuable contribution to that objective.

Instrumentation & Facilities (IF) Support for Activities that Promote Diversity.  As a whole, the geoscience community does not reflect the ethnic and cultural diversity of the U.S.  However, some key institutions like the University of Texas, El Paso are making great strides in research training and development of ethnic minorities.  For example, of the eight published articles from Nicholas Pingitore’s laboratory at UTEP, five include a Mexican-American faculty member as first author or co-author.
  Of the 23 abstracts supported by this project, nine include a Mexican-American faculty member as first author or co-author, and 21 include Mexican-American student authors.

Undergraduate Participation in Rainwater Experiments.
  Investigators Willey and Kieber have been collecting rainwater in Wilmington, North Carolina, since 1985, and Dunedin, New Zealand, since 1999. In their recent work, they found that dissolved organic carbon is a major component of both marine and continental rain, present in concentrations greater than nitric and sulfuric acids combined. Rain is a removal mechanism for carbon, both organic and inorganic, from the atmosphere, and hence is a significant part of the global carbon cycle. They also investigated the concentration and speciation of iron in rainwater, and found that rainwater deposition is an important source of Fe to surface seawater. The carbon work involved a total of thirteen undergraduate students, among them seven women, two of whom were minorities (African American and Native American). Of the thirteen, seven are in graduate school, four are working as chemists and two are still undergraduates. Four master’s students worked on this project, all women, one Hispanic. One of these four is in a Ph.D. program, and three are working as chemists. The iron project involved fifteen undergraduate students, including six women and two minorities (Black and Native American). Of these 15 students, five are in graduate school, one is in law school, four are employed as chemists, and five are still undergraduates. Three master’s students worked on this project, including two women. One student will begin a Ph.D. program in January 2002, one is working as a chemist and one is still in school. Three of these undergraduate students presented their research results at the annual meeting of the North Carolina Academy of Science in Greensboro, N.C. Two of the three received Derieux Awards for the best presentation in their session.
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REU Site Increases Diversity in Ocean Science
. The Minorities in Marine Science Undergraduate Program (MIMSUP) at Western Washington University, which has been supported since 1991, is designed to introduce members of underrepresented groups to professional careers in marine science. Each year, students are selected to spend two quarters at the Shannon Point Marine Center taking courses in marine sciences, attending seminars and workshops, exploring career opportunities, and engaging in supervised research. Students can also participate in an outreach program teaching marine science in the local public schools with assistance from an elementary education specialist. The 79 students who have completed the program are a diverse group: 31 are Latino/Hispanic; 24 are African American; 13 are Pacific Islander; 9 are Native American; and 2 are Native Alaskan. Of the 79 students, 75 have either completed, or are in the process of completing, their baccalaureate degrees. Of the 57 students who have completed undergraduate degrees, one has completed a doctoral program and is currently an NSF Post-doctoral Fellow, 5 are in doctoral programs, 4 have professional degrees, 2 are in professional programs, and 8 others have completed master’s degrees.

Indicator 3: Globally engaged science and engineering professionals who are among the best in the world.

Lower Atmospheric Research (LARS) Support of International Activities.  The COV identified numerous examples of LARS-supported research programs that were characterized by their international scope and collaborations, and where these programs represent cutting-edge atmospheric science.   For example, the Atmospheric Chemistry Program in LARS has actively supported some of these international organizations, e.g. the support of the International Global Atmospheric Chemistry (IGAC) Program administrative office within the Atmospheric Chemistry Program.
  IGAC has helped coordinate a number of research projects which further the development of atmospheric sciences in a number of important research areas and which also facilitate the involvement of third-world countries in this research. NSF-supported scientists have also played lead roles in furthering the work of some these projects. In a recent example, D. Jacob, whose research is supported by ATM, wrote an important part of the forthcoming IGAC book which assesses the progress and future prospects for tropospheric chemistry research.

Another example of support for an international program is through the Paleoclimatology Program. The PCP through Earth System History is one of the two major financial sponsors of the Past Global Changes (PAGES) initiative of the International Geosphere Biosphere Program.
 The goal of PAGES is to further research on past global climatic changes that are relevant to understanding the patterns and forces of climatic changes that are significant to society. PAGES facilitates workshops and meetings of paleoclimatologists from many countries and coordinates a number of large paleoclimatic research projects such as the Pole-Equator-Pole (PEP) transects of sites recording past terrestrial climate change, and the IMAGES program of marine investigations. The PAGES offices are housed in Switzerland and in addition to sponsoring meetings maintain a website and produce newsletters and reports on PAGES research. 

IF Support of International Efforts.  IF provides state-of-the-art laboratories, field instrumentation, technique development, and technical support that poise U.S. geoscientists for global engagement and competition.  The mix of support to individual investigators and multi-user facilities creates considerable flexibility in meeting this goal.  The multi-user facilities, such as IRIS,
 UNAVCO,
 and IRM,
 provide data sets, technical support, and analytical facilities to the NSF investigator community in particular, as well as the scientific community at large.
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The Ocean Drilling Program.  ODP is among the largest international scientific programs in existence today with more than 20 countries participating. Due to the expense of the facilities necessary to drill deep in the oceanic crust, as well as the need for global coverage, international cooperation is of mutual advantage to participating countries. The NSF supports the participation of U.S. scientists in the ODP. 

ODP activities explore the Earth's crust beneath the ocean revealing the composition, structure, and history of the submerged portion of Earth's surface. Ocean drilling involves logging and collecting geologic samples from the floor of the deep ocean basins through rotary coring and hydraulic piston coring. The logs and samples of the cores are made available to qualified scientists throughout the world for research projects. The data collected enable scientists to reconstruct the Earth's past climate history, and to gain a better understanding of plate tectonics, volcanoes, earthquakes, sea-level fluctuations, and the evolution of life forms.

The Integrated Ocean Drilling Program (IODP) is a scientific research endeavor currently being planned by the international scientific community and scheduled to begin in 2003. IODP is expected to build upon the legacies of the early ocean drilling voyages of the Cuss I in 1961, the Deep Sea Drilling Project (1968-1983) and the Ocean Drilling Program (1983-2003). Over the past 40 years, scientists have drilled over 2000 holes into the Earth's undersea crust. IODP, which will be a multi-platform program based primarily on two ships, will provide more extensive opportunities for oceanographic and deep earth discovery.   The results of research based on ODP data are published openly in the scientific literature and in several cruise-related publications including scientific prospectus, preliminary reports, initial reports, scientific results, logging summaries, and citation lists.
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Marine Researcher Receives PECASE Award. In October 2000, CAREER awardee Carl Friedrichs of the College of William and Mary received the Presidential Early Career Award for Scientists and Engineers (PECASE). The PECASE award is the highest honor bestowed by the U.S. government on outstanding scientists and engineers who are in the early stages of establishing their independent research careers. Friedrichs was chosen for his exceptional interdisciplinary approach to understanding sediment dynamics and its impact on marine ecology, and his extensive experience with mentoring programs for undergraduates and high school students.

Indicator 4: A public that is provided access to the benefits of science and engineering research and education
Lower Atmospheric Research Section (LARS) Activities that benefit Research and Education.  The benefits of education and research within the Atmospheric Sciences are extremely visible to the public at large. The importance of the daily weather to individuals is self-evident. Research, particularly within the Mesoscale Dynamic Meteorology Program, benefits the prediction of weather and is made available to the public through improvements in weather prediction. For example, Verification of Origins of Rotation in Tornadoes Experiment (VORTEX) used airborne and surface mobile Doppler radars and other mobile sensors to map in detail the structure of tornadoes and their near environment. The modeling and observations indicated that a localized downdraft is an important ingredient in the final stages of tornado genesis. This knowledge was directly translated to more accurate tornado forecasts (tornado watches) being issued by the National Weather Service.
  Another example of support that enhances weather prediction is the support for the National Symposium on the Great Plains Tornado Outbreak of 3 May 1999.
 This was an interdisciplinary workshop to assess the lessons to be learned from the 3 May outbreak on the subjects of prediction, warning, response, and recovery. The nearly 300 workshop participants included scientists, operational meteorologists, engineers, media, health officials, private sector/industries, and local/state government officials. 

Instrumentation & Facilities (IF) Program Activities that benefit Research and Education.  Some IF awards contribute directly to public technology infrastructure that is used by the geotechnical and engineering communities.  IF has supported equipment acquisition and data dissemination for GPS reference stations, especially throughout the western states.  These projects(NBAR-Northern Basin and Range Array, PANGA-Pacific Northwest Geodetic Array,
 SCIGN-Southern California Integrated Geodetic Array,
 and BARD-Bay Area Regional Deformation Array
(distribute data through UNAVCO
 and archives to the NGS and the geotechnical and engineering communities, cities, counties, and states.

Dynamic Solar Magnetic and Velocity Fields.
  The Wilcox Solar Observatory (at Stanford University) continues its resourceful investigations of evolving solar conditions. Investigators analyze the gathered data for further understanding of the solar cycle and solar activity causes, solar interior conditions, interactions between motions and magnetic field, temporal evolution of coronal magnetic structure and both magnetic and velocity fields in the photosphere, prediction of solar wind CME features' size/importance, and the large scale structure of the heliosphere. The Observatory is upgrading and replacing some of its instrumentation.  In addition to conducting high quality fundamental research, the Wilcox Solar Observatory provides an outstanding example of community service in several respects. They were a pioneer, and still are a true leader in providing prompt internet access to current data, not only in raw form, but also in the form of data products with significant value added. Many of these products have become community standards, and a major reference point for other work(the SolarMail directory of solar physicists(is widely used.  In addition, SolarNews is the standard electronic newsletter for the community. Wilcox Solar Observatory also operates “SOLAR Center” (solar-center.stanford.edu) which is an award winning educational web site “providing on-line activities to encourage and share the wonder of solar science exploration.” 

Digital Libraries for Earth Science Education.
  The test bed phase of the emerging DLESE facility is now complete.  Through an efficient Web-based discovery system, DLESE will make it possible for teachers and students at any educational level—and indeed any citizen—to easily find exactly the kind of material they need for a specific application and be assured of its high quality.  DLESE is a community-based and community-governed facility.  The Earth System context means that the disciplinary scope of DLESE spans the oceans, the atmosphere, as well as the terrestrial Earth.  DLESE is the geoscience component of—and has emerged in a leadership position within—the National Science, Mathematics, Engineering, and Technology Education Digital Library (NSDL).   DLESE is fulfilling the NSF goal that emphasizes People by mobilizing a large cross-section of the geoscience community that is enthusiastic about using, contributing to, and participating in DLESE.  Many of the best of the geoscience research and education community are dedicating themselves to the governance, management, and operation of DLESE.

IDEAS

OUTCOME GOAL II: Enabling "discovery across the frontier of science and engineering, connected to learning, innovation, and service to society."

FY 2001 Performance Goal II:  NSF's performance is successful when, in the aggregate, results reported in the period demonstrate significant achievement for one or more of the following indicators:

· A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning.

· Discoveries that advance the frontiers of science, engineering and technology.

· Partnerships connecting discovery to innovation, learning, and societal advancement.

· Research and education processes that are synergistic

COV Comments on FY 2001 Achievement

Lower Atmospheric Research Section:  The COV concludes that the LARS has also been very successful in developing the IDEAS Strategic Outcome. The community of researchers supported by LARS are developing a robust and growing fundamental knowledge base and are making discoveries that advance the frontiers of science, engineering, and technology. Also, within LARS there are many partnerships connecting discovery to innovation, learning and societal advancement, and synergistic research and education processes. 
Instrumentation & Facilities Program:  The COV cited numerous examples of the IF program’s successful achievement of this goal.  For example, several IF grants led to new ideas and discoveries and ultimately to the development of partnerships that contributed to societal advancement.

Advisory Committee Rating of GEO Performance

At its November 1-2, 2001 meetings, the GEO Advisory Committee judged the Directorate successful in meeting the outcome goal for “ideas.”

Indicator 1:  A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning.
LARS Research that Enhances Progress in all Science and Engineering Fields.  The development of aerosol mass spectrometers has taken place, in part, as a result of LARS support.
 These are now being used to address other needs, e.g., to improve aerosol drug delivery systems, and environmental purity in semi-conductor manufacturing. Another example is the study of the fundamental predictability of the atmosphere.
 These studies both initiated and contributed to chaos theory, which has been applied by many disciplines.  Beyond this, many mathematical techniques have been developed by atmospheric scientists in the past that benefit other disciplines, e.g., applications of control theory, Kalman filtering and variational calculus to assimilate observations into numerical weather prediction models. Another example is the development of variable resolution global models that permits telescoping over a particular region.  Techniques developed for this atmospheric application allow scale interactions to be explicitly modeled, thereby benefiting disciplines that need information on local or regional scales such as river basins, mesoscale convective, complexes, etc.

IF Research that Enhances Progress in all Science and Engineering Fields.  The instrumentation support from IF is highly successful in facilitating new ways to study and in stimulating new ideas about the Earth system. New technology, increases in computer power, larger geophysical arrays, improvements in accuracy of chemical and isotopic analysis, and reductions of sample size have all served to contribute previously unattainable information at increasingly variable scales. These capabilities are used by many scientists to advance the frontiers of science, including those funded by all programs in the Earth Sciences Division. This collaboration of NSF programs is catalyzed by IF equipment and support, and has lead to new ideas and even paradigm shifts for our understanding of the processes that shape our planet.

Space and Atmospheric Sciences at Arecibo Observatory.
  The theory of incoherent scatter is well-established and has been used for several decades to interpret radar echoes from the ionosphere at major facilities such as Arecibo, Millstone Hill, Jicamarca, and Sondrestrom.  Correct interpretation of the incoherent scatter radar spectrum enables accurate determination of many ionospheric properties such as density, velocity and temperature.  However, application of incoherent scatter theory to data obtained at Jicamarca in Peru has yielded unrealistic values for the electron temperature.  This has baffled ionospheric physicists for many years.  Finally, scientists at Arecibo have solved the problem by showing that assumptions made in the calculation of the theoretical incoherent scatter spectrum are not valid at Jicamarca where the radar beam is directed nearly perpendicular to the magnetic field.  Specifically, Coulomb collisions between electrons and ions can not be neglected in the calculation of the spectrum.  When this correction to the theory is applied, accurate measurements of electron temperature are possible.  Scientists at Arecibo have applied the correction to Jicamarca data and are now able to extract realistic electron temperatures up to 500 km altitude.

Kapvaal Craton Project.
  Southern Africa is a unique natural laboratory for the study of continental structure, composition, and evolution.  The Kaapvaal Craton Project of southern Africa was undertaken as a comprehensive multi-disciplinary, multi-national scientific investigation into the processes and conditions of early continent formation and crust/mantle differentiation in the earth.  A centerpiece of the project was a broadband seismic experiment designed to image the crust and mantle beneath the Kaapvaal and Zimbabwe cratons and their adjacent younger mobile belts.  The Kaapvaal Craton Project is now entering its fifth year of support with the major effort now focused on data analysis from the seismic part of the project coupled with combination of that data set with the geological, geochronological and geochemical results also generated from this project.  Much of the geochemical and petrological results were published in years 3 and 4 of the project, but this year saw the first major publication of the seismic results and various multidisciplinary treatments of the data in a special issue of Geophysical Research Letters devoted to this project.
  

Hawaiian Ocean Mixing Experiment (HOME) Reexamines Processes Controlling the Ocean's Stratification and General Circulation.
 The details on how the energy conversion from tides to internal waves and mixing take place is the subject of investigation by a comprehensive, multi-institution, NSF-funded field program led by Rob Pinkel and colleagues near the Hawaiian Ridge. Recent observations of enhanced mixing above rough topography at mid-ocean ridges and new estimates of wind and tidal energies have led to a re-examination of how the ocean's stratification is maintained. [image: image9.png]


Rather than requiring high uniform mixing rates in the abyssal ocean, it appears that a sufficient amount of tidal energy can be converted into mixing over seamounts and ridges. When combined with global wind mixing and frictional tidal mixing in shallow seas, this new source of abyssal mixing would be sufficient to balance global upwelling. 
Indicator 2:  Discoveries that advance the frontiers of science, engineering and technology.
LARS Research: The Annular Mode of Atmospheric Circulation (Arctic Oscillation).  The Arctic Oscillation, an annular mode of atmospheric circulation, has been linked in recent years to a variety of issues in the detection and diagnosis of global change.  ATM-supported investigators have played leading roles in the study of this annular mode, beginning with Wallace and Thompson's introduction of the term "Arctic Oscillation" (or "AO") in the late 1990s.  The AO is strongest in the Atlantic sector of the Northern Hemisphere and has direct effects on the climate of Eurasia, eastern North America, and the Arctic.  A large portion of decadal climate variability, including large-scale temperature and precipitation anomalies in the Northern Hemisphere during the 1980s and 1990s, is associated with the AO as studied by Feldstein and Lee
 and Wallace.
 There is evidence of a similar mode in the Southern Hemisphere, where this mode appears to have played a role in recent trends in the atmosphere and sea ice. Robinson and Black and Baldwin and Dunkerton have shown that the coherent vertical structure and phasing represents the strongest evidence to data of a dynamical coupling between the upper atmosphere and near-surface climate.
 There are tantalizing indications that stratospheric variations can precede surface variations, offering potential predictive possibilities for short-term climate variations, although the robustness and physical basis of this linkage require further investigation.  In addition, there are suggestions that there may be a linkage between stratospheric chemistry (possibly including decreases of stratospheric ozone) and the troposphere via the stratospheric circulation. Another avenue of research is the interaction between greenhouse forcing and the spatial/temporal character of the Arctic Oscillation. Shindell and Schmidt as well as Sloan are using models to address these interactions.
  If greenhouse forcing indeed affects the characteristics of the AO in the frequency and/or spatial domains, the circulation-induced (advective, cloud-related) changes of surface temperature and precipitation may be as large as (or larger than) the changes resulting directly from radiative forcing by greenhouse gases.

IF Research:  Samples from the Earliest History of Earth. Two reports in Nature of the Hadean detrital zircons from Western Australia, include the discovery of one as old as 4.4 Ga.
 This tiny crystal formed within 160 million years of the accretion of Earth and is the only sample known from the earliest history of the Earth.  Its discovery and microanalysis was only possible because of cutting edge equipment funded by IF.
 These results indicate the earliest silicic magmas, the presence of liquid water, and perhaps even oceans, i.e., a cool early Earth, at a time when many have hypothesized the existence of magma oceans.  
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Huge New Hydrothermal Vent System Found on Seafloor.
 Hydrothermal vent structures, dubbed the “Lost City,” were discovered in December 2000 in the mid-Atlantic Ocean. These vent structures, including a massive 18-story vent, taller by far than any seen before, are very different from all others discovered across the world since the 1970s. This new class of hydrothermal vents is composed of carbonate minerals and silica, in contrast to most other mid-ocean ridge hot spring deposits. Dense macrofaunal communities such as clams, shrimps, mussels, and tube worms, which typify most other mid-ocean ridge hydrothermal environments, appear to be absent in this field.
Fast Lightning.
  NCAR scientist Eric Defer has analyzed data on a set of short-duration intra-cloud lightning flashes that last only 23 millionths of a second, illuminating a new class of lightning that is thousands of times faster than those previously observed.  Intra-cloud flashes average about a quarter of a second in duration. Cloud-to-ground lightning flashes can last more than a second.  Using data from a storm that occurred on July 10, 1996, during the deep convection field project of STERAO (Stratosphere-Troposphere Experiment: Radiation, Aerosols and Ozone), Defer found that out of about 5,400 flashes observed, only 83 were cloud-to-ground. More than 800 intra-cloud flashes had durations of less than a millisecond. Many of these lasted no more than 23 microseconds, which was the instrument's sharpest resolution. Researchers do not understand what makes these flashes so short-lived.  This is the first analysis relating such flashes to radar output. In this case, as well as for several other cases from STERAO, the short-duration lightning tends to occur at heights of 6 to 10 kilometers (4-7 miles) within the storm, in close proximity to the strongest updrafts and the most intense radar reflectivities found at those heights. It is hoped that eventually these ultraquick flashes might someday serve as a real-time tool for judging storm severity.
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Salt Crytsals Contain Ancient Micro-organisms.
 Recognition of the involvement of microbes in mineral precipitation and biogeochemical cycling has moved the disciplines geochemistry and microbiology ever closer.  Recent interdisciplinary experiments, conducted on salt crystals taken from the Permian Salado Formation in Southeastern New Mexico, have shown that some ancient crystals still contain viable micro-organisms trapped within tiny fluid inclusions.  The careful use of stringent geological and microbiological selection criteria support the hypothesis that the bacteria are at least 250 million years old.  The salt crystal that contained the organisms was taken from an ancient sediment formation located 564 meters below ground surface.  Only crystals that showed primary features without evidence of secondary dissolution, extensive pressure changes or fractures were selected for microbiological sampling.  The techniques used ensured a probability of contamination as low as one chance in one billion.  Each of the inclusions was sampled using sterilized wire drills.  Two of these inclusions held trapped microorganisms that were still viable.  The isolated microbes are salt tolerant Bacillus sp. that respond to concentrated brines by forming spores.  One of the organisms is, phylogenetically, related to several modern day bacilli but does have several unique characteristics.  

Indicator 3:  Partnerships connecting discovery to innovation, learning, and societal advancement.

LARS Research Connecting Discovery to Innovation and Learning.  The Paleoclimatology Program supports a notable and ambitious REU project at Lake Tanganyika developing a program for training U.S. students, African faculty and students, and members of the local community on limnology and paleolimnology.
 The Nyanza project allows 12 U.S. students to spend six weeks working on the lake with four faculty mentors. The students learn both techniques of paleolimnology and general scientific methodology. The students involved in the project are expected to contribute to the development of new and high quality scientific data sets for the lake. Some recent contributions include recovery of a high resolution annually banded sediment core from the lake, development of thermal and chemical profiles of the waters of the deepest portion of the lake and documentation of zooplankton abundance and migration patterns.

IF Research Connecting Discovery to Innovation and Learning.  New ideas and discoveries arising from IF sponsored research have lead to partnerships with direct dramatic societal advancement. While earth scientists have typically made measurements on the top 100 meters of the earth’s crust, an IF funded facility, IRIS, seeks to image at high resolution the structure and composition of the whole Earth.
  This image will be sharply focused at a variety of spatial scales that vary over three orders of magnitude or more, and will form the basis for a new, physics-based description of the dynamics of the whole Earth.  Moreover, using internet technology, the data management program will make these state-of-the-art data available to anyone in the world promoting a powerful synergy of research and education. 

Community Coordinated Modeling Center.
 NSF is working with NASA, the Dept. of Defense, and NOAA to establish a computer center for developing and testing sophisticated computer models for space weather specification and forecasting.  With joint support from NSF, NASA, and the Air Force Office of Scientific Research, the Community Coordinated Modeling Center was initiated at Goddard Space Flight Center.  NSF funds have been used for computer hardware at the center including a Beowulf cluster that has begun running a magnetohydrodynamic model of the magnetosphere.   Transitioning research models into operations has traditionally been a tremendous hurdle in improving the capabilities of the two space weather forecast centers operated by NOAA and the Air Force.  The goal of the CCMC is to provide a central facility where space weather models can be developed and tested in realistic scenarios until they are ready to be transitioned to operations.  During the development and testing, the models will be used by scientists in conducting space weather research.  The ability to perform runs-on-request for selected events constitutes a great asset to space weather researchers who do not have the resources to implement and run these complex models.  CCMC staff will also work on coupling models from different physical domains, eventually leading to a fully-coupled model that extends from the surface of the sun to the surface of the earth.  The CCMC is an excellent example of interagency partnerships leading to advances in science for societal benefit.

[image: image12.wmf]GLOBEC Initiates Field Investigation for the Coastal Gulf of Alaska. The U.S. Global Ocean Ecosystem Dynamics program (GLOBEC), supported by the NSF and NOAA, initiated a coordinated field investigation for the coastal Gulf of Alaska.  The multidisciplinary research team is investigating the impact of climate variability on the complex linkages of the marine ecosystem and fishery production, particularly salmon, in the Northeast Pacific Ocean.  Climate variability influences ocean circulation through changing wind speed and direction and freshwater runoff from land. In turn, changes in ocean circulation influence the productivity, abundance and shifts in distribution of zooplankton and fish.  Salmon abundance in the Northeast Pacific has undergone large fluctuations over the last 80 years, which may be governed, in part, by large-scale atmospheric-ocean interactions.  Results from research in this area will greatly enhance our understanding of marine ecosystem response to seasonal and inter-annual climate variability. 

The Hawaii Scientific Drilling Project (HSDP).
 This research project is the culmination of more than ten years of scientific review, testing, and analysis directed toward the study of the planetary processes that have produced the Hawaiian Island chain. Scientists from the three lead universities are joined by an international team of earth-science researchers from nearly two dozen universities and research institutes.  The project is designed around a drilling program that will collect a continuous sequence of samples from the now buried lava flows that form the Mauna Kea volcano. The researchers hope to reach a depth of at least 15,000 feet; almost 3 miles beneath the surface. This project is the largest scientific drilling program funded by the Division of Earth Sciences and promises to provide scientists with new insights not only into the origin of Hawaiian volcanism, but also into volcanic hazards, the history of the earth’s magnetic field and groundwater movement deep within the volcanoes. The primary scientific objective of the project is to learn more about the phenomenon known as "mantle plumes", which are jets of very hot, plastic rock material that rise through the interior of the earth from a depth of almost 3,000 kilometers. Mantle plumes are believed to be responsible for the volcanism in Hawaii, which occurs in the middle of one of the large tectonic "plates" that constitute the crust of the earth. 

Indicator 4:  Research and education processes that are synergistic
LARS Activities that Integrate Research and Education.  Most of the research supported through LARS goes towards the support of graduate students and is explicitly relevant to synergistic research and education processes. Almost all of the awards made go towards fulfilling this goal. One additional example comes from the Oklahoma Weather Center (OWC) REU proposal.
 It is bringing 30 undergraduate students, over a three-year period, to Norman Oklahoma to participate in the OWC program. Each student 1) was matched with an atmospheric scientist based upon his/her interest and abilities to conduct research, 2) attended atmospheric science lectures, 3) participated in workshops on topics such as technical writing, numerical modeling, meteorological tools, graduate school preparation, 4) participated in field trips to regional sites, 5) tried various research methods, 6) collected and analyzed data, and 7) present their research results in an formal presentation and a written paper. The NSF REU program was leveraged by incorporating students participating in similar programs sponsored by NSF’s CIRE (Collaboratives for Integration of Research and Education) and DOE’s ORISE (Oak Ridge Institute for Science and Education).

IF Activities that Integrate Research and Education.  Most IF-funded research supports university-based investigators.  The support of education through research assistantships, and student use of IF funded equipment and facilities is important and necessary for training of new scientific talent.  An essential component of graduate training is access to state-of-the-art instrumentation.

Studies of Earth’s Magnetic Field.
  This innovative but high-risk project seeks to better understand the generation mechanism for the Earth’s magnetic field.  The PI and students have been pursuing self-generation of magnetic fields and have borrowed heavily from the technology developed for the fast breeder reactor program, which used sodium and sodium-potassium alloys as heat transfer agents. This project includes construction and successful preliminary research on two distinct dynamo experiments: one rotating convection experiment and one mechanically forced experiment. They have developed a new characterization technique for precision measurements of the magnetic field dynamics.  This successful approach to dynamo action pointed the way to future experiments to achieve dynamo action.  The PIs are developing a new, much larger, device designed to self-generate magnetic fields at physical parameters close to those of the actual Earth. This new device will drive liquid sodium to flow in a three-meter spherical tank.  The tank and the enclosed propellers rotate independently to drive a sodium flow to stretch and amplify magnetic fields. The goal is to better understand the mechanisms that determine the strength of the Earth’s field, as well as to characterize the dynamics of magnetic field reversals. New experiments are planned to better characterize the fluctuations in the magnetic field and the fluid velocity, including ultrasound velocimetry, spherical magnetic field sensors, and a magnetic field imaging array. This scientific exploration seeks to shed light on the dynamics of field self-generation on a wide variety of objects showing active fields (the Earth, the Sun, Jupiter, Saturn, Io) as well as those lacking self-generation such as Venus.
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Web Site Links Classrooms and Scientists During Major Expedition.
 In the spring of 2001, NSF funded an interdisciplinary team of 34 scientists, technicians and engineers to explore a newly discovered vent field in the Indian Ocean by collecting biological samples and samples of vent and smoker fluid and plumes, rocks and sediment samples from the seafloor, and by precisely mapping the area. Findings of new hydrothermal vent animals and ancient bacteria may help scientists better explain how and whether the fauna living at hydrothermal vents in the Atlantic and Pacific Oceans are genetically related. The research expedition was fully integrated with an educational component entitled "Dive and Discover," co-funded with the Woods Hole Oceanographic Institution and Ohio's Center of Science and Industry. "Dive and Discover" involved live webcasts, interactive opportunities between students and scientists, and companion materials that assisted teachers in explaining the science and technology behind the cruise. The Indian Ocean expedition was one of a series of field expeditions in the Pacific and Indian Oceans from 1999-2001 during which more than 2 million people (including 10,000 students and teachers) from five countries and territories participated.

TOOLS

OUTCOME GOAL III: Providing “broadly accessible, state-of-the-art information-bases and shared research and education tools.”

FY 2001 Performance Goal III:  NSF's performance is successful when, in the aggregate, results reported in the period demonstrate significant achievement for one or more of the following indicators:
· Shared use platforms, facilities, instruments, and databases that enable discovery and enhance the productivity and effectiveness of the science and engineering workforce;

· Networking and connectivity that take full advantage of the Internet and make SMET information available to all citizens; and

· Information and policy analyses that contribute to the effective use of science and engineering resources.
COV Comments on FY 2001 Achievement

Lower Atmospheric Research Section:  The COV concluded that there are many instances where shared used tools are both being developed and being used to enhance the development of science. The COV judges that LARS has been successful in this arena as well.

Instrumentation & Facilities Program:  The COV concluded that the IF program successfully met this goal.  For example, IF supports multi-user facilities across the entire range of earth science activities.  Almost three-quarters of IF funding is directed at supported these facilities.

Advisory Committee Rating of GEO Performance

At its November 1-2, 20010 meetings, the GEO Advisory Committee judged the Directorate successful in meeting the outcome goal for “tools.”

Indicator 1: Shared use platforms, facilities, instruments, and databases that enable discovery and enhance the productivity and effectiveness of the science and engineering workforce
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Prototype Incoherent Scatter Radar Constructed.
  A small array of antenna elements has been constructed for testing at SRI in Menlo Park.  The tests are to demonstrate the feasibility of constructing a large phased-array incoherent scatter radar that can easily be disassembled and moved to different locations.  The most basic element in the design is the Antenna Element Unity (AEU), which consists of a power amplifier, polarization and transmit/receive circuitry, an antenna, a low noise amplifier, calibration paths, and control and monitoring electronics.  Thirty-two identical AEUs are placed in fixed locations on a panel, with multiple panels typically combined to form a face.  

The antenna has been used in a receive-only configuration to test the antenna lobe pattern.  The unit was used to track radio emissions from the sun during a solar transit, with the results demonstrating that the antenna reception is as designed. 

IF Support of Shared-Use Platforms, Facilities, Instruments, and Databases.  The IF program supports multi-user facilities across the whole range of activities in the earth sciences.  Fully seventy percent of IF funding goes for support of these multi-user facilities.  For example, the IRIS program, made up of consortium of 96 research universities, with global partners, operates fixed and portable seismometers throughout the world.  Data from this network, accessible to any interested party, has been the basis for articles in leading journals in the earth sciences and all science, such as Nature
 and Science.
  Another network with a global character is the University NAVSTAR consortium (UNAVCO), which operates a network of GPS stations.  UNAVCO data were used to demonstrate the applicability of GPS data for determining absolute convergence rates of plates.
  Both IRIS and UNAVCO provide data to the community, including Internet distributed data.

NSF-Supported ION Microprobe Reveals Ancient Ocean.
  Harrison, Mojzsis and coworkers analyzed ancient minerals from Western Australia that are more than 4 billion years old using the shared-use IMS-1270 ion microprobe at the Keck Foundation Center for Isotope Geochemistry at UCLA.  The Center is supported by the Division of Earth Sciences as a national multi-user facility.  The researchers report in the journal Nature that their U-Pb geochronologic and oxygen isotope data are consistent with the presence of a hydrosphere on Earth by 4,300 million years ago, a mere 200 million years after the formation of the Earth and Moon.  This discovery is extremely important as liquid water, a source of energy, and organic raw materials are assumed to be necessary for the origin and propagation of life.  These results raise the possibility that a biosphere could have arisen on Earth at least 400 million years earlier than originally thought.
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ALVIN Refurbished with Eye to Replacement.
 The manned deep-sea submersible operated by WHOI’s National Deep Submergence Facility underwent a major overhaul and recertification in 2001. The ALVIN, which began operating in 1964, has been an extraordinary tool for exploring the deep ocean. A design study for an ALVIN replacement with greater depth capabilities also was funded this year.

Indicator 2: Networking and connectivity that take full advantage of the Internet and make SMET information available to all citizens

Web100 Software.
  Web100 project Universities, research centers, and some businesses today have connections capable of transmitting data at 100 megabits per second (Mbps) or higher. Research has shown, however, that users rarely see performance greater than 3 Mbps. New Web100 software, developed jointly by the National Center for Atmospheric Research (NCAR), the Pittsburgh Supercomputing Center, and the National Center for Supercomputing Applications, with funding from NSF, will allow users to take full advantage of available network bandwidth without the help of a networking expert. Web100 researchers traced the problem of poor performance to software that governs the Transmission Control Protocol (TCP). Networking experts are able to overcome this limit by fine-tuning connections with adjustments to TCP. This type of “middleware” can help us use existing resources more efficiently.  

Researchers Gain Access to Sustained Scientific Observations from the Seafloor Through the Development and Installation of Cabled Seafloor Observatories.
  Most oceanographic observations have traditionally been made from ships or boats where samples are collected or observations made for limited time periods.  Sustained [image: image16.png]


observations over long time periods, and during adverse weather when measurements might be highly meaningful, have not been practical. However, as the field of ocean sciences develops, sustained observations are increasingly important.  New technological capabilities now enable time-series measurements on the seafloor to study multiple inter-related properties, variables, and processes over a range of time scales and, in some cases, to conduct in-situ experiments.  Autonomous seafloor observatories, connected to shore via telecommunications cables, accommodate a wide range of sensors and instrumentation. With support from a Major Research Instrumentation award, a near-shore observatory off Martha’s Vineyard became operational in 2001. Real-time data on coastal storms, on sediment transport and its effect on coastal marine life, and on the impact of winds on shoreline processes can now be made available.   

Lower Atmospheric Research Section Highlights.  Although shared use facilities, instruments and databases are not generally provided through LARS, the Climate Dynamics Program has specifically supported part of the development of the Community Climate System Model (CCSM). This community model is used in support of the scientific international and national assessments and projections of climate change as well as for a wide range of discoveries regarding climate change and variability. It is administered by NCAR, but developed through a community-wide effort involving a large number of University CDP-supported investigators. 

Science databases have been created out of several projects supported by the CDP.  For example, the Global Geocryological Database project identified, acquired, and disseminated permafrost and frozen ground data.
  These data have been transferred to the World Data Center.  A second data set is a unique high quality time series record for the tropics and includes in-situ surface fluxes of heat, freshwater and momentum collection on the Woods Hole Oceanographic Institution Improved Meteorological Instrumentation (WHOI IMET) buoy.

Instrumentation & Facilities Program Highlights.  By funding state-of-the-art instruments and support personnel, this program is the engine driving much of the research in the earth sciences and cosmochemistry, and even some defense sciences.  Currently, researchers from all over the world oversubscribe instrumental time on each of the major facilities that are funded by the IF program.  The program has also supported data treatment software and data bases used by scientists both within and outside of the earth sciences, such as the effort by Ken Ludwig
 and the GERM data base.

Indicator 3:  Information and policy analyses that contribute to the effective use of science and engineering resources
Although this indicator primarily refers to the activities of a specific NSF division, GEO supports many activities that inform policy makers and lead to more effective decision making.

IF Highlights.  Although the IF program does not perform policy analysis, it supports workshops that lead to greater dissemination of scientific knowledge and could indirectly affect policy analysis.  Specific examples include support for the workshop on Mineral Physics and Earth Materials Research
 and the GERM Workshops.

The Selenium Problem: land use and water quality.
  Hydrologic events, such as droughts or flooding of fresh water into saline estuaries, can cause substantial ecological changes on regional scales, and long-term hydrologic and land-use problems can impact life and society.  One such environmental problem that has reached critical proportions is the accumulation of selenium in ponds and wetlands receiving irrigation drainage in the arid climates of the western United States.  In order to deal with this issue, the Earth Sciences Division has supported a geochemical investigation leading to a better understanding of the extent to which the selenium comes from sources associated with irrigation and a way to track the success of remediation programs.  This research developed use of a stable isotope ratio as a new tool to identify selenium sources and monitor biogeochemical reactions involving selenium.  This new method was used to study the extent to which chemical reactions removed selenium from waters in San Francisco Bay and will help to set new standards for measuring the effectiveness of alternative removal mechanisms.
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Societal changes and flood damage.  Societal changes, much more than increased precipitation, spurred a steep rise in flood-damage costs in the United States over much of the past century, according to a study published October 2000 in the Journal of Climate. U.S. annual flood losses, adjusted for inflation, rose from $1 billion in the 1940s to $5 billion in the 1990s. According to the authors, Roger Pielke Jr. and Mary Downton, at the National Center for Atmospheric Research, climate plays an important but by no means determining role in the growth of damaging floods in the United States in recent decades.
  

Pielke and Downton examined ten different measures of precipitation. They found a strong relationship between flood damage and the number of two-day heavy rainfall events and wet days. However, these relationships could not explain the dramatic growth in flood losses. 

In a series of related articles, Pielke, Downton, and colleagues looked at the role of increasing precipitation, population, and national wealth. They found that population growth alone accounts for 43 percent of the rise in flood damages from 1932 to 1997, with a much smaller effect from increased precipitation. Most of the other 57 percent increase is due to burgeoning national wealth, say the authors. More detailed disaster reporting also contributes to the trend. Even without an increase in precipitation, they conclude, total flood damage will continue to rise with the nation's growing population and wealth unless actions are taken to reduce vulnerability.

GEO Performance in Support of Management and Investment Goals
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Investment Goals

Performance Area:  Use of Merit Review
The NSF-wide goal is at least 85 percent of NSF funds will be allocated to projects reviewed by appropriate peers external to NSF and selected through a merit-based competitive process.

In FY 2001, about 75 percent of GEO projects were merit-reviewed with competitive selection and external peer evaluation, up from 68 percent in FY 2000.  OMB guidelines have a significant impact on GEO’s performance and are the reason that GEO is not meeting the NSF goal.  OMB no longer considers Federally-funded Research and Development Centers (FFRDC), such as NCAR, to be merit-reviewed so it is not included in the numerator even through NSF requires NCAR to undergo a rigorous peer review process for renewal.

Performance Area:  Implementation of Merit Review Criteria— Reviewers

NSF performance in implementation of the merit review criteria is successful when reviewers address the elements of both generic review criteria. 

The Committee of Visitors reviewing the Lower Atmospheric Research Section (LARS) of ATM reviewed 153 proposal actions from Fiscal Years 1999 – 2001.  The COV noted that reviewers effectively used review criteria 1 (Intellectual Merit), and increasingly are explicitly using criteria 2 (Broader Impacts).  There were differences across the programs reviewed, with the COV finding that in one program “…most of the proposals originating in 2001 do address these broader issues” and in another that “many reviewers did not address or only gave superficial answers to the broader impacts criterion.”  In general, however, the COV was positive about the inroads made in reviewer use of criteria 2.

The Committee of Visitors reviewing the Instrumentation and Facilities Program (IF) found that very few reviewers addressed broader impacts in reviews for FY 1998-FY 2000.  In FY 2001 though, dramatic improvements had been made:  “Because the Fastlane review page displays a "broader impact" text box, [the COV…] found that nearly all reviewers … address this issue to some degree whether the proposal has addressed it or not.  Clearly, this is an area that has dramatically improved very quickly, and is perhaps one of the unexpected benefits of Fastlane.”

Performance Area:  Implementation of Merit Review Criteria— Program Officers

NSF performance in implementation of the merit review criteria is successful when program officers address the elements of both generic review criteria when making their award decisions.

The Committee of Visitors reviewing the Lower Atmospheric Research Section (LARS) of ATM reviewed 153 proposal actions from Fiscal Years 1999-2001.  The COV noted that Program Officers effectively used review criteria 1 (Intellectual Merit), and increasingly are explicitly using criteria 2 (Broader Impacts).  It was noted that in 2001, several program officers were consistently including explicit reference to criteria 2 in their review documentation.

The Committee of Visitors reviewing the Instrumentation and Facilities Program (IF) found a similar trend in program officer reviews as the one for reviewers:  whereas in years prior to FY 2001, little mention was made of the broader impacts of research, in FY 2001, this trend has reversed.  For example, over 90 percent of the reviews for one program officer analyzed the broader impacts in the review form.

Performance Area:  Customer Service – Time to Prepare Proposals

The NSF-wide goal is that ninety-five percent of program announcements and solicitations be available at least three months prior to proposal deadlines and target dates.

The Directorate issued six program announcements in FY 2001, five—83 percent—were available three or more months prior to the deadline date.

Performance Area:  Customer Service – Time to Decision

The NSF-wide goal is that seventy percent of proposals be processed within six months of receipt.

In FY 2001, about 58 percent of GEO proposals were processed within six months, the same percent as in FY 2000.

GEO has made some progress toward meeting this goal but still needs to take additional steps.  As such, GEO Divisions not meeting this NSF goal are evaluating their internal processes to ensure it is met in the future.

Performance Area:  Award Size and Duration
NSF will increase the average annualized award size for research projects to $110,000.

NSF will increase the average duration of awards for research projects to at least three years.  

The average annualized size of GEO research grants in FY 2001 was $97,772, up from $96,689 in FY 2000.  The average duration of GEO research grants in FY 2001 was 2.7 years, the same as FY 2000.

Performance Area:  Maintaining Openness in the System

The NSF-wide goal is that thirty percent of competitive research grants be awarded to new investigators.  A new investigator is defined as a Principal Investigator (PI) who has not had an NSF award in the same or prior years.

In GEO, the percentage of awards to new investigators was 18 percent in FY 2001, unchanged from that in FY 2000.   However, only 26 percent of the proposals submitted to GEO are from new investigators.  While new PIs in GEO have a lower overall funding rate than PIs with prior support, this is the case across NSF, and there is no appearance of undue bias against new investigators in GEO.   New PIs in GEO generally have a higher funding rate then they do for NSF overall.  For example, the funding rate for new GEO PIs was 30 percent in FY 2001, compared to 23 percent for NSF as a whole.
  

GEO is concerned about increasing participation in all aspects of geoscience education and research.   In FY 2001 the Directorate initiated a program to address underrepresentation of certain groups across the geosciences and to promote an understanding of the geosciences and their contributions to society by a broad and diverse segment of the population. 

Performance Area:  Construction and Upgrade of Facilities
· 90% of facilities within 110% of estimated annual cost.

· 90% of facilities meet all annual milestones by end of reporting period .

· For all construction and upgrade projects initiated after 1996, keep total costs with 110 percent of estimates made at the initiation of construction.

Currently, GEO has two construction projects: the NCAR Mesa Laboratory Refurbishment project and the High-Performance Instrumented Airborne Platform for Environmental Research (HIAPER).  Both projects are within their annual expenditure plan schedules.

Performance Area:  Operations and Management of Facilities

90% of facilities with less than 10% of total scheduled operating time lost.

Twelve of the NSF-funded facilities reporting data on operations are funded by GEO:  Incorporated Research Institutions for Seismology,  UNOLS—Academic Research Fleet, UCAR Unidata Program, the Millstone Hill Observatory, National Ocean Sciences Accelerator Mass Spectrometry Facility, Sondrestrom, NCAR’s Atmopsheric Technology Division, NCAR’s Scientific Computer Division, GeoSoilEnviroCARS—Sychrotron Radiation Beamlines at the APS, the Jicamarca Radio Observatory, the Ocean Drilling Program, and University NAVSTAR Consortium.  Collectively, unscheduled downtime consumed .01 percent of scheduled operations. 

Management Goals

Performance Area: NSF Staff Diversity

The NSF-wide goal is to show an increase over 1997 in the total number of hires to science and engineering (S&E) positions from underrepresented groups.

In 1997, the GEO Directorate made two hires; none were female or members of underrepresented racial/ethnic groups.  Through the fourth quarter of FY 2001, eight program officers entered duty—three were female and two were of Hispanic origin.

Table 2.  GEO Contributions to NSF Outcome Goals





Outcome Goals�
�
People - Development of "a diverse, internationally competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens."�
�
�
Improved mathematics, science, and technology skills for U.S. students at the K-12 level and for citizens of all ages.�
A science and technology and instructional workforce that reflects America's diversity.�
Globally engaged science and engineering professionals who are among the best in the world.�
A public that is provided access to the benefits of science and engineering research and education.�
Overall


Rating


For


Goal by


COV�
�
ATM/LARS COV�



�
�
�
�
Successful�
�
EAR/IF COV�
�
�
�
�
Successful�
�
AC/GEO Directorate Rating�
Successful with explanation�
Successful with explanation�
Successful�
Successful�
Successful�
�
Ideas -- Enabling "discovery across the frontier of science and engineering, connected to learning, innovation, and service to society."�
�
�
A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning.


�
Discoveries that advance the frontiers of science, engineering and technology.�
Partnerships connecting discovery to innovation, learning, and societal advancement.�
Research and education processes that are synergistic.�
Overall


Rating


For


Goal by


COV�
�
ATM/LARS COV�
�
�
�
�
Successful�
�
EAR/IF COV�
�
�
�
�
Successful�
�
AC/GEO Directorate Rating�
Successful�
Successful�
Successful�
Successful�
Successful�
�
Tools -- Providing "broadly accessible, state-of-the-art information-bases and shared research and education tools."�
�
�
Shared-use platforms, facilities, instruments, and databases that enable discovery and enhance the productivity and effectiveness of the science and engineering workforce.�
Networking and connectivity that take full advantage of the Internet and make science, mathematics, engineering and technology information available to all citizens�
Information and policy analyses that contribute to the effective use of science and engineering resources.�
Overall


Rating


For


Goal by


COV�
�
ATM/LARS COV�
�
�
�
Successful�
�
EAR/IF COV�
�
�
�
Successful�
�
AC/GEO Directorate Rating�
Successful�
Successful�
Does Not Apply�
Successful�
�









FY 2001�
�
ATM�
Lower Atmospheric Research Section�
�
EAR�
Instrumentation & Facilities Program�
�
FY 2002�
�
ATM�
Upper Atmospheric Research Section�
�
EAR�
Earth Science Research Support (except IF)�
�
OCE�
Integrative Programs Section�
�
FY 2003�
�
ATM�
UCAR and Lower Atmospheric Facilities Oversight Section�
�
OCE�
Ocean Section�
�
OCE�
Marine Geosciences Section�
�
GEO�
Education & Diversity Programs�
�
FY 2004�
�
ATM�
Lower Atmospheric Research Section�
�
EAR�
Instrumentation & Facilities Program�
�



Table 1. GEO Committee of Visitor Schedule for FY 2001 to 2004



































This diagram shows seafloor earthquakes that occurred over a two-week period plotted on top of detailed bathymetry of the northern Juan de Fuca Ridge.








Table 4.  GEO Performance on Investment and Management Goals





Proposal and Award Process Goals�
�
Goal�
NSF-Wide Goal�
GEO Performance�
�
Electronic Proposal Submission


�
At least 95%�
99%�
�
Use of Merit Review—% Funding to Merit Reviewed Projects�
At least 85%�
(1)�
�
Use of Both Merit Review Criteria


Reviewers�
Use Merit Criteria 1 (scientific merit) and 2 (broader impacts) �
LARS & IF COV review:  Much improved use in FY 2001�
�
Use of Both Merit Review Criteria


Program Officers�
Use Merit Criteria 1 (scientific merit) and 2 (broader impacts)�
LARS & IF COV review:  Much improved use in FY 2001�
�
Time to Prepare Proposals—Announcements Available for 3 months�
95%�
100%�
�
Time to Decision—NSF Process in 6 months�
70%�
58%�
�
Maintaining Openness in the System—% of Awards to New Investigators�



30%�



18%�
�
Award Size�
$110,000�
$97,772 (up from $96,689 in FY 2000)�
�
Award Duration�
3.0 years�
2.7 years (unchanged from FY 2000)�
�



Facilities Oversight Construction and Upgrade�
Construction: no more than 110% of annual schedule and expenditures


Operations:  Less than 10% total operating time lost to unscheduled downtime�
Construction: At or less than 100% of annual schedules and expenditures


Operations:  Less than .01% of total operating time�
�
Management Goals�
�



NSF Staff Diversity�
More hires than 1997 in underrepresented groups�
No hires in 1997 from underrepresented groups; in 2001, 3 hires were female and 2 were from minority groups out of 8 total hires�
�



(1) Changes in OMB guidelines have a significant impact on GEO.  OMB no longer considers Federally-funded Research and Development Centers (FFRDC), such as NCAR, to be merit-reviewed so it is not included in the numerator even through NSF requires NCAR to undergo a rigorous peer review process for renewal.   Further, OMB includes Ship Operations—which are not merit-reviewed—in the base calculation.
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�In FY 1999, the National Science Foundation accounted for 51 percent of federal obligations for basic research in the environmental sciences performed at universities and colleges.  National Science Foundation, Division of Science Resources Studies, Federal Funds for Research and Development: Fiscal Years 1999, 2000, 2001, Volume 49, NSF 01-328, Table C-65.


� James Cowen, Time-Series Response to Mid-Ocean Ridge Volcanic Event: Juan de Fuca and Gorda�Ridges,  OCE 98-12294.


� Michael Bender, Net and Gross Production in the Equatorial Pacific Based on the Concentration�and Isotopic Composition of Dissolved O2, OCE 00-82324 and The Distribution of Oxygen in Air: Implications for the Global Carbon Cycle, ATM 99-11319.


� Xuhui Lee, A Career Development Plan: Nocturnal Atmospheric Exchange Over Forests,  ATM 96-29497.


� Report of the Instrumentation and Facilities (IF) Committee of Visitors, October 24-26, 2001, Arlington, Virginia, p. 19.


� National Science Foundation, NSF Geosciences Beyond 2000, Understanding and Predicting Earth’s Environment and Habitability, NSF 00-27.


� Gregory Jenkins, Investigating Climate Variability and Climate Change in West Africa Using Coupled Global-Regional Climate Models, ATM 01-08865.


� Donald Weidner, Center for High Pressure Research, EAR 89-20239.


� Karl Wirth, Acquisition of an XRF for Geochemical Research on the Earth's Crust and Mantle�for Multidisciplinary Chemical Research, EAR 96-01475.


� Alexander Gates, Geoscience Education in Public Parks: Harriman State Park, NY, GEO 01-22011.


� David Lindberg, Geosciences in Alaska Field Explorations and Research for K-12 Teachers, GEO 01-21841.


� Paul Dusenbery, Space Weather Outreach,  ATM 96-15624.


� Robert Phinney, Princeton Earth Physics Program: Establishing an Effective and Productive Network, REC 01-28865 and Gary Pavlis, Princeton Earth Physics Program Instrument Center, REC 01-26861.


� Susan Kieffer, Science: Day-by-Day, Life-by-Life, Community-by-Community,  EAR 98-15486.





� The budget for the Opportunities for Enhancing Diversity in the Geosciences  program in FY 2001 was approximately $3 million.  The competition received 78 proposals and had a success rate of 20.5 percent.


� Philip J. Gerla, INGEOS Indians Into Geological Sciences, GEO 01-19849.


� Kim A. Kastens, Building Diversity in, and through, Environmental Journalism, GEO 01-20207.


� Elizabeth Ambos, The CSULB Geoscience Diversity Enhancement Program (G-DEP), GEO 01-19891.


� Richard Anthes, Operation of the National Center for Atmospheric Research and Support of Other Scientific Activities, ATM 97-32665.


� Gerald Grams, REU Site: Earth System Science at Clark Atlanta University, ATM 97-32357.


� Paul Krehbiel, Lightning and Thunderstorm Studies, ATM 99-12073,  and Steven Rutledge, Dynamical, Microphysical and Electrical Studies of Convection in STEPS, ATM 99-12051.


� Nicholas Pingitore, Acquisition of X-Ray Flourescence Instrumentation for Archaeological, Geological, and Environmental Research and Training, EAR 96-01715.


�Joan Willey, RUI: Iron Speciation in Rainwater: The Influence of Organic Complexation, Photochemistry, and Redox-Active Trace Constituents, ATM 00-96878 and Robert Keiber, RUI: Temporal Variability of Iron Speciation in Rain, ATM 97-29425.


� Brian Bingham, Minorities in Marine Science Undergraduate Program (MIMSUP) at the Shannon Point�Marine Center, OCE 97-29316.


� Ronald Prinn, International Global Atmospheric Chemistry (IGAC) Core Project Office, ATM 99-08980.


� Will Steffen, Past Global Changes - PAGES A Core Project of the International Geosphere-Biosphere Programme, IGBP, ATM 98-03960.


� David Simpson, IRIS 2000: A Science Facility for Studying Dynamics of the Solid Earth, EAR-9843924 and EAR-0126534.


� Randolph Ware, Support of UNAVCO and Related Activities, EAR 98-40963 and EAR 01-02250.


� Subir Banerjee, Continuation of a Facility: Institute for Rock Magnetism, EAR 98-18704.


� Roger Wakimoto, Mesoscale Studies of Convection, Tornadogenesis, and Fronts, ATM 98-01720, William Lewellyn, Modeling Tornado Vortex Evolution, ATM 98-76450, Howard Bluestein, Studies of Severe Convective Storms and Tornadoes, ATM 99-12097, Andrew Pazmany, Dual Frequency Doppler Radar Observations of Tornadoes ATM 00-00592, and Erik Rasmussen, Concentrating Vorticity Near the Ground: An Investigation of the Interaction of Precipitation Processes and Flow Dynamics in Supercells and Other Severe Thunderstorms, ATM 00-03869.


� Kelvin Droegemeier, National Symposium on the Great Plains Tornado Outbreak of May 3, 1999; Oklahoma�City, Oklahoma; April 30-May 3, 2000, ATM 00-02255


� M. Meghan Miller, Upgrading of the Pacific Northwest Geodetic Array (PANGA): Infrastructure and Data Analysis Facility, Central Washington University,  EAR 00-02066, M. Meghan Miller, Collab Res: Development of Pacific Northwest Geodetic Array (PANGA) by CWU and UW and Data Analysis Facility at CWU: Monitoring North America-Juan de Fuca-Pacific Plate Interaction, EAR 96-15640, and Anthony Qamar, Collab Res: Development of Pacific Northwest Geodetic Array (PANGA) by CWU and UW and Data Analysis Facility at CWU: Monitoring North America-Juan de Fuca-Pacific Plate Interaction, EAR 96-16302


� Yehuda Bock, Collaborative Research: Fundamental Support for GPS Research - UNAVCO Facilities, EAR 98-13700


� Barbara Romanowicz, Integrated Instrumentation for Broadband Observations of Plate Boundary�Deformation, EAR 99-77823.


� Randolph Ware, Support of UNAVCO and Related Activities, EAR 98-40963 and EAR 01-02250.


� Philip Scherrer, Dynamic Solar Magnetic and Velocity Fields,  ATM 97-27274.


�David Fulker, Core Integration Services for a Federated NSDL, EAR 00-86100.


� Paul Davidovits, Laboratory Studies of Heterogeneous/Multiphase Interactions of Atmospheric Trace�Gases and Aerosols, ATM 99-05551.


� Jagadish Shukla, Predictability and Variability of the Present Climate, ATM 98-14295, Michael Ghil, Climate System Dynamics on Long Time Scales, ATM 00-82131, and Richard Kleeman, Predictability of ENSO, ATM 00-71342.


� Paul Goldsmith, Space and Atmospheric Sciences at the Arecibo Observatory,  ATM 00-02457. 


� Richard Carlson, Collaborative Research: Anatomy of an Archean Craton: The Evolution of the South�African Continental Lithosphere, EAR 95-26840 and Timothy Grove, Collaborative Research: The Anatomy of an Archean Craton: The Evolution of the South African Continental Lithosphere, EAR 95-26702.


� Geophysical Research Letters, 28, 2485-2516, 2001.


� Robert Pinkel, Hawaii Ocean Mixing Experiment: Nearfield Program: Observations of Internal Wave�Propagation and Overturning, OCE 98-19529.


� Steven Feldstein, The Life Cycle Dynamics of Teleconnection Patterns, ATM 00-03039.


� Yan Chen, POWRE: Supermodularity of Nash-Efficient Public Goods Mechanism: Theory and�Experiments, ATM 98-05586.


� Walter Robinson, Collaborative Research: A Diagnostic and Modeling Study of Stratosphere-Troposphere Coupling in the Arctic Oscillation, ATM 00-01325 and Mark Baldwin, Stratosphere-Troposphere Coupling Studies, ATM 00-02485.


� Gavin Schmidt, Stratospheric and Oceanic Contribution to Atlantic Decadal Climate Variability,ATM 00-02267 and Lisa Sloan, Global and Hemisphere Implications of Anthropogenically-forced Arctic Atmospheric Circulation, ATM 01-16941.


� Nature (409:175, 409:178).


� John Valley, Acquisition of an Electron Microprobe, EAR 92-06456, John Valley, Microanalysis of Oxygen Isotope Ratios in Zircon, EAR 99-02973 and T. Mark Harrison, Support of an Ion Microprobe Facility, EAR 98-06639.


�  Donna Blackman, Collaborative Research: Near-Bottom Geological and Geophysical Investigation of�an 'Ocean Core Complex': Eastern Atlantis Ridge-Transform Intersection Massif, OCE 97-12164, Deborah Kelley, Collaborative Research: Near Bottom Geological and Geophysical Investigation of a Possible "Oceanic Core Complex": Eastern Atlantis Ridge-Transform Insection Massif, OCE 97-12549, and Jeffrey Karson, Collaborative Research: Near-Bottom Geological and Geophysical Investigation of an 'Ocean Core Complex': Eastern Atlantis Ridge-Transform Intersection Massif,  OCE 97-12430.


� Richard Anthes, Operation of the National Center for Atmospheric Research and Support of Other Scientific Activities, ATM 97-32665.


� Russell Vreeland and William Rosenzweig (West Chester State University) and Timothy Lowenstein (State University of New York at Binghamton), LEXEN: Paleobiology of Ancient Salt Formations: Examinations of Primary Crystals for Biological Materials, EAR 00-85371.


� Andrew Cohen, Development of an REU Site for Tropical Limnology Associated With the International Decade of East African Lakes (IDEAL) Program, ATM 96-19458.


� David Simpson, Exploring the Earth at High Resolution: The IRIS 2005 Program Plan, EAR 00-04370.


� Michael Hesse, The Community Coordinated Modeling Center, ATM 99-09921.


� Donald Thomas, Collaborative Research: Scientific Drilling in Hawaii: Physics and Chemistry of Mantle Plumes, EAR 95-28534, Donald DePaolo, Collaborative Research: Scientific Drilling in Hawaii: Physics and Chemistry of Mantle Plumes EAR 95-28544, and Edward Stolper, Collaborative Research: Scientific Drilling in Hawaii: Physics and Chemistry of�Mantle Plumes, EAR 95-28594.


� Kelvin Drogemeier, Research Experiences for Undergraduates at the Oklahoma Weather Center, ATM 98-20587 and Daphne Zaras,  Research Experiences for Undergraduates on Site at the Oklahoma Weather Center, ATM 00-97651.


� Daniel Lathrop, Development of an Experimental Dynamo: Self-Generating Magnetic Fields from a�Liquid Metal, EAR 97-96295, Daniel Lathrop, MRI: Development Of A Three-Meter Liquid Sodium Geodynamo Model, EAR 01-16129.


� Cindy Van Dover, Characterization of an Indian Ocean Hydrothermal Vent -- CIR 24 degrees S:�Biogeography and Ecology Within a Geochemical and Geological Context, OCE 97-12358 and Daniel Fornari, Assessing Inner Space Through Exploration of the Deep Sea Floor Facilitating Education and Outreach Through Scientific Discovery, EAR 99-07680.


�John Kelly, Advanced Modular Atmospheric Incoherent Scatter Radar (AMISR)-Phase II, ATM 00-89937.


� Nature, v. 411, 2001.


� Science, v. 285, 1999.


�Randolph Ware, Support of UNAVCO and Related Activities, EAR 94-05501 and Science 279 (1998).


� T. Mark Harrison, Support of an Ion Microprobe Facility, EAR 98-06639; Kevin McKeegan, Support of an Ion Microprobe Facility, EAR 01-13563; and S.J. Mojzsis, S.J., Harrison, T.M., and Pidgeon, R.T. (2001),  Oxygen-isotope evidence from ancient zircons for liquid water at the Earth’s surface 4,300 Myr ago,  Nature, v. 409, p. 178-181.


� Barrie Walden, A Replacement 6000+ Meter Human Occupied Submersible for Ocean Research to be�Operated by the United States National Deep Submergence Facility, OCE 01-20490.


� Gwendolyn Huntoon, Web100: Facilitating Effective and Transparent Network Use, ANI  00-83285.


� James Edson, Development of a Nearshore Observatory for Meteorological and Oceanographic�Studies, OCE 98-71120.


� Roger Barry, Implementation of a Pilot Global Geocryological Database at WDC-A Glaciology, ATM 95-28007.


� Robert Weller, Surface Forcing and Upper Ocean Response in the Western Equatorial Pacific Warm Pool, ATM 95-25844.


� Kenneth Ludwig, Development of a Computer Program for Mathemataical and Graphical Treatment of�Radiogenic-Isotope Data, EAR 97-22719.


� Hubertus Staudigel, Geochemical Earth Reference Model: GERM Workshop and Development of GERM Data Base, EAR 00-00998.


� Alexandra Navrotsky, Workshop on Mineral Physics and Earth Materials Research, May 1999, EAR 99-07269.


� Hubertus Staudigel, Geochemical Earth Reference Model: GERM Workshop and Development of GERM Data Base, EAR 00-00998.


� Thomas Johnson, Collaborative Research: Selenium Stable Isotopes as Indicators of Selenium Transport and Cycling, 


EAR 97-25799.
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