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INTRODUCTION

National Science Foundation (NSF) policy requires every program that awards grants be reviewed by a one-time Committee of Visitors (COV) at three-year intervals. Committees of Visitors are one-time augmented subcommittees of the cognizant Directorate Advisory Committee. The cognizant Assistant Director in consultation with the chair of the parent Advisory Committee appoints members. 

The Lower Atmospheric Research Section (LARS) Committee of Visitors (COV) met on September 10-12, 2001 to review the current year and previous two years’ proposal actions and results. The COV reviewed the six programs administered by LARS and addressed both the integrity and efficiency of the processes and management procedures used to evaluate proposals as well as the outcomes of NSF investments. The Lower Atmospheric Research Section (LARS) of the Atmospheric Sciences Division consists of six separately administered research programs.  These are Atmospheric Chemistry; Climate Dynamics; Large Scale Dynamic Meteorology; Mesoscale Dynamic Meteorology; Physical Meteorology; and Paleoclimatology. Appendix A lists the COV members, their institutional affiliations and the LARS programs they were assigned to review.

COV reviews are to assess program-level review processes and management as well as the overall performance of the LARS Research Section in achieving NSF-wide Strategic Outcome Goals.  Thus, each review is expected to address:

a.
the integrity and efficacy of processes used to solicit, review, recommend, and document proposal actions and monitor active projects by each of the programs within LARS, 

b.
the performance of the entire section in achieving the strategic goals of developing a diverse, internationally-competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens, enabling discovery across the frontier of science and engineering, connected to learning, innovation and service to society, providing broadly accessible, state-of-the-art information-bases and shared research and education tools. 

To meet the goals of the process review, the pair of COV members assigned to each program reviewed a representative sample (typically about 10%) of competitive proposal decisions, taking care to sample both awards and declined proposals from all three years of review (FYs 1999, 2000 and 2001).  All proposal jackets from these years were made available to the COV members. 

The COV was provided with a specific template for their report, and this is followed below. We have noted where specific questions are not applicable to the programs under review.

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

The COV members assigned to review each program were asked to provide comments on the following aspects of the program’s review processes and management:

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

2. The program’s use of the NSF Merit Review Criteria (intellectual merit and broader impacts)

3. Reviewer selection

4. Resulting portfolio of awards
The comments responding to each of these four program process areas are presented in Sections A.1 through A.6, below. Program specific goals are assessed in section B.10.  Conclusions and recommendations which cross-cut a number of programs along with observations about the COV program review process are contained in Sections B.9 and B.11, respectively.

A.1 Atmospheric Chemistry Program

A.1.1 Program Description

The Atmospheric Chemistry Program (ATC) supports basic research to improve our understanding of the chemical composition of the troposphere and stratosphere. Research in atmospheric chemistry serves societal needs in the areas of climate, human health, ecology, and agriculture. The primary goals of the program are to:

•
characterize the chemical composition of the atmosphere and its variability

•
understand the processes by which chemicals are transformed and transported in the atmosphere

•
quantify the major fluxes of a wide variety of important substances into and out of the atmosphere, and to understand the processes controlling those fluxes

•
understand the natural and anthropogenic causes of atmospheric chemical variability, and the effects of chemical change on climate.

The program also has several interdisciplinary or crosscutting goals:

•
to understand the role of atmospheric chemistry in the radiation budget of the Earth, i.e. greenhouse gases, stratospheric ozone, aerosols, cloud radiative forcing;

•
to provide information about the processes leading to the emissions and atmospheric deposition of biologically important chemicals, i.e. acid deposition, nutrient cycling, biomass burning and its relationship to land use practices, carbon cycle, etc.;

•
to understand how natural and anthropogenic emissions interact with the atmospheric chemical system to affect regional air quality.

A.1.2 Atmospheric Chemistry Process Review

Question 1. How effective is the program’s use of the merit review procedure?

The Atmospheric Chemistry's COV members found the review mechanism well designed and appropriate.  In the proposals we examined (about 12% of the total both awarded and declined), the reviewers chosen had expertise well suited to the subject of the proposal. The group of reviewers was in all cases an appropriate mix of younger as well as more senior researchers. In most cases there was at least one well-known person in the field.
The number of responding reviewers (in non-panel reviews) varied between 4 and 8 with 6 as the average (only 2 of the 35 proposals examined had 4 reviewers). 

The decision making process is highly efficient in all cases we examined.  The time between submission and action on a proposal was on the average seven months.  We found one proposal, which through some administrative problems took 1.5 years to approve. This seems like a unique case.  

The documentation related to the recommendation was in all cases complete and easy to follow.  The arguments leading to the final decision (award or decline) are well reasoned and documented. The Program Officers clearly had a well-informed overview of the projects and their significance.

Question 2: How successfully did reviewers and program managers implement the NSF Merit Review Criteria?

While the care and completeness of the reviewer's comments with respect to the intellectual merit review criteria varied from person to person, the reviewers addressed the intellectual merit criterion in all cases.  In most cases the reviewers provided an adequate discussion of their views on this issue to make their position clear to the program officer and subsequently to the Prinicipal Investigator (PI).  

We found that in the proposals in 1999 and 2000 many of the reviewers (perhaps 60%) did not address the issue of the broader impact of the research.  However, most of the proposals originating in 2001 do address these broader issues.  

The Atmospheric Chemistry COV members were most impressed with the implementation of the merit review criteria by the program officers.  Their evaluations of reviewers and comments were well informed; their summaries were accurate and substantial.  In their comments, the program officers did not simply take the average of the reviewers' comments but used their judgement that we found in all cases sound.  This was especially evident in some of the difficult cases where the reviewers provided ratings that were in clear conflict with their comments or where there was a wide divergence of ratings within the assembly of reviewers.  In all cases the deliberations and the reasoning of the program officers were thorough and we found ourselves in agreement with their decisions.  

As with the reviewers, we found that the program officers likewise did not stress the broader aspects of the proposals in 1999 and 2000 evaluations.  This changed in 2001, and we find the later proposals addressing this issue.

An aspect of merit evaluation that is missing from most reviews is a discussion of past accomplishments resulting from NSF funded research.  This would be especially helpful in cases of funding renewal requests. Discussions with the Program Officers make it clear that they are very aware of a PI’s performance, and that they do indeed take past performance into account, when it is problematic. Further, in the more recent proposals, past performance is explicitly being addressed, and reviewers are invited to comment on it.  

Question 3: How appropriate is the reviewer selection process?

As was already discussed, an average of 6 competent reviewers from diverse scientific backgrounds responded to each proposal, which we considered more than adequate. The reviewers all had appropriate expertise and qualifications to review the proposals sent to them.  The reviewers reflected a balance of geography and types of institutions they belonged to.  A substantial number of women were among the reviewers; however, we were not able to judge whether other underrepresented groups were among the reviewers. We did not see any case of potential conflict of interest with the NSF staff.

Question 4: What is the overall portfolio of awards?

The overall quality of science in the proposals that received awards ranged from very good to excellent. Scientific merit is certainly a major consideration in the evaluation both by reviewers and Program Officers. The award scope, size and duration were appropriate.  In some cases, this is due to the judgment of the program officers who in several cases implemented both budget and proposal duration changes.  

There is evidence in several proposals that the Program Officers, having considered the cautionary comments of one or two the reviewers, nevertheless, recommended funding of some risky but highly promising projects. In each case, we concurred with their judgement.  

It is very important for the program to provide opportunities for young investigators entering the field. Although the success rate for new investigators is about 20 percent less than for other investigators, we feel that the declines were well justified and that the program provides adequate opportunities for new investigators.

Most of the proposals have had an educational component.  By and large this consisted of support for graduate students and postdoctoral associates.  However, there is evidence that both the PI and the program officers are increasingly aware of the importance of encouraging undergraduates to participate in research.  This is reflected in an increasing number of grants that are targeting funds specific to undergraduate research.

Finally, we have found an appropriate number of projects in all 3 categories: high-risk, multidisciplinary, and innovative.

A.2. Climate Dynamics Program

A.2.1 Program Description

The objectives of the Climate Dynamics Program (CDP) objectives are to (1) support research that advances knowledge about processes affecting climate on seasonal to decadal timescales and (2) sustain the pool of scientists required for excellence in climate research. Supported activities span atmospheric process studies, coupled ocean/atmosphere interactions, and global and regional climate modeling. The CDP managers participate in a wide variety of planning activities on the national and international levels, within NSF and in collaboration with NOAA, NASA, DOE, and NCAR.

A.2.2 Climate Dynamics Process Review

The COV arrived at its conclusions by reviewing detailed processing information in selected proposal jackets, statistical information provided by the Division of Atmospheric Sciences, and information from discussions with program directors, the head of the Lower Atmospheric Research Section, and the director of the Atmospheric Sciences Division. The COV examined 23 jackets out of a total of 183 proposals processed during FY99-01. Of these 13 were funded and 10 were declined. Jackets were chosen partly with the assistance of the program managers, but were primarily chosen by the COV to survey a range of proposals chosen according to diversity of PIs, diversity of programs, and size of programs.

Question 1. How effective is the program’s use of the merit review procedure?  

The Climate Dynamics Program relies almost exclusively on mail reviews for its proposals.  The only instances of panel reviews were in conjunction with multi-proposal field programs and large proposals supported by CDP in conjunction with other programs or agencies.  In general, the COV found that the CDP review process works extremely well. We found examples demonstrating that the program managers do not base awards solely on numerical rankings by reviewers; rather they often weight the reviews on the basis of their own knowledge of the field, their familiarity with the reviewers, and the PI’s history. The COV would like particularly to commend the program managers on their efficiency (i.e. time to decision) and completeness of documentation in making recommendations. One issue that may merit consideration in the future is the use of panels for high cost projects (e.g., one million dollars or more), especially when there are tradeoffs between large projects and small, single-investigator proposals.

Question 2: How successfully did reviewers and program managers implement the NSF Merit Review Criteria? 

Reviewers are increasingly and appropriately addressing both generic review criteria. Reference to Criterion #2 is generally more succinctly addressed, usually in terms of the training of students. Program managers also adequately addressed the elements of both generic review criteria; Criterion #2 was applied with increasing levels of detail in recent years. 

One suggestion by the COV is that the review system should expand the interpretation of broader impact (Criterion #2) to extend beyond the education of students at the investigator’s home institution. For example, public outreach and website creation could be given more emphasis in the evaluation of proposals in which such activities are prominent. 

Question 3: How appropriate is the reviewer selection process?

The COV found the reviewer selection process appropriate and fair. In general, reviewer selection represented well the demographics of the research community. We found that the program managers were particularly good at avoiding conflicts of interest involving themselves and reviewers, and the program managers did an outstanding job of justifying actions taken with proposals.

Question 4: What is the overall portfolio of awards?

The quality of the science that the CDP supports is very high. In general, the awards are appropriate in scope, size, and duration. The COV found the program managers to be very effective at reducing the size and scope of projects for which reviewers identified significant but non-fatal weaknesses. The program managers’ active involvement in planning activities beyond NSF had led to the articulation by the program managers of promising opportunities and trends in climate research. New investigators are adequately supported and given an impressive amount of constructive feedback in proposal preparations. While the new investigators have lower success rates, their success rates can be explained by their unfamiliarity of the proposal preparation process. 

The program managers are becoming more insistent that proposals integrate research and education, and we commend them on this effort. There are no apparent trends in either submission or acceptance numbers from underrepresented groups; we believe that this simply reflects the demographics of the climate research community. The COV found that the portfolio of jackets examined exhibited a balance of solid science. We found that the program managers identified and facilitated proposals that could be considered high risk and/or innovative. We found at least one example of an interdisciplinary and innovative proposal in which the program manager was especially facilitating. 

A.3 Large-scale Dynamic Meteorology Program

A.3.1 Program Description

The Large-scale Dynamic Meteorology (LDM) Program supports research aimed at improving the understanding of the dynamics of the troposphere and stratosphere, spanning spatial scales from the synoptic to planetary and temporal scales from a few days to intraseasonal.  Research areas include atmospheric waves and their interactions, jet streams, extratropical cyclones, tropical cyclones, stratospheric-tropospheric exchange, the general circulation of the troposphere and stratosphere and large-scale tropical dynamics.  The program also supports research on numerical weather prediction and on predictability ranging from theoretical studies of predictability to research related to the improvement of numerical models including data assimilation, model initialization, numerical techniques, and ensemble prediction.  The LDM Program Directors are also responsible for ATM's portion of a subcomponent of NSF's Global Change Research Program:  Water & Energy - Atmospheric, Vegetative, and Earth interactions (WEAVE).  This program supports investigations of the role of clouds, energy, and water in global climate change and the representation of associated processes in climate models.  Research topics range from determining various aspects of the water and energy cycles from land surface - atmosphere interactions to the effects of aerosols and clouds on radiative transfer.

A.3.2 Large-scale Dynamic Meteorology Process Review

The LDM Program received 107 proposals during the 1998-2001 period. We examined 14 proposals (13%) which resulted in 6 awards and 8 declinations.  Our criteria for selection included looking at declined proposals that were well reviewed, awarded proposals that received lower-than-average reviews, and maintaining a balance among young and senior researchers.

Question 1. How effective is the program’s use of the merit review procedure?
All proposals examined used external peer reviews.  During the period considered (1998-2001), the initial LDM program manager left to become the Senior Science Coordinator for LARS and the program is currently managed by two outside scientists on 1/2-time IPAs with NSF.  We examined this transition period for discontinuities in the quality of management and found none.  The COV found that the LDM Program's review process was highly effective, with significant and conscientious effort made to arrive at scientifically sound and balanced decisions.  The time to decision process varied from 5 to 9 months, with the longer periods resulting from responses by PIs to reviews and negotiations of adjusted awards.  The documentation was complete and well-organized.  We found that the program managers exercised both reviewers' opinions and their own scientific judgment to make decisions.  Although not in agreement in one or two cases, we found that their decisions, as written in "form 7," reflected careful thought, consideration of many factors and were well substantiated.

Question 2: How successfully did reviewers implement the NSF Review Criteria?

We found all reviewers addressed the intellectual merit criterion to varying degrees.  Some reviewers were very terse and not very helpful in their comments, but most were more than adequate.  Earlier proposal reviews barely addressed the "broader impacts" criterion at all, but this increased to about 50-75% of reviewers by 2001.  Among those that responded, most provided brief comments on educational aspects, student production and the affect of the PI's work on the field and society.  In general, it appears as if the reviewers did not yet treat these criteria very seriously.  Program officer decisions, as reflected in "Form 7" narratives, also concentrated mostly on scientific merit, with some weight being given to broader impacts in a few cases.  Although balancing considerations such as institutions, regions, gender, and minorities were not explicitly discussed in the narrative, a balanced portfolio did result.

Question 3: How appropriate is the reviewer selection process?
The number of reviewers ranged from 4 to 7, with 5-6 most common.  We saw evidence that in potentially more controversial cases, an above-average number of reviews was solicited.  The program officers had an excellent command of the national expertise in the different subject areas, which was not just limited to university researchers.  This resulted in an appropriate balance of reviewers among institutions, regions, and gender.  The program managers' knowledge of the reviewers' professional careers enabled them to identify potential conflicts of interest and to keep inappropriate reviewers from being used.

Question 4: What is the overall portfolio of awards?
Our impression is that the overall quality of the science being supported is excellent.  Many prominent scientists as well as promising young scientists are being supported. The difficult process of balancing scope, size, and duration of awards was well handled.  Funded proposals that had a greater variance of review ratings or lower average scores, often received awards that were appropriately reduced in scope, size, or duration so that the PI still had the opportunity to begin the research at a level sufficient to address the concerns of the more negative reviewers.

The LDM Program is supporting research in emerging areas of predictability, ensembles, data assimilation and targeted observations (including support of THORPEX and USWRP objectives), use of new observing technologies such as GPS and driftsondes, and impacts of ENSO and QBO on seasonal weather.  Workshops on new areas of research were sponsored or co-sponsored and served to bring together people from different disciplines.

The data show that new PIs have a slightly lower success rate although it is difficult to assess if they may be "getting into the system" via the co-PI route.  We saw evidence of new PIs having their first or second proposal rejected but eventually being funded, presumably as a result of proposals improved by the peer-review process.  There was another example where an award was given to a new PI despite a very negative review by a senior scientist whose earlier findings were being challenged; this is an encouraging sign that a young scientist can get opportunities to test their ideas.  One CAREER award was made by LDM during this period.

Two REU supplements were awarded in the third year of the period.  More advantage of these opportunities could perhaps be made by the PIs.  Training of graduate students, of course, is prevalent in nearly all awards and, in at least one case, was one of the reasons a lower-rated proposal still received an award.  

No evidence was detected of an increased number of applications from underrepresented groups.

Two SGER proposals were funded during this period.  There was considerable evidence of multidisciplinary activity as LDM worked with at least five other Divisions within NSF (and all programs within LARS) to find support for proposals.  One program official managed the reviews for NSF's Biocomplexity in the Environment research initiative.  Most proposals were innovative to some degree and no attempt was made to determine the "most innovative."  One well-reviewed proposal for an innovative observing tool for tropical cyclones was declined based on its large cost and risk, but a subsequent proposal smaller in scope was encouraged and has been submitted.

A.4 Mesoscale Meteorology Program
A.4.1 Program Description

The Mesoscale Dynamic Meteorology Program (MDM) supports research on all aspects of mesoscale meteorological phenomena, including studies of the morphology, dynamics, thermodynamics, and kinematics of mesoscale systems; mesoscale precipitation processes; and energy transfer between scales. Weather phenomena studied include regional and local weather that is either life threatening or economically disruptive. MDM plays the lead role for NSF participation in the U.S. Weather Research Program (USWRP). 

A.4.2 Mesoscale Meteorology Process Review
Question 1. How effective is the program’s use of the merit review procedure?

The overall design of the review mechanism is excellent.  Reviewers and panel members are thoughtfully selected and are well-respected experts in their field.  Among our sample of jackets, we did notice three issues that are worth mentioning in this report.  Proposals associated with a major field program or an interagency program (e.g., USWRP) were funded or declined based on the recommendation of a review panel rather than the ad hoc mail reviews. We saw examples of a proposal rated as ‘good’ by the mail reviewers being funded and a proposal rated as ‘excellent/very good’ by the mail reviewers being declined. According to Form 7, the latter decisions were based on the panel recommendation rather than the mail reviews.  A second issue was that the reviewers were all males for the 2 research proposals that we read submitted by female investigators.  In contrast, one REU proposal that was submitted by a female investigator had 2 female reviewers out of a total of 5. It would seem desirable to seek an arrangement where at least one female reviewer was included on proposals submitted by females, if possible. Finally, we noted that the PO was extremely helpful in providing guidance to PIs whose initial submissions were declined support but their subsequent resubmission was awarded support.  

Time to decision was very good, the documentation was very complete, and review procedures were consistent with priorities and criteria stated in the program’s solicitations, announcements and guidelines.   However, the COV had to “hunt” to determine the official submission date and declination/award date of the proposals.  This information should be more clearly documented for future COVs.  We would also recommend that a cover sheet provide information concerning the number of years after the PI’s Ph.D or highest degree.  Information on “young” PIs is as important as the “female/minority” category.

Question 2: How successfully did reviewers and program managers implement the NSF Merit Review Criteria? 

The reviewers did an excellent job addressing the intellectual merit criterion.  However, many reviewers did not address or only gave superficial answers to the broader impacts criterion.  In one instance, this lack of criteria 2 information was even noted on Form 7 by the MDM PO.  While the PO always gave superb assessments of the intellectual merit of the proposals, in some instances he could have provided clearer discussions of the broader impacts of the proposal.  Perhaps, the letter soliciting the review needs to more strongly emphasize this criterion.
Question 3: How appropriate is the reviewer selection process?

The number of reviewers sought was appropriate and had superior qualifications and expertise. Reviewers reflected a geographic balance and were from a variety of institution types. As previously mentioned, we observed the lack of female reviewers for proposals submitted by female PIs.  The PO’s Form 7 synopses are outstanding in terms of recognizing and resolving conflicts. In one instance a review was discarded because of the potential appearance of a conflict.

Question 4: What is the overall portfolio of awards?

The overall quality of MDM supported science was outstanding.  The PO did an excellent job adjusting durations and budgets in view of the extent of the work.  In addition, the PO identified and supported emerging opportunities in 2 out of the 17 proposals that were reviewed.  The system does appear to be open but we argue that the definition of new investigators should be revisited.  It is important for health of the sciences to identify and aid young people that are embarking on a productive research career.  We note what appears to be a steady number of submitted proposals from underrepresented groups and there was an appropriate balance of projects characterized as high risk, multidisciplinary, and innovative.
A.5 Physical Meteorology Program

A.5.1 Program Description

The Physical Meteorology program supports basic research on the physics of the atmosphere. Areas of research sponsored by the program include but are not limited to:

•
cloud and precipitation physics

•
atmospheric effects on the transfer of solar and terrestrial radiation

•
new methods of observing the atmosphere

•
atmospheric electricity

•
micrometeorology, in particular turbulence, boundary layer processes, and wave phenomena in the lower atmosphere.

A.5.2 Physical Meteorology Process Review

Question 1. How effective is the program’s use of the merit review procedure?

The Physical Meteorology Program relies primarily upon mail reviews, and decisions are clearly influenced also by the program director's considerable expertise in physical meteorology. Decisions are not simply the result of numerical weighting of the reviews, but significant departures from the advice of the reviewers are exceptions and the reasoning supporting such decisions is documented thoughtfully and extensively.  The program director uses the advice he receives effectively but still exercises considerable judgment in the selection of projects to support. We believe this is an effective way to implement a decision process that, while appropriately considering the advice received, still applies judgment and scientific expertise when using that advice.  The high respect accorded the program manager by those working in these scientific areas makes this style of review possible.

Our impression is that the review process is impartial and based on good scientific judgment. In particular, there is no evidence of bias (either toward investigators known to the director or in terms of scientific topic).  There is a clear effort to support some "high risk" activities that might lead to surprises or unexpectedly important results, and there appears to be some appropriate leniency offered to include new investigators whose proposals might suffer from their inexperience. Our review found very few examples of decisions that were open to question. 

The statistics indicate that this program is exceptionally responsive. The average time to decision in 2001 is 4.2 months, and 88% of proposals are dealt with within 6 months. This is remarkable considering how difficult it is to get reviewers to respond this quickly. The response time from reviewers almost completely determines the time to decision; the program office is exceptionally efficient in processing this information once it is received. 

Documentation supporting decisions was remarkably thorough and thoughtful. Reviewers' comments are often summarized more cogently than they were originally stated, which gave us confidence that the information received from reviewers is considered carefully and completely. Reasons for decisions, especially in cases of departure from the advice or reviewers, are clearly stated and justified. The level of documentation provides clear evidence that the program director thoroughly understands each proposal and devotes much thought to its evaluation. 

The program defines physical meteorology broadly and considers a wide range of scientific topics, some requiring collaborative evaluation with other programs. The decisions we reviewed appear to be fully consistent with stated evaluation criteria, which in this case are primarily exemplified in the merit review criteria. Supported projects all have strong scientific justification and the potential of important contributions to scientific knowledge. In cases of joint evaluations with special programs (e.g., CAREER, POWRE), decisions incorporate the objectives of those programs as well. 

Question 2: How successfully did reviewers and program managers implement the NSF Merit Review Criteria? 

The program successfully implements the merit review criteria. Over the course of the three-year review period, reviewers displayed increased attention to the procedures and scope of the NSF Merit Review Criteria.  In Year One (FY1999), relatively little attention was given to the new criteria; instead, reviewers clung to the procedures of the old review criteria.  By Year Three, reviewers consistently addressed both of the two broad criteria.  In addition, most reviewers prefaced their reviews with a thorough discussion of the scientific merit and issues surrounding the proposal.  This seemed to represent a very effective way of providing a sound scientific review while addressing the specific requirements of the NSF criteria.

The program director consistently addressed the two review criteria in his summary analysis of the reviewers comments, coupled with his own scientific knowledge of the field. The two NSF criteria are appropriate to evaluating the strengths and weaknesses of the proposals.  However, the COV noticed that reviews that included a separate section addressing the scientific strengths and concerns provided a very effective approach – essentially integrating the best of the new and old NSF review systems.

Question 3: How appropriate is the reviewer selection process?

The number of reviews solicited – typically six or seven – provided a sufficient basis for obtaining a well-balanced review.  The number of reviewers who did not respond with a review averaged about two; hence, the number of reviews available typically was five.

The program director consistently sought reviews from a diverse and highly experienced group of reviewers. Reviewers were chosen with an appropriate balanced of institutions and geography. (It was not possible to determine reviewer balance by their  ‘groups.’ )

The program director consistently provided high quality detailed summary reports summarizing the salient aspects of the proposals, the comments of the reviewers, and the basis for his decision. Especially positive was the request for clarifying comments solicited from the PIs who were ultimately given grant awards.

Question 4: What is the overall portfolio of awards?

The overall quality of the awards was uniformly high, and awards appeared appropriate in terms of scope, size and duration, and inclusion of a few high-risk ventures.

There has been good inclusion of new investigators in the awards, although their success rate (perhaps as expected) is below that of experienced investigators. The program seeks out and supports proposals that encourage education as part of the research program, and essentially all proposals integrate graduate education into the research projects. In regard to under-represented groups, it is not possible to determine whether there is a positive trend here because the numbers of proposals are so low. Declinations we explored from this group were appropriate. The message here may be to explore ways to increase the pool of investigators from these groups.

The awards that were reviewed included high-risk, multidisciplinary, and innovative categories, and we encourage continued inclusion of such awards at levels at least as high as in this sample. 

A.6. Paleoclimatology Program

A.6.1 Paleoclimatology Program Description

The program director is responsible for the management of the Paleoclimatology Program (PCP) and the administration of the Earth Systems History Program  (ESH).  The PCP was devolved from the Climate Dynamics Program in 1995 and sponsors fundamental research to reconstruct the history of the earth’s climate and determine the processes that control the climate over distant and recent geologic time. Paleoclimatic records are obtained from terrestrial and marine sedimentary deposits, ice-cores, tree rings and other sources. Funding is also provided for the development and application of climate model experiments applicable to paleoclimatic questions.  ESH is an interdisciplinary initiative that is part of the U.S. Global Change Research Program and a U.S. contribution to the  Past Global Changes (PAGES) project of the International Geosphere-Biosphere Program (IGBP). ESH is supported by financial contributions from the Geosciences Directorate (Atmospheric Sciences, Earth Sciences and Ocean Sciences). In the past ESH also received contributions from the Office of Polar Programs (Arctic Systems Sciences and Arctic Natural Sciences). The ESH program differs from PCP in its greater emphasis on climatic changes that can be related to patterns and processes of future global change. The number of proposals for ESH funding has continued to increase to the point where these proposals represent the overwhelming majority of those handled by PCP. 

A.6.2 Paleoclimatology Process Review

The COV members examined a number of lines of evidence to determine the performance of the PCP. Such evidence included presentations from the associated Section Head, Division Director and Program Officer. NSF officers and staff were also interviewed. Statistical data on proposals, PIs, awards and other facets of the program were provided for inspection. When additional information or statistical data were requested, such requests were fulfilled in an expeditious and forthright manner. The COV also performed a detailed analysis of the documentation of a sampling of 34 proposal jackets from a total of 252 that were processed by PCP and ESH over the period 1999 through mid-2001. Of those proposals 18 had generated awards and 16 were declined. The proposals were selected to provide a sampling of PCP and ESH applications over the three-year period, large and small awards, awards and declines for new and previous NSF PIs and males and females. The findings of our examination are presented below. We preface these findings by noting that there were three different Program Officers responsible for PCP during the period we reviewed. Although these are some expectable differences between the styles of communication by the Program Officers, the handling of proposals was similar, and unless noted, our comments relate to actions over the entire period of review.

Question 1. How effective is the program’s use of the merit review procedure?

The PCP proposals are reviewed by a number of mail reviewers and the program manager who makes a final decision on the basis of the mail reviews and his own judgement.  These procedures appear to be satisfactory for the PCP proposals. ESH proposals are subjected to review by mail reviewers, an interdisciplinary panel and the program manager. Given the broad scope of the often large and interdisciplinary ESH proposals, and the large numbers of such proposals it is extremely beneficial to enlist a panel in their review. The design of the review processes for PCP and ESH are satisfactory.
Many of the mail and panel reviews provide detailed assessment of the intellectual merit of the proposals, and in may cases of their broader impacts. The analysis and comments of the Program Director display a careful review of the proposal and the review comments and panel discussions. The review process is effective.

The time between submission and a decision on most proposals ranged from 4 to 7 months. Given the large number of proposals handled by the program, the requirements of a panel for ESH proposals, and the large number of mail-reviews that are solicited, the time to decision for the program is appropriate.

Documentation of the procedures and specific information for making decisions was generally excellent. One Program Director included his rough notes from the panel discussion. Although all Directors provided good summations of these discussions, the inclusion of the rough notes made at the time of the meetings were a useful addition.

The comments of mail reviewers, panel members and Program Officers all showed great recognition of and fidelity to the priorities and criteria stated in the program announcements. Final funding decisions also reflected these criteria, priorities and guidelines.
Question 2: How successfully did reviewers and program managers implement the NSF Merit Review Criteria? 

The mail reviews and Program Officers were consistent in addressing the intellectual merit of the proposals, often in great detail. The COV felt that intellectual merit of proposals was subjected to an appropriately high degree of scrutiny by reviewers, panels and Program Officers. Many of the reviewers also addressed the broader impacts of the proposals. The number of mail reviewers addressing the broader impacts of the proposals appears to have increased over the course of the three-year period. The Program Officers were not consistent in addressing the broader impacts of the proposals. It is noteworthy that the most recent Officer very explicitly addresses broader impacts in his highly structured written comments on each proposal.
Question 3: How appropriate is the reviewer selection process?

In most cases there were mail reviews or combinations of mail reviews and panel reviews that totaled between 6 and 12 independent analyses of proposals. The number of reviewers who  declined to review was often relatively high (30%-40%) and some proposals had only 3 or 4 mail reviews. The relatively high number of declines to review appears to reflect the increasingly large number of proposals being received. It was clear from the documentation that much effort was expended by the Program Officers to get people to return mail reviews.

The reviewers were extremely competent in the subject area. On occasion reviewers did decline to review because of their feeling of lack of expertise. This is expectable with large multi-disciplinary proposals. We did not find evidence of conflicts or unduly close relationship between reviewers and NSF staff. The reviewers reflected the research community at large in terms of general geographic distribution, institution type, minority status, and gender. We encourage the program to continue efforts to include a diversity of reviewers, particularly in a more active recruitment of minority and female reviewers.

Question 4: What is the overall portfolio of awards?

The overall quality of the science in the proposals was very high. This is attested to by the relatively high mail and panel scores for most proposals – funded and declined. The funding levels for the awards and the duration of the awards were appropriate to the projects proposed. It was often the case that negotiations took place on budgets between the Program Officers and investigators to maximize the science relative to the costs. In these efforts the mail review and panel comments appeared to be important.

The balance of funded and declined proposals between high risk and more certain research and between large projects and larger multi-disciplinary projects appeared appropriate. The decision process may be difficult in the future because it appears that the size and scope of larger projects has increased in recent years.

The COV carefully considered the treatment of new investigators by PCP and ESH. On balance it was found that new investigators were treated fairly and encouraged even in cases of declines. The communication between the PO and PIs whose proposals were declined with respect to how the proposal could be improved was good.

The overall numbers of women and minority applicants is relatively low, reflecting the PCP and ESH community at large. It is difficult to find any evidence of a trend in the funding of these underrepresented groups. A number of women researchers are clearly well supported and extremely productive members of the PCP and ESH community. The number of women and minority applicants is likely to increase and they should be encouraged and provided all due advice by the program.

Funding by PCP and ESH is very well and appropriately distributed between high risk, multi-disciplinary and innovative research. As stated above, it remains a concern how the current level of funding can support this balance in light of the very expensive multi-disciplinary proposals that have become increasingly common.
B. RESULTS: OUTPUTS AND OUTCOMES OF NSF INVESTMENTS 

This section of the report evaluates the overall outcome of the processes used to fund research in the Lower Atmospheric Research Section. NSF has defined three Strategic Outcome Goals. These are the People Strategic Outcome Goal, the Ideas Strategic Outcome Goal and the Tools Strategic Outcome Goal. We discuss each relevant indicator for each strategic outcome and determine whether, in our judgment, LARS as a whole has succeeded in meeting these goals. We also examine the portfolio of current awards, and whether strong performance is likely towards meeting these goals in the future.

B.5. PEOPLE Strategic Outcome Goal

The PEOPLE Strategic Outcome Goal may be assessed by examining the performance of the LARS programs in the development of a diverse, internationally-competitive and globally-engaged workforce of scientists, engineers, and well-prepared citizens. The instructions to the COV suggest that the following five overall indicators can be used to assess performance. Four of these are relevant to the work of LARS.

a. Improved mathematics, science, and technology skills for U.S. students at the K-12 level

b. Improved mathematics, science, and technology skills for citizens of all ages, so that they can be competitive in a technological society

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

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

e. A public that is provided access to the processes and benefits of science and engineering research and education.
a. Improved mathematics, science, and technology skills for U.S. students at the K-12 level

The development of improved skills for students at the K-12 level is a part of NSF covered under the “education” directorate so this indicator was not evaluated. However, there are instances where the LARS has provided funding to improve students at this level. For example, funding was provided to bring high school and middle school students from under-represented groups to a summer camp at Penn State University [ATM-0108865]. 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. Time was allowed for social events, some with a meteorological theme.

b. Improved mathematics, science, and technology skills for citizens of all ages, so that they can be competitive in a technological society
Improved mathematics, science, and technology skills are a natural outcome of research within the atmospheric sciences for the graduate students and undergraduate students who participate in the NSF-funded grants within LARS, since these skills are an integral part of carrying out the necessary research. By far the overwhelming majority of research funded within the Section includes funds to support graduate students--most of the programs represented within LARS are mainly graduate-level educational activities within University departments. As a result graduate students are the main recipients of the mathematical, scientific and technology training that occurs from the research funded through LARS awards. Awards are also made to enhance the professional development of emerging scientists. For example, the ACCESS [Atmospheric Chemistry Colloquium for Emerging Senior Scientists] program brings together senior graduate students and post docs in Atmospheric Chemistry. Following the ACCESS meeting, attendees participate in the Atmospheric Chemistry Gordon Research Conference. It has served to build long-lasting professional relationships that have made a difference to the individuals and the field as a whole. 

In spite of the focus of Atmospheric Science on graduate education, COV members noted that undergraduate students are frequently included in the grants being funded. COV members noted that there are also a number of research grants that are used to also support targeted programs such as the Research Experience for Undergraduates (REU) and the Research in Undergraduate Institution (RUI) program. All programs had examples of awards specifically geared towards undergraduates. As an example, the Paleoclimatology Program awarded 5 REU proposals or proposal supplements [ATM-0105510, 0121049, 0082376, 9817560, 9986074] during the past year and 1 RUI proposal [ATM-0117170]. The COV finds that support for graduate students and hence development of graduate level skills in the areas of mathematics, science and technology is an integral part of most funded awards. Hence this is a very important indicator of success in this area within the Lower Atmospheric Research Section.

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

There are specific examples within LARS of diversity-building efforts and we cite a few here. For example, a REU project led by Gerald Grams (ATM-9732357) 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 (ATM-9912073, ATM-9912051, and others). The objective of SOARS is to provide support for students from under-represented groups to enter graduate school in atmospheric and related science. Participation in STEPS was a valuable contribution to that objective.
Overall strength in building diversity within the Atmospheric Sciences may be examined by the funding rate for women and minorities within the Atmospheric Sciences relative to other areas within the Geosciences Directorate as well as within the NSF as a whole. Progress in this area may also be gauged by examining funding rates over time within each of these categories.
To examine this issue, LARS provided annual statistics from 1991 for funding for all categories of research within ATM, for female investigators, and for minority investigators. Similar data for the Geosciences Directorate and the NSF as a whole were also examined. 

Overall during the time period examined, the funding of competitive awards initially decreased from 1991 and then climbed after this initial decline (Figure 1). This overall trend was also present within the Geosciences Directorate and within the entire NSF as a whole. The funding of awards in 2001 has decreased significantly from that of the previous years. Part of this decline may reflect the fact that the data available in the NSF data base only reflected actions recorded as of the time of review, so that actions for the entire year were not fully available.
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Figure 1. Overall competitive awards within the Division of Atmospheric Sciences.

Funding for minority investigators has remained between 4 and 6 investigators per year over the last three years. This represents an average funding rate of 34%. The number of funded proposals for minority investigators has varied between 1 and 11 over the last 10 years, with funding rates between 8% and 88%. The rate of funding is somewhat lower than it is for all investigators within the Atmospheric Sciences. This is also true for the Geosciences Directorate as well as for the NSF as a whole. Because of the small number of grants and grant applications for minorities within the Atmospheric Sciences, it is difficult to draw any conclusions with regard to trends in this area.

Female investigators on average represented 10% of all investigators over the last three years within the Division of Atmospheric Sciences and participated in the general increase in funding that has taken place over the last 10 years (Figure 1). The average proposal acceptance rate for female investigators over the last three years is 43%. This compares to an average funding rate for all investigators of 48%. The funding rate for female and all investigators within the Atmospheric Sciences for all years since 1991 is shown in Figure 2. Before 1998, female investigators enjoyed a higher funding rate than all investigators, but since that time the funding rate for female investigators has declined relative to the funding rate for all investigators. In 2001 the funding rate had declined to 36% compared to an overall funding rate of 50%. While the current year may be unusual for any number of reasons, we suggest below that this is an area that the Lower Atmospheric Research Section may wish to continue to monitor. 
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Figure 2. Funding rate (number of competitive awards out of total received) for all investigators and female investigators within the Division of Atmospheric Sciences.

d. Globally engaged science and engineering professionals who are among the best in the world
The nature of many of the questions that are being addressed within the atmospheric science community is beyond the local scale. Because of this it has proven effective for the scientific community to organize itself internationally in order to facilitate further progress within a given aspect of atmospheric science. 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.  Several LARS Programs have made important contributions in these areas.  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 [ATM-9908980]]. 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 ESH is one of the two major financial sponsors of the Past Global Changes (PAGES) initiative of the International Geosphere Biosphere Program [ATM-9803960]. 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 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. 

Another area where NSF has been instrumental in developing international programs is through the Mesoscale Dynamic Meteorology (MDM) Program. The MDM Program has been instrumental in helping to establish the World Weather Research Program (WWRP).  Two international field programs were recently conducted under the auspices of the WWRP.  Sydney 2000 was an international nowcasting program, conducted in Sydney, Australia, in conjunction with the Olympic Games but extended over a longer period. Here the role of MDM support was to provide organization and coordination activities while the research funding came from other NSF programs and also from other federal agencies and foreign governments.  Participating researchers came from the U.S., Australia, Canada, and the U.K. 

The Physical Meteorology Program similarly supports very high quality, global field programs.  One such program was DYCOMS, a study of cloud microphysics, boundary-layer entrainment, and evaluation of the applicability of large-eddy simulation modeling of the coastal marine boundary layer [ATM-0097053, 0103951, 0104707, and others].  In addition to the US participants, DYCOMS included researchers from France and Poland.  PMET also contributed to support of the CASES-99 observational program, led by the Army Research Office and conducted in Kansas [ATM-9807768, 9906637, 9907092, and others].  CASES-99 sought to provide a testbed for obtaining high quality, comprehensive boundary layer and hydrological measurements in a small watershed in order to probe the structure of the nocturnal boundary layer and to seek to close the water balance in a small watershed.  In addition to numerous US investigators, CASES-99 also involved European scientists from Scandinavia, Spain and The Netherlands.

The Climate Dynamics Program (CDP) supports many premier scientists who are engaged in globally oriented programs. These programs most notably include CLIVAR (Climate Variability and Prediction). This program deals with natural climate processes on seasonal to decadal timescales (e.g., El Nino Southern Oscillation, the Arctic Oscillation, and the Pacific Decadal Oscillation). There are of order 25 awards that help support these programs.

Another example from Mesoscale Dynamic Meteorology is the Mesoscale Alpine Programme (MAP). The MAP brought an international cadre of scientists to the Alps to explore the three-dimensional effects of complex topography on weather [e.g. ATM-9875021, 9817700, 9817728, 9816160, 9907812, 9906012, 0002735, 0096876, and 0112354]. The objectives of the U.S. component of MAP were to study 1) dynamics and microphysics of orographically generated heavy precipitation events, 2) the dynamics of mesoscale terrain-induced airflow phenomena, particularly upper level gravity breaking, potential vorticity generation, and gap flow. The European objectives were especially focused on orographic flooding and gap and downslope winds.  The European community contributed substantial observational assets and provided managerial and data management infrastructure.  This international collaboration enabled an impressive research effort that could not have been undertaken otherwise.

In addition to these examples, there are a large number of LARS-supported U.S. scientists who participate in and contribute to the work of the International Panel on Climate Change, an international group that provides scientific assessments for the governments of the world regarding the causes of and projections for climate change. Although these scientists are not directly supported to work for IPCC, the fact that NSF has supported their research and that they have been asked to serve on the Scientific Working Group for the IPCC is testament to the fact that NSF is supporting researchers who are world class and globally engaged.

e. A public that is provided access to the processes and benefits of science and engineering research and education

Perhaps more than any other area, 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 tornadogenesis. This knowledge was directly translated to more accurate tornado forecasts (tornado watches) being issued by the National Weather Service [ATM-9801720, 9876450, 9912097, 0000592, 0003869]. 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 [ATM-0002255]. 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. 

In the area of climate change research, several of the examples cited later have helped establish the unusual nature of 20th century climate change and the causes of climate change. Many of these results are provided both to the public (through web sites and news articles) and to policy makers through reports by the Intergovernmental Panel on Climate Change. For example, Keeling’s and Bender's work on the change in the ratio of O2 to N2 has helped to establish the role of the ocean in changing CO2 concentrations [ATM-9612518, 9911319]; Thompson’s work on alpine ice cores which establishes that 20th century was warmer than any time during the last 1000 years [ATM-9523237]. Moreover, the public is provided access to a rich and educational range of results out of research supported by the CDP.  For example, the results of climate modeling scenarios of future climate change carried out with the NCAR CCSM whose development is a community effort (see Section B.7; Indicator b) are available from the National Center for Atmospheric Research (NCAR). Output from the NCAR models was used in the recent IPCC Scientific Assessment.  As another example, scientists supported by the CDP contributed model results and downscaling results to the U.S. National Assessment Report, and those results are widely available via paper publications and websites.

Summary of Performance in the PEOPLE Strategic Outcome Goal: 

The COV concludes 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.
B.6. IDEAS Strategic Outcome Goal

In this part of its report, the COV evaluates the performance of the LARS programs in enabling discovery across the frontier of science and engineering connected to learning, innovation and service to society. The COV was asked to specifically address the following indicators that can be used to assess performance. All four indicators are relevant to the work of LARS.

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

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

c. Partnerships connecting discovery to innovation, learning, and societal advancement; and

d. Research and education processes that are synergistic.

a. A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning
Atmospheric science per se is not classified as a fundamental science in the same way as mathematics or physics might be. Therefore, advances may not be classified as enhancing progress in all science and engineering areas. However, there are important discoveries and developments that occur within atmospheric science that have applications beyond only those in this field. For example, the development of aerosol mass spectrometers has taken place, in part, as a result of LARS support [ATM-9905551]. 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 [e.g. ATM-9814295, 0082131, 0071342]. These studies both initiated and contributed to chaos theory, which has been applied by many disciplines.  [This work continues today.]  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 assimilating 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.).

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

There are a number of notable discoveries that have advanced the frontiers of the atmospheric sciences, but we have restricted our description to three areas which have advanced not only their own sub-discipline, but which have applications across different areas in atmospheric science and even beyond atmospheric science.

The Annular Mode of Atmospheric Circulation (Arctic Oscillation)

The Arctic Oscillation, an annular mode of the 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 [ATM-0003039] and Wallace [ATM-9805586]. 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 [ATM-0001325, 0001326, and 0002485]. 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 [ATM-0002267, 0116941].  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.

Carbon and Oxygen Cycles

Understanding the global carbon cycle has become central to predicting future climate changes. In this connection, it is essential to understand the fate of anthropogenically generated CO2. There are two main sinks for this gas, namely dissolution into oceans and uptake by growing vegetation.  Global variations in the O2/N2 ratio provide information about the partitioning between these two sinks. The uptake of CO2 by the continental biosphere should be accompanied by a corresponding increase in O2 released by the vegetation. The CO2 uptake by the ocean is not reflected by increases in the atmospheric concentration of O2.

Sponsored by the Atmospheric Chemistry, Climate Dynamics, and Chemical Oceanography Programs, the research groups of M. Bender and R. Keeling pioneered the use of high precision measurements of the O2/N2 ratio in air to study the biogeochemical cycles of carbon and oxygen.  Using two independent techniques, mass spectrometry and interferometry, they have documented regional and global variations in O2/N2 and explored the use of this data to place constraints on the fluxes of CO2 and oxygen between the atmosphere, ocean, and terrestrial biosphere [ATM-9612518, 9911219].  The combination of atmospheric O2/N2 and CO2 provides a powerful tool to study the fate of fossil fuel CO2 because it allows discrimination between uptake via inorganic dissolution in the oceans (which does not release oxygen) and photosynthesis (which does release oxygen).  The record to date has revealed significant interannual variability in the magnitude of the terrestrial biospheric sink for CO2.  The ability to detect interannual variability in these fluxes is invaluable in terms of understanding the factors controlling them.  For example, 1998 appears to be an anomalous year during which apparently all of the anthropogenically emitted CO2 remained in the atmosphere and O2 fell abruptly.  This suggests that more CO2 than usual was released by the land biosphere.  The absence of net sequestration of atmospheric carbon by the terrestrial biosphere may be due to the recent El Nino.  This line of research has a significant impact on several fields of research, including climate, ecosystem studies, and oceanography.  The ability to monitor these fluxes in real time is clearly a critical asset in terms of developing the capability for managing a national or global carbon emission strategy.  

Figure 3 below illustrates the findings of these two groups. It shows simultaneous measurements of CO2 (the rising lower lines) and of the change in the O2/N2 ratio (the descending lines) as a function of time measured at several observing stations. The important role of vegetation in the Northern Hemisphere is evident from the top curves, which represent data from the Northern Hemisphere station. Analyses of such data will provide the information necessary to constrain the partitioning between the ocean and terrestrial biosphere sinks. 
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Figure 3. Seven-year record of O2/N2 ratio measurements at remote sites representing different latitudes. O2/N2 data are from the Bender and Keeling research groups, the CO2 measurements at the same sites were made by Tans et al.

Climate Change, Cirrus Clouds, and Radiative Transfer in Clouds

One of the most uncertain aspects of climate models is their treatment of clouds. Lindzen [ATM-9813795] has made a discovery with potentially significant implications for global climate change scenarios.  The PI and collaborators have analyzed the distribution of upper-level cirrus (obtained from the Japanese geostationary satellite, GMS-5, which provides high spatial and temporal resolution coverage over the western-central tropical Pacific) and National Centers for Environmental Prediction (NCEP) sea surface temperatures (SSTs). They find a strong inverse relation between cirrus cloud area and the underlying SST: the cirrus coverage, when normalized by a measure of the cumulus coverage, decreases about 22% for each degree ((C) increase in cloudy region's SST.  The hypothesis put forward is that higher SST increases the cumulus precipitation efficiency, which, in turn, reduces cirrus detrainment.  The finding suggests that the earth has a natural adaptive infrared ‘iris’ that opens and closes the upper dry regions in order to control the Outgoing Longwave Radiation in response to SST changes, in a manner similar to which a human iris reacts to changing light levels.  If confirmed, this negative feedback mechanism can greatly diminish modeled climate sensitivity, particularly, in the global change context, since their preliminary analysis of GCM simulations indicates that models lack such a negative cloud/moist areal feedback.

Substantial progress has been made toward understanding the influences of clouds on the radiation balance of the earth. A major component of this progress has been improved understanding of light scattering by ice crystals in cirrus clouds. A leader in this development is Kuo-Nan Liou [ATM-9907924 and predecessors], whose studies of the effects of ice clouds on radiative transfer established the basis for incorporating such transfer into cloud models. Liou also pioneered in the use of remote sensing for characterizing the properties of cirrus clouds, and has used the results of such remote sensing in his applications to climate. He is now continuing this work through the design and construction of a balloon-borne instrument that will be able to measure the scattering phase function of an ensemble of ice crystals. 

Although physically based and rigorous, Liou's representations of radiative transfer are computationally expensive and so have not be incorporated into climate models except in special studies. To surmount this problem, Stephen Warren [ATM-9813671] developed new representations of the light scattering by ice crystals that require much less computation that earlier approaches, making it more practical to represent the complex scattering from ice crystals in models. 

Other experiments that have contributed to improved understanding of cirrus crystals are those of Marcia Baker [ATM-9528049] and the follow-up experiments of Brian Swanson [ATM-9906538], who constructed a system for suspending individual ice crystals in a light beam and studied the scattering from such individual crystals. These measurements from single crystals, which can determine the dependence of the scattering on particle size, shape, and orientation, provide a complement to the ensemble scattering approach of Liou.

Other projects relevant to cirrus clouds are the remote-sensing measurements of Kenneth Sassen [ATM-9528287]. Through continuing support from ATM over a period of more than ten years, Sassen has developed a remote-sensing facility (lidars, radiometers, and radar) for studying cirrus clouds and has used the polarization-detection capabilities of his lidar to develop and demonstrate the ability to determine cirrus crystal types from a ground based system. This facility has not only provided an extensive and unique data set for related studies but has also been instrumental in the training of graduate students. 

There are other related investigations, some more speculative, that are helping address the important problems associated with the effects of clouds on climate. Together with the above, they are making it possible to represent cirrus clouds in climate models, to interpret field observations of radiative transfer, and to move toward better prediction of how radiative transfer might change in a future climate system.

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

LARS supports many atmospheric research programs that involve large numbers of partnerships – both among multi-disciplinary groups and among international researchers and institutions – many of which connect scientific discovery with innovation, learning and societal advancement.  In addition to the partnerships previously cited in Section 5-d, an especially relevant example is the US Weather Research Program.  The USWRP is jointly supported by NSF (LARS/MDM [e.g. ATM-9612487, 9714387, 9714412, 9817946, 9908944, 9907930, 0001039, 9908446, 0094524, 0108218]), NOAA, FAA, and NRL. Its overarching objective is to conduct fundamental and applied research that will lead to improvements in various aspects of weather forecasting, such as hurricane landfall and quantitative precipitation prediction.  The USWRP supports research of two categories.  One is in the area of physical scientific research, but the second area is focused on identifying the societal needs for forecast information.  The latter seeks to identify societal impacts of weather and weather information, determine the types of weather products that users require, and better understand how these products are or might be used.  This in turn provides input and direction to the scope and focus of certain of the physical research studies.

Another example is from the Paleoclimatology Program. The PCP 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 [ATM-9619458]. 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 (>300 m) and documentation of zooplankton abundance and migration patterns.

The Climate Dynamics Program has participated in many valuable and productive partnerships over the past three years. Examples of these partnerships include collaboration between CDP and the NOAA Office of Global Programs to support the placement of two K-12 teachers on board the research vessel Ronald H. Brown as part of the upcoming EPIC field program [e.g. ATM-0082384, 0082391, 0002322, and others]. The teachers will participate in the science being conducted on the ship, maintain a daily log, take photographs, interview scientist, and engage in dialogue on the special Eastern Pacific Investigation of Climate Processes in the Coupled Ocean-Atmosphere System (EPIC) Teacher At Sea website. Moreover, the experience will allow the teachers to translate their knowledge and enthusiasm to their students more effectively and completely.

d. Research and education processes that are synergistic

We described above under 5b the synergistic nature of research and education within the Atmospheric Sciences. In particular, graduate-level education within most fields of science and engineering takes place primarily through conducting research that is supervised and directed by the faculty at Universities. 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 [ATM-9820587, 0097651]. 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).

Summary of Performance in the IDEAS Strategic Outcome Goal

The COV concludes that the LARS has also been very successful in developing the IDEAS Strategic Outcome. The community of researchers supported by LARS we 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 the research and education processes are synergistic. 
B.7. TOOLS Strategic Outcome Goal

In this part of the report the COV evaluates the performance of the LARS programs in providing broadly accessible, state-of-the-art information-bases and shared research and education tools. The COV was asked to specifically address the following four indicators that can be used to assess performance. 

a. Shared use platforms, facilities, instruments, and databases that enable discovery;

b. Shared use platforms, facilities, instruments, and databases that enhance the productivity and effectiveness of the science and engineering workforce;

c. Networking and connectivity that takes full advantage of the Internet and makes SMET information available to all citizens; and

d. Information and policy analyses that contribute to the effective use of science and engineering resources.

a. Shared use platforms, facilities, instruments, and databases that enable discovery

The LARS programs are not charged specifically with providing shared use facilities, platforms, instruments and databases that enhance productivity by the atmospheric sciences community, since these are separately provided through support via the University Corporation for Atmospheric Research (UCAR) and the Lower Atmospheric Observing Facilities Oversight Section (ULAFOS). ULAFOS is reviewed separately from the programs under review here. However, many scientists create databases as a result of their research which are made available to other scientists (and to the public, if appropriate). For example, within the LDM program there is: 

· daily tropopause and isentropic potential vorticity (IPV) maps [ATM-0089906],

· tropical cyclone data base [ATM-9616818, 0071369], and

· Outgoing longwave radiation (OLR) data sets [ATM-9812429].
While the construction of shared-use tools is not a central goal of LARS, there are many instrument-development projects that eventually move to a shared-use status. An example is the support of the development of a millimeter-wavelength airborne radar in collaboration between the University of Massachusetts [ATM-9713778] and predecessors and University of Wyoming [ATM-0094956 and predecessors]. In this long-term project, the investigators combined the engineering expertise of the former group with the scientific interest and leadership of the latter to construct a new airborne radar and demonstrate its capabilities for detecting the small-scale structures in clouds. This unique facility not only supports the investigators' research but is also now available to the community. It was recently installed on the NCAR C-130 research aircraft where it was used in support of the DYCOMS-II experiment in summer 1991.
Another cogent example is the Lightning Mapping Array (LMA) developed by scientists and engineers at the New Mexico Institute of Technology [ATM-9601652, 9912073].  The LMA uses very accurate GPS timing capabilities to measure the time of arrival of electrical discharges at a dense array of receivers to provide a very accurate three-dimensional map of the structure and evolution of cloud-to-ground (CG) and intra-cloud lightning (IC).  Because IC discharges typically occur about 15 minutes before the onset of CG strokes, the LMA provides added lead time for use in nowcasting the onset of lightning strokes hitting the ground (one of the deadliest weather phenomena occurring today).  It also provides a natural complement to weather radar, and together they offer the promise for improvements in the accuracy and timeliness of short-term forecasts of severe convective weather.  The LMA system was used in the 2000 STEPS (Severe Thunderstorm Electrification and Precipitation Study) field program undertaken in Oklahoma [ATM-9912562, 9912051, 9912073, and others]; other field observing systems included a polarization diversity radar, mobile surface mesonet, T-28 storm penetration aircraft, and balloons to measure electric field strength.  Collaborating research organizations included NCAR, Colorado State University, New Mexico Tech, South Dakota School of Mines & Technology, University of Oklahoma, FMA Research Inc., University of Washington, University of Mississippi, and NOAA NSSL and NWS. Lightning detection systems that measure both CG and IC systems will likely become a valuable research tool for the lightning, convective storms, and nowcasting communities, they may eventually be a good candidate to be supported as an NSF/ATM ULAFOS-supported multiple user facility, and may become an operational observing system that will replace the current CG-only operational technology.

Another example of a shared use instrument developed within LARS is the development of a mobile weather Doppler radar system (Doppler on Wheels, DoW) [ATM-9703032, 0079791]. This instrument was developed in collaboration with NCAR and improved under support from the MDM and the Major Research Instrumentation Programs.  These mobile systems have allowed the collection of more and higher quality data on severe local storms and hurricanes at landfall than previous data collections from fixed location instruments.  The DoWs have played a crucial role in multi-investigator field campaigns, such as the Verification of the Origins of Rotation in Tornadoes Experiment, focussed on better understanding of tornadoes and tornadogenesis.  Among notable events that were observed at close range with the DoWs were the Spencer South Dakota F-4 tornado of May 30, 1998 and the Oklahoma City F-5 tornado of May 3, 1999.

A final example is the WRF (Weather Research and Forecasting) Model - A joint effort between NOAA agencies (NCEP, FSL), NCAR and the universities to develop a high-resolution mesoscale forecasting model for the entire atmospheric community to use not only for research but also for operational weather forecasting (funded by MDM) [ATM-9909007].

b. Shared use platforms, facilities, instruments, and databases that enhance the productivity and effectiveness of the science and engineering workforce;
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 [ATM-9528007]. These data have been transferred to the World Data Center-A. 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 [ATM- 9525844].

A new tool produced out of a CDP award is the development of a Grid Analysis and Display System (GrADS), a desktop computer tool for the graphical display of meteorological and oceanographic data in the forms of grids (model output), stations (in situ observational reports), or images (satellite sensor products) [ATM-9814295]. The software is freely distributed as open source software and has been ported to all major desktop-computing environments.

Another example is the Paleoclimate Program support (through ESH) and development of the major international data center for paleoclimatic information. The World Data Center for Paleoclimatology  (WDCP) is housed at the National Geophysical Data Center of NOAA at Boulder, Colorado. Data sets include tree-rings, lake core records, ice core records, ocean sediment records and corals, developed in part by NSF-supported researchers who are required to send data developed under NSF sponsorship to the WDC. The length of the records range from a few centuries to over 5 million years. Information from the data sets is freely available by the web in most cases and mirror sites for online data exist in Russia and the United Kingdom. Specialized analytic software is also available online. The data sets and analytic software available from the WDCP have become indispensable to many paleoclimatologists throughout the world.

Finally, a third example, includes the many reaction rate constants, heterogeneous uptake coefficients and various thermodynamic parameters that have been measured in laboratory experiments funded in part by the Atmospheric Chemistry Program in LARS. These data are tabulated by the Jet Propulsion Laboratory of NASA for use in both regional and global atmospheric modeling.

c. Networking and connectivity that takes full advantage of the Internet and makes SMET information available to all citizens

This is a secondary issue for LARS. However, there are many projects within LARS that provide results through the World Wide Web. Certainly, the development of weather data that is available over the internet is an outcome of the research previously cited. One particular example that makes use of the Internet, and which was mentioned previously, is the development of the Community Climate System Model (CCSM) through a cooperative University/NCAR venture. Moreover, many of the simulations using this model also take place on the Climate Simulation Laboratory which is a dedicated climate modeling computing facility provided through UCAR and maintained at NCAR.

d. Information and policy analyses that contribute to the effective use of science and engineering resources

As mentioned above, the CDP and other programs in LARS supports scientists who are engaged in the IPCC and U.S. National Assessment programs. The results of both of these assessments are used for policy analyses so that there is effective use of scientific resources.

Beyond these scientific assessments with their specific policy-informing goal, there are specific examples of studies that provide policy analyses. One particular example is from the Climate Dynamics Program. Schlesinger [ATM 9522681] in cooperation with Lempert of Rand Corporation, analyzed climate-change abatement policies. Most quantitative studies of climate-change policy attempt to predict a greenhouse-gas reduction plan that will have the optimum balance of long-term costs and benefits. The PI and his collaborators have found that large uncertainties associated with the climate-change problem can make the policy prescriptions of this traditional approach unreliable. The uncertainty space includes the possibility of large and/or abrupt climate changes and/or technology breakthroughs that radically reduce projected abatement costs. The PI found that an adaptive strategy, with mid-course corrections was able to avoid significant errors.

Summary of Performance in the TOOLS Strategic Outcome Goal

The COV concludes that there are many instances where shared used tools are both being developed and being used to enhance the development of science. We judge that LARS has been successful in this arena as well.

B.8. Do the investments and available results demonstrate likely strong performance towards the PEOPLE, IDEAS, and TOOLS Strategic Outcome Goals in the future?

The COV has evaluated the programs in the first part (part A) of this report and has judged that these programs are well managed and executed. We can judge from the past successes reported in Sections B5 through B7, then, that we can expect future successes as well. In the PEOPLE Strategic Outcome Goal, we note the development through LARS support of post-doctoral scholars to science stars (who then contribute to the other Strategic Outcome Goals). There are many examples of the development of research star from the initial PI level through to a scientific result with large impact within the community (e.g. Keeling, whose research was specifically featured in Section B6 part b). 
In the area of the IDEAS Strategic Outcome Goals, the evaluation of each of the programs in part A have concluded that there is an appropriate balance of high risk, multidisciplinary and innovative research. Hence, this is an area that indicates future success within the LARS in the area of IDEAS. Moreover, the programs within LARS are becoming increasingly successful in participating in the Information Technology Research Initiative and the Biocomplexity in the Environment Initiative. There were 8 projects funded this past year in ITR and 2 in Biocomplexity (ITR: 3 in CDP [ATM 00113037, 0112732, 0134549], 1 in ATC [ATM-0113868], 1 collaborative project in LDM [ATM-0112715, 0135801], and 2 in PMET; 2 Biocomplexity in ATC [ATM-0119995, 0120693]). There are also starting to be examples of funding together with the Applied Mathematics program. For example, the CDP co-funded with the Applied Mathematics program a research program that investigates the oscillatory and episodic description of atmospheric low frequency variability using a novel methodology of mixture-model clustering [ATM-0082131]. Another Mathematical Science Research example is one from PMET: A collaborative project between Gabriel Katul [ATM-0072585] and Brani Vidakovic [ATM-0004131] seeks to improve understanding of atmospheric transport by applying Bayesian multiscale modeling (involving wavelets). A goal of this research is to improve representations of turbulent dispersion.

In the area of the TOOLS Strategic Outcome Goal, many of the databases, facilities, and instruments in B.7 part a and B.7 part b continue to be supported, e.g. the World Data Center for Paleoclimatology, the Community Climate System Model, and the Weather Research and Forecasting Model, etc. 

The MDM is also working in collaboration with other NSF programs and NOAA to coordinate the development of a revolutionary data collection system, a driftsonde, which will be available to the worldwide atmospheric community (Support is provided as a supplement to the cooperative agreement with UCAR). This system includes a polyethylene balloon with an attached gondola that carries a payload of up to 25 GPS dropsondes. The carrier balloon ascends to between 50 and 100 mb, like a conventional rawinsonde, and then drifts in the prevailing flow for up to 5 days, deploying dropsondes upon command from the ground. The data collected from each dropsonde is send via a low-earth orbiting satellite to a ground station for further transmission in real time. The gondola also measures pressure, temperature, humidity, and balloon position and velocity every hour and sends its data through the satellite. This instrument will help fill the data void regions present over oceans.

The Global Lake Drilling 800 (GLAD800) drilling system represents a major contribution by PCP and ESH to research equipment for large-scale paleoclimatological analysis. The Drilling, Observation and Sampling of the Earth’s Continental Crust (DOSECC) consortium managed the GLAD800 drilling system. This unit can obtain cores to a depth of 800-m (water and sediment) and will allow for the recovery of long continuous cores from important repositories of paleoclimatic data such as Lake Titicaca which was successfully cored this year. Proposals are being considered or are expected for a number of other applications of the GLAD800 by a number of different research groups.

Finally, the Major Research Instrumentation Program has a continuing list of instruments that are funded through LARS. Within LARS, funds are pooled for this program and competitive proposals are selected from all of the applications. This past year there were 5 competitive awards granted in this area. [ATM-0116272, 0116039, 0116896, 0116747, 0116666)]

In conclusion, the COV has examined the potential for future success towards the PEOPLE, IDEAS, and TOOLS Strategic Outcome Goals and finds that there is overwhelming evidence that these goals will be successfully achieved in the future.

B.9. Recommendations or program areas that the COV believes need improvement.

The Lower Atmospheric Research Section is clearly well managed. Our reviews of both the processes used to manage the grant program as well as the outcomes have noted many examples of the well-organized and excellent science being pursued within the section. 

1) During our review we noted a smaller funding rate for new Principal Investigators compared to all investigators as a whole. This is also true in other parts of NSF and we are pleased that new PIs are being brought into the program. We would urge program managers to continue to work with new PIs to clarify areas in proposals that need improvement. At the same time we caution them not to fund lower-quality proposals because it would only dilute the quality of the science over time.

2) An aspect of merit evaluation that is missing from most reviews, is a discussion of past accomplishments resulting from NSF funded research.  It would be especially helpful to include this aspect in cases of funding renewal requests. It seems clear that Program Officers are very aware of a PI’s performance, and that they do indeed take past performance into account, when it is problematic. However, it would be good to explicitly include a discussion of these considerations in their review analysis .

3) Proposals that are decided as a result of panel decisions as well as multi-agency programs need to be handled carefully. Because the dynamics within the panel situation can sometimes alter views, special care needs to be taken in weighing the decisions of the panels against the mail reviews. Program Officers appear to have been aware of the potential influence that panels can have and we recommend that such vigilance be maintained.

4) Multi-investigator research programs that require the use of special Atmospheric Science Facilities undergo an additional review process within LARS and in conjunction with the Lower Atmospheric Observing Facilities Program. The use of the facility must be separately scheduled and recommended for approval by the Observing Facilities Allocation Panel. If the project is large, a general Scientific Overview Document is also reviewed and then approved by the program managers. Then individual investigators may propose for their individual piece of the larger program. This process leads to the danger that the commitment of a facility towards a given experiment or field program can lead to a build up of momentum. Such momentum might subsequently lead to individual investigator proposals being awarded that are not at the same high level of excellence as other proposals within the section. The process for gaining approval for the use of facilities and the commitment made by NSF towards their use is not entirely clear to the community. Therefore, we recommend that the procedure for obtaining approval of the facilities use as well as the approval of the overall science plan and individual projects be highlighted, made explicit, and readily available to proposing investigators. Both the facility manager and program manager need to work in concert to ensure adequate review of the science being planned during the early phases of the facility review. The difficult issues of ensuring that all selected proposals are of high quality, while maintaining a well-rounded research program will require a great deal of judgement, diligence and tact on the part of program managers. We urge that program managers continue to be aware of these issues. 

5) In view of our discussion of diversity in B.5.c, and the possible decrease in funding rates for female investigators, we recommend that the Lower Atmospheric Science Research Section continue to monitor this area.

6) In 1998, the COV noted that the staff of the LARS was under stress due to the increasing numbers of proposals received, the multi-agency and multi-national nature of the programs that needed coordination and the NSF interdisciplinary programs to which staff contribute time. While we applaud the integration of different areas, we note that the stress on staff continues to be an issue within LARS. Moreover, it is especially pressing within the Paleoclimatology Program. The dramatic growth in the number of ESH proposals provides strong evidence of the size and vigor of the paleoclimatic community, and the importance of ESH in the development and maintenance of that community. However, the growth of the applicant pool has caused appreciable strains, as staffing and funding have not kept pace with this increase. Demands on the staff and officers associated with PCP will increase even more as the program becomes involved in initiatives such as the Biocomplexity. Increased staff resources particularly to PCP would be helpful. 
B.10. Comment as appropriate on the program’s performance in meeting program-specific goals and objectives (non-GPRA outcomes). 

The primary goals of the Atmospheric Chemistry Program is to characterize the chemical composition of the atmosphere, to understand the processes that determine this composition (chemical reactions, transport, fluxes to and from other components of the Earth system), and to understand the causes of the atmospheric chemical variability. The proposals received by the Program and the awards given clearly address these objectives, and have provided substantial progress in these areas.

The objectives of the Climate Dynamics Program (CDP) objectives are to (1) support research that advances knowledge about processes affecting climate on seasonal to decadal timescales and (2) sustain the pool of scientists required for excellence in climate research. The Climate Dynamics Program is meeting all goals, and is proactive in identifying emerging trends in climate research.  The flexibility of the CDP makes it uniquely adaptable to changes in the needs and opportunities in climate research.

The Large-scale Dynamic Meteorology (LDM) Program supports research aimed at improving the understanding of the dynamics of the troposphere and stratosphere, spanning spatial scales from the synoptic to planetary and temporal scales from a few days to intraseasonal.  Research areas include atmospheric waves and their interactions, jet streams, extratropical cyclones, tropical cyclones, stratospheric-tropospheric exchange, the general circulation of the troposphere and stratosphere and large-scale tropical dynamics.  The program also supports research on numerical weather prediction and on predictability. The LDM Program Directors are also responsible for ATM's portion of the research program Water & Energy - Atmospheric, Vegetative, and Earth interactions (WEAVE).  This program supports investigations of the role of clouds, energy, and water in global climate change and the representation of associated processes in climate models. Our review found that the funded portfolio of LDM awards achieved an appropriate balance among their major goals and that the program is helping to further progress in understanding these issues.

The Mesoscale Dynamic Meteorology Program (MDM) supports research on all aspects of mesoscale meteorological phenomena, including studies of the morphology, dynamics, thermodynamics, and kinematics of mesoscale systems; mesoscale precipitation processes; and energy transfer between scales. Weather phenomena studied include regional and local weather that is either life threatening or economically disruptive. MDM plays the lead role for NSF participation in the U.S. Weather Research Program (USWRP). Based on our review of the completed and currently funded work, the program is contributing to progress in understanding these phenomena.

The specific objective of the Physical Meteorology program is to advance basic understanding of the physics of the atmosphere. Physical meteorology is understood to include cloud physics, radiative transfer, atmospheric electricity, micrometeorology, and some aspects of atmospheric measurements. The definition of scope is broad, and the program often collaborates with others in regions of overlap. Based on our assessment of the research being conducted by the program and past advances we would judge the program as having made substantial progress towards their objective.

Over the past 3 years the PCP and ESH have generated excellent research proposals from a growing body of the nation’s leading paleoclimatologists. Each year the number of researchers applying to the program has increased.  The results generated by recently funded proposals and earlier funded proposals have become important not just to the climatology and scientific communities, but to policy makers and the public. The awareness of Arctic climate warming by the public and leading policy makers is one example of how paleoclimatology research supported by PCP and ESH have served to fulfill the highest goals of the NSF. We noted in section B.9, that there is increased stress on program managers, especially within the Paleoclimatology Program. There is also decreased funding due to the withdrawal of funding from Polar Programs. Therefore, at this time, it would also be valuable for the Program Officer to work at more tightly defining the goals of research to be supported by ESH and differentiating them from PCP. Efforts are being made on this and are very important for the health of ESH and PCP.
B.11. Feedback on the COV review process, formats and core questions.

The COV had the following observations:
(1) The statistics determining “New PIs” were not separately categorized between “PIs who are new to NSF” and “Young PIs”. We felt that such a distinction would be useful.

(2) Documentation that could be more easily followed for an outside review panel to interpret the time from first submission through the following steps to either declination or award.

(3) Some of the terminology used in the instructions to the COV was difficult to interpret. For example, how much emphasis should be placed on the word “all” in the first indicator listed for the IDEAS Strategic Outcome Goal: “A robust and growing fundamental knowledge base that enhances progress in all science and engineering areas including the science of learning”? What specifically is meant by the concept of “shared” facilities? The instructions were especially difficult to understand when they seemed to pertain to specialized programs outside of LARS.

(4) The COV found that the provision of material by mail before the visit was especially helpful as was the formal briefing by program officers near the beginning of our visit. It would also be very useful to provide the COV with copies of the papers resulting from research selected by the Program Officers as significant.

In spite of the trying time period during which the work of this COV occurred, we found the experience enjoyable as well as enlightening. We were extremely impressed with the management and organization of the Lower Atmosphere Research Section and with their performance over the past three years. In all cases the flexibility of the staff and officers within LARS, their hard work, and their dedication is to be congratulated. They are doing a superb job that is well appreciated by the community.
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