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EXECUTIVE SUMMARY

The Committee of Visitors (COV) for Long-Term Projects in Environmental Biology reviewed the management of programs, the allocation of funds and awards, and their achievements with respect to the objectives of the National Science Foundation, the Directorate of Biological Sciences, and the Division of Environmental Biology (DEB). These projects include Long-Term Environmental Research (LTER), Long-Term Research in Environmental Biology (LTREB), and Cross-Site Investigations. 

Overall, the COV believes that the administration and management of LTER/LTREB programs have been superb. We recognize that long-term projects can be challenging to oversee in part because they require a combination of both traditional and novel methods of evaluation and oversight. Our assessment of the performance of these programs over the last three years gives every indication that these long-term projects are successful by a number of measures and are a major contributor to the achievements of the DEB.

The Program Officers and staff for long-term projects have demonstrated a very high level of dedication to the success of these programs.  They have responded quickly to issues and concerns raised by the larger scientific community, both from formal input from previous COV reviews and via informal input of individual PIs and at meetings and workshops.  The COV finds that review procedures – including both reviews of new proposals and evaluations of previously-funded projects – have been administered fairly and thoroughly through an appropriate combination of ad hoc and panel reviews.  From our assessment, the COV has every confidence that the highest quality science is being solicited and funded by the LTER/LTREB programs. The expansion of the LTER network from 18 to 24 sites through the addition of six new sites (2 urban, 4 coastal) in the last three years has greatly expanded both the scope and the magnitude of long-term programs. All of these new sites are co-funded with other directorates and incorporate new standards for interdisciplinary research.  We commend the Program Officers and staff for their innovations in continuing to nurture these long-term programs.

We also commend the DEB for the detailed responses to the report of the previous COV, which was submitted in May 1997. We particularly appreciate the efforts made by the Program Officers and staff to assist the Committee in its assessment. These efforts included the development of a COV website that provided rapid access to helpful documents and statistics, and the facilitation of all aspects of the COVs visit to NSF.  We recommend this approach be continued for all future COVs.

Below, we outline what we believe are the major achievements of long-term projects in environmental biology over the past three years, and our primary recommendations for the management and implementation of these programs.

MAJOR ACHIEVEMENTS

The investments by NSF in long-term ecological research have been fruitful in a number of ways. In particular, LTER and LTREB projects have led not only to ground-breaking science, but also to fundamental changes in environmental policy and management. For example, long-term data from the Hubbard Brook Experimental Forest has guided Clean Air Act legislation. Long-term research on disease ecology at the Institute of Ecosystem Studies (Lyme disease) and the Sevilleta LTER site (Hantavirus) have had important applications for public health policy. In addition, long-term data from NSF-funded projects have laid the groundwork for studies in biodiversity and biocomplexity, and have provided some of the data demonstrating the long-term biotic consequences of climate change. 

In addition to numerous scientific achievements, long-term projects have made contributions through:

· Scientific discovery. Significant scientific advances and discoveries were made by LTER, LTREB and cross-site studies.  This is discussed at length in Section 6.

· Synthesis. The increased emphasis on synthesis by LTER investigators has led to a variety of new efforts, including the production of new synthesis volumes being published by Oxford University Press and the increased sharing of data throughout the LTER network. In addition, the Cross-site grants awarded in 2000 are fostering integration of data from LTER and non-LTER sites. The NSF-funded National Center for Ecological Analysis and Synthesis (NCEAS) has also been important in this effort as well by serving as both a model for and a facilitator of synthesis efforts.

· Interdisciplinary investigations. The LTER sites, which were originally established for the purpose of collecting long-term ecological data, have in many cases expanded their roles to include research and collaborations in non-ecological fields, including sociology and education. This is exemplified by the two new urban LTER sites in Phoenix and Baltimore. 

· Sociology and culture of teamwork & networking.  The development of an increasingly integrated culture of teamwork within and among LTER sites has led to new opportunities for cooperation and synthesis within the LTER network.
· Outreach. The emphasis, via supplementary funding by NSF, on both K-12 and undergraduate education has resulted in an increasing awareness of the importance of education and outreach to the success of LTER programs. 

MAJOR RECOMMENDATIONS

In our performance review, we have identified a number of specific suggestions regarding individual programs and we discuss these at length in our report. We have identified several major recommendations, outlined below.

· Further emphasis on and increased resource allocation to development of environmental informatics.  The LTER Information Management effort has successfully coordinated data management in support of research site science and promoted communication across communities (Michener and Brunt, 2000) with recent focus on development of a Network Information System (NIS) (Brunt, 2000; Baker et al. 2000).  The NIS and related activities have helped address infrastructure needs in support of interdisciplinary activities.   A number of additional efforts have been made in recent years to improve the data infrastructure for LTER sites. These include, for example, the program in Knowledge and Data Infrastructure (KDI), and cooperation with the San Diego Supercomputer Center (SDSC) and NCEAS. Although the COV recognizes that these are all valuable efforts, we believe that the rapid development of an improved infrastructure for data sharing and management is a critical issue facing all long-term projects. We also recognize that these needs will only increase in the future as new methods for data collection produce even more copious amounts of information.  The COV believes that the effective and efficient management of data will be a major constraint on further synthesis and productivity. 

We recommend that NSF develop a strategy to focus specifically on how best to further improve data management of long-term projects, particularly LTER sites. We believe that furthering the development and implementation of a data management system for the LTER network would quickly prove to be both a model and a resource for numerous other data management needs within the ecological community.  The area of Environmental Informatics requires more attention, not because it has been ignored, but due to technological advances that have yet to be incorporated.  Environmental Informatics is necessary to understand biocomplexity, and facilitate cross-disciplinary work.  Ecological forecasting is underlain by integration of data, modeling, and underlying mechanisms.  LTERs are poised for this but are not at that stage yet.  There are numerous possible strategies that could be developed. One obvious part of the solution could be an increase in allocation of resources within LTER budgets to a level significantly above the current level of ~10% to information management. In addition, the development of on-site scientist-friendly platforms is crucial, and would probably require extensive work to transfer appropriate technologies. 

· Improved reporting by investigators and reviewers. The COV found repeated instances in which accomplishments of investigators were “under-reported” on annual reports and site reviews. We suggest that relatively minor changes in forms could more clearly indicate the nature of desired information, and the value of that information to NSF. To facilitate this, we suggest that Program Officers also provide examples of completed forms that cite accomplishments appropriately that are available on program websites. 

· Greater equity in funding at LTER sites. The legacy of disparate funding levels for LTER site cohorts should change. Although we recognize the history behind these disparities, we recommend that DEB develop a new strategy for equalizing funding levels across sites with equal expectations. 

· Evaluation of long-term programs. We encourage DEB to be proactive in the development of fair and appropriate methods of evaluating cross-directorate-based LTER sites, such as the urban and coastal sites added during the past three years, and the earlier Antarctic sites.  Within NSF, DEB has the experience with appropriate expectations for long-term projects, and we encourage DEB to anticipate potential problems as these non-DEB funded sites come into review.

· Increased fostering of synthesis. While we recognize that synthesis has been one of the major achievements of long-term projects, we believe that new approaches by DEB could increase synthesis in the future. For example, we encourage (a) a continued effort to expand research directions at LTER sites to include more population & community perspectives, (b) holding cross-site competitions at regular intervals, and (c) potentially, the provision of  NCEAS “fellowships” for LTER and LTREB investigators to pursue synthesis activities at 5-year intervals, or NCEAS-like fellowships at the individual sites themselves. 

Improve quality of outreach – collaborative workshop to develop strategies about education and training. The involvement of LTER sites with the International LTER network and schoolyard LTER projects are perceived to have high value and high visibility. However, the high expectations for deliverables in these areas are probably not commensurate with their current levels of funding and support.  We recognize that the funds provided have been intended as “seed” money for leveraging funds from other sources. However, we encourage NSF to develop orderly plans for moving each of these programs to a long-term basis by holding collaborative workshops to share and develop a vision of what each of these programs should play within LTER and strategies to implement those visions in the long run.  Part of those strategies should include finding new and additional funding for both of these activities.

A. INTEGRITY AND EFFICIENCY OF THE PROGRAM’S PROCESSES & MANAGEMENT

1.  Effectiveness of the program’s use of merit review procedures:

Program officers, panelists and ad hoc reviewers were, overall, very effective and demonstrated a high level of commitment to carrying out the merit review process. 

a. Overall design, including appropriateness of review mechanism (panels, ad hoc reviews, site visits).  In general, the COV found the review process thorough, appropriate and balanced. There were different review mechanisms depending on the type of proposal, in some cases only panel members reviewed proposals, while in others there were both panel and ad hoc reviews.  Program Officers have obviously devoted considerable effort toward the selection of both experienced and diverse panels as well as ad hoc reviewers.  The composition of reviewing bodies seems to roughly reflect the general composition of the population of those submitting proposals. 

Only panel reviews were used for both LTER site renewals and new site competitions.  Composition of these LTER panels is weighted in favor of non-LTER reviewers, a strategy which seems to be intended to “open up” the review process to those outside the LTER community. The panels we considered typically had at least three non-LTER members for each LTER member. This is particularly important since the LTER renewal review is only by panel.  The advantage of having reviews only by panel members is that these are large, multidisciplinary proposals that are probably best evaluated through discussion by panel members with diverse disciplinary perspectives. The potential disadvantage is that the process can be viewed as closed to the larger community, as was indicated in the previous COV report.  The decision by the program to have only panel review for these types of proposals was felt by the COV to be fair and appropriate.

LTER review involved both site visits (after 3 yr) and renewal proposals.  This is a very constructive strategy for providing mid-term feedback with time for corrections prior to renewal. Site visits to LTER sites seem to have had balanced teams and have been very thorough in their comments and suggestions. The LTER review process appears to adequately balance the dual goals of (a) long-term funding, and (b) accountability and oversight. The decision to place LTER programs on probation clearly is not made lightly, yet it does occur. In the decisions we reviewed, the panel and program officers appeared to have effectively balanced multiple factors (e.g. magnitude of problems, indications of progress in solving problems, losses or addition of key personnel) in making these decisions.

In contrast, the LTREB proposals have both panel and ad hoc reviews and are evaluated by regular panels in the core programs. The composition of these panels is determined by other core program officers but appeared balanced with respect to gender and geography.  The COV views this as a strong and appropriate review mechanism for this type of proposal.  Because of the special nature of these awards, we feel it is important for these types of proposals to continue to be considered as a group within these regular panels. 

b. 
Effectiveness of program’s review process.  The LTER/LTREB review process gives a high degree of confidence that excellent science is being funded, and that funding decisions are made after careful and fair consideration of proposals.  Overall, the process seemed well documented and transparent.

However, when there are relatively large numbers of proposals recommended for funding by the panel, the process by which the program officer makes decisions about which of these actually gets funded remains somewhat opaque. Some COV members consider the perceived subjectivity of this process unsettling. 

A future issue to consider involves review of the new cross-division LTER sites. The LTER network has expanded into a variety of new areas, particularly over the last three years. Six new sites were selected, of which two were urban and four were coastal.  All of these sites involve more than one division of NSF.  We are concerned that as these cross-division LTERs are reviewed, efforts are made to ensure appropriate standards of evaluation and consistency among divisions.  While urban, coastal, Antarctic and terrestrial sites have distinct characteristics, their review should reflect their individual characteristics but maintaining consistent standards for long-term evaluation.

c. 
Efficiency; time to decision.  Data on this issue are mixed, since evaluation of efficiency within the context of a desperate shortage of support staff is difficult to assess.  As we understand it, current NSF guidelines suggest that proposals should be evaluated within six months of receipt. From the data we were given, the average turnaround time appears to be somewhat closer to nine months.
d.
Completeness of documentation making recommendations.  Documentation with respect to recommendations for funding is generally complete.  The F7 forms and panel summaries provide an excellent “paper trail” of the decision and selection process.  It is particularly effective when the panel specifies the “fundable” proposals within the context of funds that are available. Where panels select substantially more proposals than can be funded, the final selection is well-documented but somewhat less clear. We noted that reviewer comments were extensive and clear, especially when a proposal was not recommended for funding. 
e.  
Consistency with priorities and criteria stated in the program’s solicitations, announcements, and guidelines.  Selection and decision processes seem to be consistent with program announcements.  Care should be taken in special solicitations to explicitly state guidelines for proposals.  For example, one purpose of cross-site solicitations is to increase the number of non-LTER investigators working at LTER sites.  However, in reviewing success rates for LTER and non-LTER PI’s in these competitions, we found that PIs from LTER sites were significantly more successful.  Consequently, we conclude that the guidelines for submission need to be more carefully crafted to ensure understanding by PIs from outside the LTER community (i.e., how to obtain access to “inside” information, expected commitment of LTER investigators and resources).  A fairly high number of LTREB proposals appear to be rejected primarily because they do not meet the criteria for funding. In reviewing the program description, we note that the guidelines for LTREB state primarily what will not be funded. Several members of the COV noted that applicants for LTREB seem to gain much more clarity from discussions with the program officer than they do from the program announcement. We suspect that the program guidelines could be expanded to be clearer and to reflect the information provided by the program officer.  Also, we recommend that all eligible programs of DEB should be listed in the LTREB program announcement (rather than just listing those most commonly funded).  We recognize that currently not all DEB core programs are willing to co-fund LTREB proposals, however, we feel that proposals within any of DEB’s core programs could meet the criteria for LTREB funding, and the guidelines should reflect that.

2. The program’s use of the NSF Merit Review Criteria (intellectual merit and broader impacts). Current NSF guidelines require reviewers and program officers to evaluate proposals according to two criteria: intellectual merit and broader issues.  During the time period of our review, program officers have become consistent in the use of both criteria, while panel members and outside reviewers are more variable.

a. Performance Goal: Implementation of Merit Review Criteria by Reviewers: Though virtually all reviewers include thorough discussion of intellectual merit (Criteria 1), only ~50% discuss broader impacts (Criteria 2). This may in fact be because the directions with respect to the broader impact seem more diffuse.  For example, broader impacts can include: training and education; societal impacts; participation by underrepresented groups; networking and infrastructure facilities; and global significance of the proposed science.  Consequently, the “broader impact” is not only diffuse but disparate categories that need to be more carefully defined and recorded.

b. Performance Goal: Implementation of Merit Review Criteria by Program Officers: Program Officers are addressing the elements of both generic review criteria.  Indeed, often in their evaluation of successful proposals the broader implications have been extracted as a specific subsection from the core of the proposal when the proposers and reviewers did not do so. 

c. Discuss any concerns the COV has with respect to NSF’s merit review system.  We view the peer review as one of the greatest strengths of NSF’s merit review system.  However, we are concerned that as the ratio of the funded to unfunded proposals goes down the review process becomes increasingly subjective in that a greater number of excellent proposals go unfunded.  We recognize this is a funding issue. 

3. Reviewer selection:


We are comfortable that an adequate number of appropriately experienced reviewers have been selected for the review process.  We recognize that it is especially difficult to obtain balanced reviewers for interdisciplinary proposals. From the data we have seen, the composition of reviewing bodies seems to roughly reflect the general composition of the population of those submitting proposals.  Issues associated with recognition and resolution of conflicts of interest is recognized by NSF staff and adequate documentation justifying actions taken has been given.

4. Resulting portfolio of awards:
During the previous three years, the LTER network has expanded from 18 to 24 sites, with the addition of two urban sites and four coastal sites. From our inspections of the proposals for these competitions, we are confident that the sites were well-chosen from among those proposed, and that the review process was fair and thorough. The selectivity of this process is reflected by the fact that the 1997 coastal competition had money to fund two proposals but chose to fund only one. Because the kinds of sites that have been added are substantially different from the original 18, there is now a greater representation of diverse ecosystems in the LTER network. As mentioned above, the cross-directorate nature of these new sites will require some development of appropriate review criteria. In addition, we are concerned that these criteria be applied consistently across NSF divisions. 

The cross-site competition led to the funding of a number of new proposals that will provide both synthesis of LTER data across sites and the addition of several new investigators to the LTER network. We recommend that cross-site competitions be offered on a regular basis. 

COV process


If we’re to be able to evaluate composition of panels for any characteristics other than geography and gender, those data need to be provided. 

B.  RESULTS:  OUTPUTS AND OUTCOMES OF NSF INVESTMENTS

Strategic Outcome Goals: For each of the strategic outcome goals listed below comment on the following: Has the program demonstrated success in achieving the outcome goal?  (NOTE:  COV’s should separately address each of the indicators listed under the strategic outcomes.)  Provide NSF-supported examples that demonstrate your judgement, and explain why they are relevant or important to the outcome goal.  If performance is not successful, comment on the steps that the program should take to improve performance. It is important to note if the outcome goal is not relevant to the program and provide a brief explanation.
5. PEOPLE Strategic Outcome Goal: Development of a diverse, internationally-competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens.  

FY 2001 Performance Goal: The program is successful when, in the aggregate, results reported in the period demonstrate significant achievement in one or more of the following indicators: 

Overall, the COV found considerable improvement during the last three years in LTER/LTREB programs incorporating more educational and training opportunities.  Some of these changes were structural, such as the addition of Urban LTERs with specific applications for incorporating K-12 involvement, while some resulted from opportunities NSF made available by supplemental programs. The main resources to evaluate the LTER performance for Q-5 elements are (1) the site evaluation reports and (2) the annual reports.  For the LTREB, the committee had to depend almost entirely on the annual reports.  It is thus important that the LTREB annual reports be as complete and as exact  and quantified as possible.  For Q-5 this was not always the case.  
a. Improved mathematics, science, and technology skills for U.S. students at the K-12 level; The COV viewed both the amount of involvement of undergraduates (REU) and K-12 involvement (Schoolyard) under this element because none of the other elements within Q-5 seems to relate to undergraduate education contributions.  Of the annual reports reviewed, there was a wide range of documented involvement in the REU and K-12 areas.  The Urban LTER programs seemed to be more involved in the K-12 and undergraduate education area than are the more remote LTER sites.  An exceptional educational effort is demonstrated by LTER 0115503.  This site has been in existence for one year and already has a teacher training program that is regional in scope, available on a web-site and apparently still growing.  This program also has made exceptional efforts through their REU funding.  Of the more remote LTER sites, proposal 984385 has also documented great contributions in the K-12 and undergraduate education arena.  LTER 9841921, on the other hand, reported almost no involvement in K-12 and undergraduate education. Overall it appears that about 50% of the LTER sites have good to very good K-12 and undergraduate education efforts.   In general, the LTREB sites appear to have less involvement in the K-12 and undergraduate education program than LTER sites.  This is probably because of less access to REU and Schoolyard funds.
b. Improved mathematics, science, and technology skills - for citizens of all ages, so that they can be competitive in a technological society; This element was interpreted as meaning that a site is actively involved in graduate research and education at the MS, PhD, or Post-Doctoral level.  LTER sites usually do indicate an involvement in this process but often do not give numbers of students involved in their program nor the specific level of education of the students involved.  Proposal 0114943 is an exception.  This site’s report provides a detailed description of their sites contribution to higher education.  LTREB annual reports often do not specify any involvement in higher education.  If they do, it is in very vague terms.  For example proposal 9815370 stated they “have given people a variety of skills”.  All sites should be encouraged by NSF to be more explicit in stating their level of involvement.  Members of the COV know of examples of outreach to the general public that need more coverage in progress reports.  These include: “The Hidden Forest” book by Jon Luoma, a nature writer, explaining the ecology of AND LTER to a lay audience, and New York Times and Washington Post science articles about acid rain research at HBR LTER that were fostered by the Hubbard Brook Foundation, an independent non-profit organization.  Other LTERs probably have similar efforts but need encouragement to report them.
c. A science and technology and instructional workforce that reflects America's diversity; Only one of the subsets of LTER sites examined specified a high level of success in this element.  Others stated they are “recruiting” minorities but no level of success is given.  About 40% of the sites reviewed did not provide information about minority involvement.  No LTREB sites reported involvement.  Again, all sites should be encouraged by NSF to be more explicit in stating their level of involvement. 
d. Globally engaged science and engineering professionals who are among the best in the world;  No LTER or LTREB site reports that we reviewed completed this element in its annual report.  To complete it would require that a site track the employment and advancement of its graduates, which is unlikely to be done. The Committee believes it would be better to change this element to be more specific.  For example, a site might report the number of PhD and Post-doctoral candidates that have completed their degree requirements, the awards they have received and any outstanding scientific contributions that were made during their tenure. International scientists attracted to work on the site to advance their skills should be highlighted.  
e. A public that is provided access to the processes and benefits of science and engineering research and education.  This is a vague criterion.  The specific achievements that would meet criterion 5e should be specified.  We assumed that examples of this criterion would include: web access to data and reports, and information on workshops, and expert scientists who would be available to aid in policy formulation deliberations or agency management decisions.  Other methods might include articles or books intended for a general audience. Most LTER sites have developed good web sites and most have collaborated in other agency decisions.  
Most LTER sites have developed good web sites and most have collaborated in other agency decisions.  For example, the LTER Network has been a leader in making ecological data available to the scientific community and the general public.  The LTER Information Management promotes the accessibility of ecological databases and coordinates data management across multiple research sites.  Under an LTER-wide data policy, LTER-collected data are available, online, to the general scientific community within 3 years of the time of collection with limited exceptions.  In addition to traditional numerical data, many LTER sites also make available more extensive information products in the forms of images, graphics, reports, GIS data layers and these and dissertations via the WWW servers.
Comments:
a. The COV believes that LTER and LTREB management needs to ensure that there is a direct, clear correspondence between the Annual Report elements and the elements given in 5a-5e (Outputs related to People Development) for which sites are expected to demonstrate significant achievement.

b.  The COV believes that an annual report form filled in with generic examples indicating the kinds of achievements that should be included under each Annual Report element would improve the completeness and thoroughness of the Annual Reports received from each site.

c.  Putting some of the Annual Report elements in an Excel Spreadsheet format would be extremely helpful in getting more quantified data and make evaluation of performance related to significant People Development Outputs much easier and more definitive. 

d.  Special recognition should be given for the development of textbooks that are used in education institutions, lab manuals or interactive models that students can use to understand ecosystem or community responses to student- imposed abiotic and biotic changes.
e. PEOPLE IN LONG-TERM PROGRAMS IN THE NSF

While there are many notable contributions coming from the LTER and LTREB funded work, there are some important lessons to have been learned from the efforts to understand human/ecosystem interactions in the LTER sites.

To date, four sites have addressed human-ecosystem interactions.  Two LTER sites-CWT and NTL- were from an earlier network-wide augmentation competition and two of them resulted from the creation of the urban LTERs, which from the start gave priority to this integrative effort. The successful urban LTERs brought together social and biophysical scientists as equal partners in the development of integrative approaches to the study of whole systems ecology that included people. (The unsuccessful proposals lacked this integrative conceptualization, strong participation from scientists from the social sciences, and clear questions about the interactions across levels of analysis required to understand complex systems.) The experience of the urban LTERs provides a valuable set of lessons for the rest of the LTERs on how to consider the human dimension in the understanding of ecosystems. 

Lessons: 

· Bring together a high-quality team with balanced PIs from both social and biological sciences.

· Maintain a strong management team that is characterized by integrative meetings rather than having the biological and social scientists go their own way on a day-to-day basis;

· Nurture strong links to the human communities near the research site and support efforts to involve them in the science and education aspects of the research on ecology;

· Ensure multi-scale analyses that address traditional interests of LTERs at the patch level, with a growing investment in regional scale analyses that nest the patch findings within landscapes;

· Involve undergraduate, graduate, postdoc, and faculty who are traditionally not part of the LTER network, beginning with neighboring institutions and expanding outwards;

· Recognize the value of schoolyard and outreach projects are high and that costs are higher than supplements provided by NSF; therefore, seek additional funds, using LTER/LTREB funding as “seed money”, to develop links to educational establishments.

The augmented sites have been in existence almost the same amount of time as the urban LTERs, but they have been slower to show results in the integration of human with biological work. This should not come as a surprise. The augmentations were given to a pre-existing community with its own culture and a way of doing science that did not include consideration of the human dimensions. It was not required that the augmentation portion be treated as an equal partner, and therefore the augmented portion of the work proceeded on its own, often separate from the day to day intellectual interests of the other LTER scientists. As a result, the work, while valuable, has not always contributed to the integration of a humans-in-ecosystems perspective.  The experience at both augmented sites (CWT and NTL) is that the work has not tested ecological ideas in a social context – something that is a current goal of long-term ecological research.  Human populations have enormous impacts on ecosystems and in a large number of areas their impact is already greater than that from natural processes. 

To advance our understanding of ecological processes, we need to better understand the pre-existing land use history at each of the LTER sites; the differences between the ecosystem processes in areas within and outside the biological stations; and how to move the results of research from LTERs to the public so that they are environmentally aware and informed.  In the latter regard, the schoolyard projects play a particularly notable role as ways to teach students about science in general, about the immediate environment in particular, and on ways each citizen can participate in issues of environmental concern. 

Both augmented sites’ reviews noted that they should aim at parity in organization, thereby developing collegiality across disciplines. Without parity and joint conceptual development of research questions, post-facto integration becomes more difficult. 

Suggestions for adding value to the LTERs through the integration of social and biological sciences include:

1.  Development of strategies to better couple biological and social objectives for LTER to maximize collaborative research.  A workshop would be helpful to identify appropriate hypotheses. This opportunity is more likely to attract top scientists from the human sciences who are capable of this kind of integrative science. Explore the potential of co-funding research proposals with SBE.  Example: the focus of the Jornada site on desertification could benefit from links to the ecological work on pastoral ecology that is taking place at Colorado State University by the Natural Resource Ecology Laboratory scientists.

2.  Increase the familiarity of LTER faculty and students with ILTER sites, and vice versa. This particularly promises payoffs in terms of cross-site comparisons both within the LTERs and with the ILTERs.  Example: internships could be funded by the International office, and used to elicit more extensive cross-site international research.

3.  Link the LTERs to the Biocomplexity of the Environment (BE) competition. This could be done by asking for BE support for studies of dynamics of coupled natural and social systems focusing on land use and landscapes, thereby facilitating the expansion of scope of LTERs by bringing together biophysical and social scientists. With this kind of incentive, it would be more likely that additional LTER sites would adopt more integration between social and biophysical research.
4. Use the Supplement mechanism for funds of up to $50,000 to attract young interdisciplinarily- trained scientists capable of bridging the gap between traditional work at LTERs with the human dimensions. Instead of using the funds to support only traditional biological work, open the door to support those scientists capable of being bridges to expand these components within the LTERs.  This may also be welcomed by SBE as a co-funded initiative. 

5. Increase the solicitation for ecosystem cross-comparisons. This should not be limited to domestic cross-site competitions, but include ILTERs. Take opportunities to learn from efforts at the global scale such as IGBP, LUCC, and other research networks to link data sets and carry out new comparative work.  

6. Create “sabbaticals at LTERs” (modeled on sabbaticals at national parks) to encourage scientists to spend a year or semester at an LTER.  This could serve to attract more scientists to provide new approaches to the site, the data, and to expand the network. 

In summary, the LTER program at NSF has done a very good job of supporting the collection of long-term data and understanding “natural” ecosystems.  Recognition of the important role of humans in ecosystems has led to modest support for incorporation of human dimensions with joint support from SBE, OPP, and other directorates.  However, except for the urban LTERs, efforts to date have not insisted that this work be conceptually integrated or that this work be carried out with management parity and remain focused on integrative questions. The experience of the augmentation program has yielded valuable lessons that can lead to better work in the future. Joint efforts by SBE and DEB can lead to an even more successful future effort in coupled natural and social systems.  The recommendations of the National Science Board and the NRC Grand Challenges of the Environmental Sciences are in agreement that future work in environmental science must integrate the social and biophysical sciences. The LTERs have an opportunity to lead in this area—thereby benefiting from this growth in funding-- and it is an opportunity that offers important ways to leverage the value of the LTERs.  

These 3 programs are ___x___ are not ______ successful in meeting this Performance Goal.    However, the COV notes that having to meet just one of the People Output elements (5a-5e) is not a very rigorous requirement, and may be a point for further consideration by NSF.
6. IDEAS Strategic Outcome Goal: Enabling discovery across the frontier of science and engineering, connected to learning, innovation and service to society.

OVERALL PERFORMANCE:

The COV is impressed with the overall progress being made by the LTER Sites, LTREB Projects, and Cross-Site Projects in terms of advances in discovery across the frontiers of science and engineering. We address the constituent parts for each of these programs below.

A.  A ROBUST AND FUNDAMENTAL KNOWLEDGE BASE THAT ENHANCES PROGRESS IN ALL SCIENCE AND ENGINEERING AREAS INCLUDING THE SCIENCE OF LEARNING
1. LTER Sites: Scientists at all sites are very active in publishing scientific articles, and most are producing impressive synthesis and cross-site articles and books (e.g., Tallgrass Prairie, Soils Methods Standardization, and Alpine); another twelve volumes in preparation (2001-2002) with Oxford University Press; polar sites with the AGU Press series).  All sites provide Internet-accessible data bases, to varying extents.  Some have taken the lead in entering newly-generated data directly into data bases.  We recognize that LTER scientists tend to deposit data within the LTER, rather than using nascent “community-wide” networks, such as that of the Ecological Society of America’s Ecological Archives.

A few sites, notably SEV and the Arctic sites that have taken a lead in ILTER network efforts, are very active at the international level. Most others have focused more of their efforts at the local, regional, and national level.  LTER science has been very well-represented at national meetings, but less so at international meetings. All sites participated in the All Scientists’ Meeting in August 2000.  Scientists at a majority of sites have sponsored workshops and symposia at key national meetings (e.g., symposia on hurricane disturbances in the southeast and the Caribbean). 

LTER has also contributed to global environmental issues. Several sites, including MCM and SGS, have been active in global biodiversity network efforts under the Diversitas umbrella. Example of cutting-edge collaboration on global change issues includes HFR and Arctic and Antarctic sites. More effort could be made to overlap the LTER sites with existing temporary networks that study global climate change (e.g., Ameriflux, NIGEC, Fluxnet).  We note one case where a DOE-supported eddy-flux tower was placed at an LTER site (HFR), and discrepancies were observed between calculations and sources of carbon fluxes measured by the tower techniques compared with isotope mass spectrometry techniques. This example points up the desirability of encouraging overlap among LTER with other existing non-LTER networks.

2. LTREB Studies: The LTREB-supported studies contributed to a growing fundamental knowledge base, often in research areas poorly represented within LTERs.  The fields of knowledge included animal behavior, nutrient cycling, plant-animal interactions, plant demography and energy budgets.  All of them resulted in data sets that might otherwise not have been supported by traditional NSF programs.  

A considerable number of high-quality scientific papers have been produced by scientists funded by LTREB. However, a noticeable lack of synthetic work has been produced to date.  Only a few studies have resulted in a web-accessible database, although there are some notable exceptions (e.g., Ostfeld and Canham [IES]; Harmon et al., [AND]; Clark and Clark [La Selva]).

There appear to be moderate contributions of LTREB work to regional and national conferences and workshops, and, as with LTER, little collaboration in international meetings and syntheses. There were only a few links to major global initiatives, and they are being made from individual studies or projects, rather than via linkages to international networks.

3. Cross-Site Studies: These projects were similar to LTREBs in that they provided unique datasets that would not be generated through regular program funding.  They tended to be more hypothesis-driven than LTREBs - testing predictions (e.g., Milchunas [0087255], who tested hypotheses that control relationships between herbivore diversity and site productivity, and which can lead to a better understanding of sustainable grassland use). This competition appeared to stimulate research collaborations and activities that would not have arisen otherwise.  Several of them proposed to organize workshops and/or symposia (e.g., Williams and Lynch on dissolved organic nitrogen, and Yanai on nitrogen uptake models).  At this early stage, we did not uncover any direct linkages to formal global initiatives. 

B. DISCOVERIES THAT ADVANCE THE FRONTIERS OF SCIENCE, ENGINEERING, AND TECHNOLOGY
1. LTER SITES: Results of LTER site research contribute to the frontiers of science, including the setting forth of new hypotheses, approaches, methods, and perhaps most importantly, syntheses of data.  The general approach of building on long-term data collected on a single site has become a model approach for studying ecological processes (e.g., ILTER network and its contributing sites and projects). There are numerous publications in general widely- circulated journals, including Science, Nature, BioScience, as well as in refereed journals of specialized disciplines.

Certain intersite studies (e.g., LIDET [AND, other sites]) have flourished and have been duplicated by other countries (e.g., Canada and China).  Techniques at the cutting edge that have originated from LTER research have been incorporated into numerous studies (e.g., stable isotope studies to determine plant and soil pathways of nitrogen). Use of spatially-explicit computer technology (e.g., GIS) is now flourishing within the network.  Several terrestrial sites have incorporated techniques recommended by recent LTER syntheses of ecological methods, such as the installation of minirhizotrons (Soils Methods Standardization volume, Robertson et al. (1999).  One example of PIs with effective interdisciplinary collaboration suggested that population-level changes in microbial communities (methane oxidizers) due to dry weather had a direct feedback effect on the amounts of methane entering the atmosphere (BNZ, work of Gulledge and Schimel, 1998).

2. LTREB Projects: Most of the research funded by LTREB has focused on the local or regional level (rather than the national or international level).  We recognize that these data provide a unique basis for answering cutting-edge long-term questions that could not otherwise be addressed.  Elsewhere in this report (Section 7), we urge the DEB to strongly encourage LTREB investigators to provide web-accessible databases, so these unique long-term resources can be more adequately used in future synthesis efforts.

3. Cross-Site Studies: In at least one study (Williams & Lynch), Cross-Site support was used as an effective platform to standardize protocols, serve as a repository for data, and carry out cutting-edge comparative research on nitrogen cycling.  However, most of the cross-site funding was used to support projects that were testing important but pre-existing hypotheses, rather than establishing new frontiers of science.

C. PARTNERSHIPS CONNECTING DISCOVERY TO INNOVATION, LEARNING, AND SOCIETAL ADVANCEMENT
1. LTER Sites, LTREB Projects, and Cross-Site Studies: These include efforts in the two areas, synthesis of existing data, which draws upon NCEAS resources, and nascent efforts to develop extended ecological informatics networks such as with KDI. The research of Waide and several LTER colleagues, for example, worked toward a synthesis of linkages between primary production and biodiversity across a range of LTER sites, funded through NCEAS. The impressive number of collaborative studies, including outreach to K-12 groups and neighborhood citizen action groups, are a hallmark of the two Urban LTER sites (BAL and CAP).  However, at the other 22 sites, the funding for K-12 was so minimal as to require the donation of pro bono effort and resources of individual scientists and site staff to create effective outreach programs.  While these pro bono contributions are commendable, they are not likely to provide a dependable base for K-12 efforts over the long run.  Adequate funding will be needed to sustain K-12 efforts at LTERs

D. RESEARCH AND EDUCATION PROCESSES THAT ARE SYNERGISTIC

1. LTER SITES: The schoolyard LTER programs have proven to be a potentially cost- effective way to leverage ongoing LTER research and the interests of numerous school science classes.  It is clear, however, that the funding level per year ($15K/site) is insufficient to ensure that high-quality, effective programs can be created and maintained without greatly leveraging these funds.  NSF must be aware that to effectively reach a significantly wider general audience, which is viewed as positive and important, a greater investment is needed, perhaps with partnerships that have been modeled by several of the sites (especially the two urban sites).

Post-secondary education is extremely well-served by the LTER program. All sites have strong graduate training opportunities, and COV members sensed that there is a “flavor” to the atmosphere and training activities that teach students not only how to conduct their discipline-oriented scientific research, but also to effectively collaborate and work together within and across sites and disciplines.  

In addition, LTER Information Managers have been active in the training of data managers as well as undergraduate and graduate students within the national ecological community.  Approximately one third of the LTER Information Manager Committee members (IM) as well as IM Executive Committee members are women, a group traditionally underrepresented in the field of computer science.

Undergraduate education has been enhanced through the numerous REU Supplements that are applied for by all sites each year. Although the REU program is NSF system-wide, students involved at LTER sites sometimes accrue even greater benefits, being exposed to a diversity of researchers, projects, approaches and activities. Many of the REUs are Site REUs, which encourage the participation of minority students.  In most instances, site investigators have encouraged these undergraduate students to publish their research results in refereed journals, concomitant with presenting papers at national scientific society meetings (e.g., Ecological Society of America).  Numerous sites encourage citizen groups, such as regional watershed associations, to visit, view experiments, and discuss implications of long-term management manipulations that are being pursued at the sites.  This constitutes scientific outreach at its most vigorous, “grass roots” level, and seems to be paying long-term dividends in increasing environmental awareness of people from all walks of life.  The more heavily-mobilized efforts of the Urban LTERs are undoubtedly reaching a wider audience in their respective metropolitan areas, as borne out by the lists of groups with whom they have interacted over the last few years.

2. LTREB Projects: LTREBs have generated fewer formal educational results than the LTER sites, but consistently provide opportunities for graduate and undergraduate students.  There was some K-12 activity, with the three notable examples of the blue-footed booby LTREB (Anderson, Wake Forest), which provided information and data tailored to grade-school students and their teachers, the Water is Life program that introduces water quality monitoring and a watershed curriculum that draws on LTREB research used in high schools in Costa Rica (Pringle, UGA), and the Isle Royale wolf-moose predator-prey model based on LTREB data which has been used on the web by middle school classes (Peterson).

3. Cross-site Studies: PIs consistently included undergraduate and graduate students in the research process.  Few links to formal outreach programs were forged, although it should be noted that no funding for outreach was included as a formal part of this program. 
These 3 programs are __x____ are not ______ successful in meeting this Performance Goal.
7. TOOLS Strategic Outcome Goal: Providing broadly accessible, state-of-the-art information-bases and shared research and education tools.

FY 2001 Performance Goal: The program is successful when, in the aggregate, as a result of its investments, results reported in the period demonstrate significant progress in achieving one or more of the following indicators:

The COV found that LTER/LTREB participants contributed in numerous ways to increased use of new tools and techniques, as presented below.

Comments:

a. Tools from the LTER  and LTREB programs include:

· Long-term data records and databases – all 8 LTREBs and all LTER sites with the exception of the newly established sites reported long-term databases.  

· Courses (including web-based courses) – 5 of 8 LTREBs and 3 of the LTERs reported course development activities, e.g., Peterson’s LTREB on-line curriculum for middle schools,  NWT LTER virtual field trip for K-12 elementary student and teachers in the Boulder Valley School district. 

· Models – 2 of 8 LTREBs and 8 of the LTERs reported models using long-term data and databases.  We are aware of several other LTER modeling activities in this area which were not reported by the sites. 

· Manuals and primers – 1 of the 8 LTREBs (Pringle’s LTREB manual for teachers and students on stream protection and stream monitoring and 3 of the LTERs (KBS LTER Soil Sampling manual and the LTER NET office manual on information management techniques. 

· New sensors and/or new techniques - of 8 LTREB reporting developing new techniques  (Pringle’s LTREB – experimental manipulation of stream biota used in at least 2 tropical countries) and 3 LTER sites reported developing new sensors and new techniques (PAL and NET on remote sensors).  However, we were also aware of new technologies used by other LTER sites that were not mentioned by the sites (LUQ and NTL LTERs have developed new applications of wireless technologies to field stations). 

· Data collection and storage devices

· analytical and statistical methods

· new tools for information management standards

· CLIMDB developed initially at the AND LTER in concert with other LTER sites and the Network office and the climate committee, CLIMDB is being used as a prototype for HYDRO DB and SITEDB.

·  Synthesis articles: All 8 of the LTREBs and virtually all of the LTERs (with the exceptions of the newest ones) have synthesis articles integrate long-term data or cross over disciplines that make this information available to the larger policy and management communities.  

b. The existence of long-term databases have positioned sites to be selected for membership in national and international networks  (Pringle’s LTREB was selected for international global change network) or have been used as the basis of policy analyses – KBS LTER, effects of agriculture on global carbon storage,  HBR – acid rain, Pringle’s LTREB on effects of tropical watershed management, Peterson’s Isle Royal LTREB – introduction of wolves on populations of herbivores)

c. The reporting system needs to be revised because many of the accomplishments for this section were NOT included in the reporting materials and would have gone unnoticed or unreported if the individual members of the COV had not been previously aware of their existence. Concerns exist about what other tools have not been reported.  Develop better instructions to the community about reporting; provide examples of the tools developed with specific instructions to include information on the users of the tool(s). 

These 3 programs are __x____ are not ______ successful in meeting this Performance Goal.
8. Areas of Emphasis: For each relevant area of emphasis shown, determine whether the investments and available results demonstrate the likelihood of strong performance in the future? Explain and provide NSF-supported examples that relate to or demonstrate the relevant strategic outcomes.

The COV determined that carefully targeted investments in People, Ideas, and Tools will pay large dividends in enhanced productivity and outreach from these programs, that are important to the overall mission of the NSF.

a.   Strategic Outcome:  People

· K-12 systemic activities, SchoolYard LTERs 

Inconsistent response of sites to the Schoolyard LTER initiative indicates the need to develop a strategy for increased resources in the future. The initial funding of a small amount ($15K) per site is not adequate for future success. 

· Enhancing instructional workforce/professional development

· ROAs, we endorse participation by persons making contacts with appropriate investigators at LTERs and LTREBs. 

· Broadening participation 

-    Tribal Colleges: examples of successful collaboration have been given by the CAP project.

· REU students

This is a very strong outreach activity, that provides a tremendous investment in young people at a critical time in planning their careers.  It has been consistently successful at all sites that have used them.  It broadens the base of students, and educates them to the practice and benefits of scientific research.
b. Strategic Outcome:  Ideas

· Appropriate Balance of Portfolio (high risk, multidisciplinary, or innovative research) for each NSF  program

LTREB is not high risk, but provides an important adjunct to Long-term research efforts nationwide.  As noted in Section 6, we applaud the extent of multidisciplinary and innovative research over the long term.  

· Investment in an initiative:

· Biocomplexity in the Environment (make comments)

Some sites have availed themselves of this opportunity, and we encourage others to pursue this avenue of collaborative funding.

LTERs are poised to provide major contributions to Biocomplexity as this program matures.

· Investments in non-initiative fundamental research:

-
Mathematical Sciences Research (modeling) Colleagues in the LTER have pursued contacts with the LTER Network Office and the San Diego Supercomputing Center (SDSC).  We strongly support this approach.  However, the investments to date have not been adequate to reach the potential for applications of this work in advanced data management and informatics to come into full use at LTER sites.

c. Strategic Outcome: Tools

· Investments in  Major Research Equipment:

· Continuing investments:

· Science and Engineering Information/reports/databases (address)

We applaud the steps that have been taken with KDI, NCEAS, and SDSC, but a strategy is needed to make potential solutions available to the sites in an efficient and timely manner to avoid duplication of effort.

· New types of scientific databases and tools for using them (address)

· Cross-site data sets that are web-accessible such as ClimDB have been started and have the potential to facilitate cross-site syntheses among LTER Network and non-Network sites.  Wireless instrumentation from remote sites, and also microinstrumentation for sensors have been introduced on some sites.  Further investments will be needed to realize the full potential of both of these advances.

9.  Please comment on program areas that the COV believes need improvement.

Comments:

Separate from the comments already provided above, the COV noted one area that will need attention by NSF in the near future.  Specifically, the older LTER sites are beginning to see aging infrastructure, including laboratories, dormitories, major equipment, computer hardware and communication systems.  As other LTER sites age, rebuilding this infrastructure will become an increasing need in years to come.  This will require multiple sources of funding.  Careful planning ahead over a years-to-decades time frame will help maintain the viability of the research at these sites.

10. Comment as appropriate on the program’s performance in meeting program-specific goals and objectives (non-GPRA outcomes).  [See “Program Specific Questions”]

Comments:

The COV was impressed that one area, Environmental Informatics, requires more attention, not because it has been ignored, but due to technological advances that have yet to be incorporated.  Environmental Informatics is necessary to understand biocomplexity, and facilitate cross-disciplinary work.  Ecological forecasting is underlain by integration of data, modeling, and underlying mechanisms.  LTERs are poised for this but are not at that stage yet.

11. NSF would appreciate your feedback on the COV review process, format and core questions.

Comments:

Rather than duplicating comments in the body of the document, we merely reiterate that it would have assisted the process if more information had been available on Excel spread sheets.  

We also felt rushed for time, and would suggest that all of the interviews with various directorates and division personnel be put into the first day (preferably in the first four hours), so we could concentrate on writing during days 2 and 3.

Overall, the process was most informative and we appreciate the open and candid manner in which the entire process was conducted.

Signatures of COV Members:  These are provided separately.
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