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Preface

of views and experiences with performance measurement
and assessment:

In December 2002 a review panel of scientists
and scientist/managers appointed by the National
Science Foundation (NSF) to evaluate a proposal from
the University Corporation for Atmospheric Research
(UCAR) for the management of the National Center
for Atmospheric Research (NCAR) offered a number
of useful recommendations.? This group noted that
development of a comprehensive set of performance
objectives and metrics would help UCAR management

and NSF in a variety of ways—for internal purposes, such
as strategic planning, performance reviews, and resource
allocation; and for external purposes, such as facilitating

comparisons with other organizations. Specifically, the
panel recommended that

UCAR/NCAR should develop a robust set of
metrics (beyond citation analyses) that characterize
the quality, effectiveness and efficiency of both
science programs and service functions. A set
of relevant comparators should be developed to
include leading universities, international modeling
centers, and government laboratories. Management
should ensure that the burden of performance
evaluation on scientific and support staff be kept
to the lowest level possible consistent with the
objectives of evaluation.

Management agreed with this recommendation,
and subsequently the UCAR president, Richard Anthes,
appointed the UCAR Metrics Committee to conduct a
study and evaluation of possible indicators that would

meet the challenge posed by the review panel. Members

of the Metrics Committee represent many divisions and

programs, professions and disciplines, as well as a variety
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After some initial discussion, the committee decided
that it would be useful to look at the organization
functionally. The areas examined are detailed in Section
4 as follows:

4.1  Science

4.2 Scientific Visitors and Postdoctoral Fellows
4.3 Computing Services

4.4  Community Models

4.5  Observing Facilities

4.6 Data Services

4.7  Intellectual Property and Technology Transfer
4.8 Administrative Support

4.9  Education, Outreach, and Training

4.10 Communications and Advocacy

The committee broke into teams to address each
area, consider candidate metrics, and evaluate them
using a set of standard criteria. It reviewed a long
list of candidate metrics and winnowed this list down
to a smaller set that contained useful indicators of
performance, quality, and impact; these are listed in the
report’s summary (Table 3).
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The UCAR Management Committee, which consists
of the directors and managers of all UCAR divisions,
programs, and administrative units, reviewed the draft
report. The University Relations Committee (URC)
then reviewed a revised draft. The URC consists of a
representative group of faculty from the UCAR member
institutions and academic affiliates. The URC comments,
along with comments from Clifford Jacobs, James Huning,
and Sarah Ruth at NSF, were considered in preparing
the final version. The final report was distributed to
and discussed with all management units of UCAR for
their use as an administrative and assessment tool. The
committee thanks all of these reviewers.



1.0 Introduction

There is increasing emphasis in all sectors of society
on measuring the productivity, quality, and impacts of
programs in both the private and public sectors. This
may be especially true for government-supported
programs, including research laboratories and facilities
such as the University Corporation for Atmospheric
Research (UCAR), which includes the National Center
for Atmospheric Research (NCAR), the UCAR Office of
Programs (UOP), and the UCAR office of Education and
Outreach. The Government Performance and Results Act
(GPRA), enacted in 1993, requires that all federal agencies
measure and report on the results of their activities
annually (http://www.whitehouse.gov/omb/mgmt-gpra/
gplaw2m.html). Congress and the administration, in
difficult budget times, are asking probing questions: How
do these programs benefit society? Are taxpayers getting
their money’s worth? Are the productivity and quality
of these programs as high as they could be? Are these
programs relevant and having a significant impact on
society?

These are appropriate questions, but they often
do not have straightforward answers. It is difficult to
measure the productivity, quality, and impact of scientific
research, which may not become obvious until many
years after the work is completed. The traditional
method of judging or evaluating scientific programs
has been peer review, which is the basis for funding
NSF proposals and programs (NSF, 2005b). Peer review
can occur before the work is done, through review of
proposals; after it is done, through retrospective review
of results and achievements; or a combination of the two.
For individual principal investigators (PIs) in universities,
the review of proposals is the dominant mode of
review, though past achievements by the PI are often
important considerations. For centers and laboratories
like UCAR, both modes of review are used: retrospective
review of accomplishments and prospective evaluation
of proposals. These reviews are carried out through
a combination of anonymous written evaluations and
panels of peers, which often include international experts.

NSF itself undergoes a rigorous review process in
response to the GPRA and the Office of Management and
Budget (OMB) Program Assessment Rating Tool (PART,
www.whitehouse.gov/omb/part/2004_program_eval.pdf),
a systematic method for assessing program performance.
NSF recognizes the challenges of evaluating research

and education programs. As described in its FY 2004
Performance and Accountability Report (NSF, 20052):

GPRA implementation has been a particular
challenge for agencies like NSF whose mission
involves long-term investments in research and
education programs. This is primarily due to:

(D) the difficulty in linking outcomes to annual
investments and the agency’s annual budget; it is
not unusual for the benefits of research to appear
years or even decades after the initial investment,
and (2) the fact that assessing the impact of
advances in science and engineering is inherently
retrospective and is best performed through the
qualitative judgment of experts. These issues
required NSF to develop an alternative GPRA
reporting format that has been approved by OMB.
This alternative reporting format uses an external
expert review panel to assess program results and
achievement with respect to research outcome
goals on a qualitative rather than a quantitative
basis. The use of external expert panels to review
results and outcomes is a common, long-standing
practice used by the academic research and
education community.

The 2004 Report of the NSF Advisory Committee for
GPRA Performance Assessment is available at www.nsf.
gov/publications/pub_summ.jsp?ods_key=nsf04210.

The Committee on Science, Engineering and Public
Policy (COSEPUP), in a 1999 study (NRC, 1999; http://
books.nap.edu/catalog/6416.html), while acknowledging
the complexity of the assessment process and recognizing
the difficulties and dangers of trying to establish
quantitative measures of scientific productivity, quality,
and impact, concluded “Both applied and basic research
programs can be evaluated meaningfully on a regular
basis” (NRC, 1999). Effective evaluation can include
consideration of relatively simple quantitative measures of
productivity, quality, and impact, such as number of peer
reviewed papers and citation indices. The former is an
indicator of both productivity (because they are countable
products) and quality (because peer review is conducted
by independent experts). The latter is also an indicator of
impact because it is a measure of use of research results
by the community.



The qualitative assessment of performance may be
assisted by well-thought-out questions and definitions
of success, such as those set forth by the DOE through
its PART: http://www.sc.doe.gov/measures/. The report
FYO05 Performance Measures (available at the DOE
PART site) gives examples of metrics to judge long-term
goals. For example, to measure progress in climate
change research, the report lists as a long-term (15-year)
goal, “By 2013, reduce differences between observed
temperature and model simulations at subcontinental
scales using several decades of recent data.” The report
then defines levels of success and states how progress
will be measured—expert review every three years
will rate progress as excellent, minimally effective, or
insufficient.

A recent report (NRC, 2005) discusses principles and
approaches for evaluating complex research programs
such as the U.S. Climate Change Science Program (CCSP).
It discusses different types of metrics; the experiences of
industry, academia, and federal agencies in measuring
performance; and lessons learned from retrospective
analysis of science programs. While the report concludes
that it is possible to develop meaningful and useful
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measures for the CCSP, it stops short of recommending
specific metrics because of the breadth of the CCSP and
the absence of clear program priorities.

Other reports and discussions on metrics are available
from the Web sites summarized in Table 1.

The next section discusses the use of metrics, their
desirable characteristics, and some dangers associated
with their misuse. The committee concludes that for
broad and complex programs like those carried out by
UCAR, while many metrics provide useful information

Sfor management and review, there is no substitute for

review by independent and knowledgeable peers. This
conclusion is supported by NSF’s own review processes
(see above) and the COSEPUP study (NRC, 1999), which
states, “The most effective means of evaluating federally
funded research programs is expert review. Expert
review, which includes quality review, relevance review,
and benchmarking, should be used to assess both basic
research and applied research.”

Table 1
Web sites discussing metrics and their use

http://www.balancedscorecard.org/metrics/

This document, prepared by the Balanced Scorecard Institute, discusses aspects of metrics development in the
context of public-sector and nonprofit organizations. It presents a list of ideal attributes of metrics that is similar to

that presented in Table 2, page 6.

http://www.internettime.com/itimegroup/metrics.htm

This site, prepared by the Internet Time Group, discusses metrics and return on investment and presents a list of
“baloney detectors” from Scientific American that help to draw boundaries between science and pseudoscience

or between useful metrics and hype.

http://www.mcca.com/site/data/researchprograms/BurgundyPathways/

This site, prepared by the Minority Corporate Counsel Association, discusses the “business case for diversity” and
the use of metrics in measuring progress toward diversity in the workforce.



2.0 Performance Metrics: Characteristics, Uses, and Caveats

Metrics are assessments of productivity, quality, and
impacts of a program or activity. They can be either
quantitative or qualitative. An example of a quantitative
metric of scientific productivity, as discussed above, is the
number of peer-reviewed publications. An example of a
qualitative metric is subjective peer review by experts.

In a 2003 report (NRC, 2003), a National Research
Council committee reviewed the EPA’s STAR (Science to
Achieve Results) program (www.nap.edu/books/
0309089387/html/). STAR is a “competitive, peer-
reviewed, extramural research grants program that
supportts research in a variety of fields relevant to EPA’s
mission.” Chapter 4 of their report discusses metrics, and
Appendix C describes “performance measures used by
other agencies and organizations.” This report discusses
two important concepts: the value of qualitative metrics
and the value of evaluation by external experts who are
qualified to interpret metrics.

The report notes that Geisler (2000) defines metrics
for the evaluation of a research program as “a system
of measurements that include: (a) the item measured
(what we are measuring), (b) units of measurement
(how we measure), and (¢) the inherent value associated
with the metric (why we measure, or what we intend
to achieve by this measurement).” He continues, “So,
for instance, the metric peer review includes the item
measured (scientific outcomes), the unit of measurement
(subjective assessment by qualified and objective peers),
and inherent value (productivity, quality and impact of
scientists, engineers, and science and technology units).”

2.1 Use of Metrics

Metrics have at least four potential uses:

e Absolute measure of performance over a given
period of time: “I published three papers last
year.”

e Relative measure of performance: “I published
three papers last year. The average number of
publications for a scientist in a similar institution
is two papers per year. Thus, I am doing well
compared to the average.”

e Measure of progress toward a goal: “My goal was
to publish four papers last year. I published three,

which represents achievement of a significant part,
but not all, of my goal.”

e Tracking of trends in performance over time: “I
published three papers last year. In the four years
before that T published zero, one, one, and two
papers respectively. Thus, I am improving.”

All of these uses are important in managing an
organization like UCAR, including planning, review,
allocating resources, changing program priorities, and
rewarding staff through salaries, promotions, awards, and
other forms of recognition.

2.2 Desirable Attributes of Metrics

The STAR report lists a number of desirable attributes
of metrics, as do the Balanced Scorecard report (http://
www.balancedscorecard.org/metrics/) and the NRC report
(2005). Table 2 presents the committee’s synthesis of
desirable attributes based on these studies.

2.3 Caveats—What Metrics Cannot Do and
How They Can Be Misused

The committee urges caution with respect to the use
of metrics in evaluating research programs because there
is an inherent danger of measuring too much, too often.
As Geisler (2000) states, “Metrics selected should be able
to measure what the evaluators wish to be measured.
They should be intimately linked to the objectives and
motives of the evaluators. If this criterion is not met, the
metrics become a set of irrelevant and useless quantities.’
Many others have issued cautions regarding the use and
application of metrics. For instance, the COSEPUP report
(NRC, 1999) warned:
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It is important to choose measures well and
use them efficiently to minimize non-productive
efforts. The metrics used also will change the
behavior of the people being measured. For
example, in basic research if you measure
relatively unimportant indicators, such as the
number of publications per researcher instead of
the quality of those publications, you will foster
activities that may not be very productive or useful
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to the organization. A successful performance Metrics can be “gamed” by those being evaluated.

assessment program will both encourage positive For example, consider the number of publications and

behavior and discourage negative behavior. There the citation indices. Individuals or institutions could

is truth to the adage that “what you measure is publish a lot of mediocre papers, retreading old scientific

what you get.” ground but meeting the minimal criteria of peer review
Table 2

Desirable attributes of metrics

Meaningful. Metrics should be a measure of authentic progress toward a predefined objective or goal. The
metrics should address topics that the intended audience, internal or external, cares about. The first step in
any evaluation should be to identify the purpose of the metrics and the audience for which they are being
computed.

Accurate. Metrics should represent a collection of information that accurately measures how the program is
doing. Inaccurate, meaningless, misleading, or irrelevant metrics can seriously skew a program’s performance,
inducing it to emphasize accomplishments that look good in the context of the evaluation but are irrelevant to
or even inconsistent with the program’s true goals.

Simple. Metrics should be expressed in simple and concise terms, so that the audience clearly understands what
is being measured and what the results of the measurement are. They should be unambiguous and easy to
compute in an objective manner, with a reasonable amount of effort, and using readily available data.

Comparative. Metrics should be capable of direct comparison to other individuals or institutions to determine
relative achievements. They should be able to be computed using readily available data in an unambiguous,
transparent way so that other individuals or organizations can understand and replicate the process.

Discriminating. Differences between institutions or changes in the metrics over time should be meaningful.

Computed by disinterested third party. Ideally metrics should be computed by a disinterested third party in a
transparent and objective way, with results made available to all. An example is the Science Citation Index
(www.isinet.com/products/citation/sci/), which provides access to bibliographic information, abstracts, and
cited references from the world’s leading scholarly science and technical journals covering more than 100
disciplines.

Integrated. Metrics should provide a coherent picture of the program being evaluated. The focus should be on
performance baselines and goals that provide a comprehensive recognition of accomplishments, gaps, and
weaknesses.

Outcome-oriented. Although some metrics focus on process, the best metrics focus on desired outcomes and
results, not just the completion of tasks.

Consistent. The same metrics should be used to evaluate comparable programs or the same program over time.

Cost effective. Program evaluations can be expensive, time consuming, and disruptive. The benefits of the
information gathered should be commensurate with the cost required to collect it. It is most cost effective to
collect information that can be used to support ongoing program management.

Appropriately timed and timely. Some metrics require information to be collected on a continuous basis;
others require annual or even less-frequent data gathering. For an evaluation to be useful and relevant, the
information has to be up to date. Evaluations should be timed to ensure that the results will be based on
current information.

Statistically significant. Quantitative metrics should measure what many individuals and institutions do—not rare
achievements or events—and they should have a small margin of error and little temporal variability.



Measuring the Productivity, Quality,and Impact of UCAR Programs

in journals with relatively low standards. Citations
may also be misleading; a relatively routine paper that
publishes a widely used data set may be cited in many
subsequent papers. A “classic” paper that is eventually
proved wrong may be cited repeatedly as part of

the history of development of a certain field. Some
individuals may try to boost their citations by referencing
their own papers excessively. Thus, important as
quantitative indicators are, an effective and meaningful
assessment of productivity, quality, and impact must
consider more than these alone.

Metrics must be used carefully and with good
judgment. As the COSEPUP report (NRC, 1999) states in
one of its recommendations, “Misuse of measurement can
lead to strongly negative results; for example, measuring
basic research on the basis of short-term relevance would
be extremely destructive to quality work.”

Prior to selecting specific metrics for the evaluation of
its programs and activities, management should identify
what issues the metrics address and then weigh the value
and meaningfulness of the data collected against the level
of effort required to collect them. The relevance of the
data depends on the objectives. The specific goals to
be achieved through a set of metrics should be clearly
identified, and then careful consideration should be given
to the amount of effort required to collect and analyze
the data collected.

UCAR is a complex organization, consisting of
basic and applied science programs, observational and
computational facilities serving a large number of users,
community models and data sets, education and outreach,
and technology transfer. The next section discusses
some of the ways that the productivity, quality, and
impact of these activities can be measured. Because the
programs are quite different in nature, these three focuses
of metrics must be considered and applied in different
ways across the organization, with some metrics being
quantitative and others qualitative in nature.



3.0 Measuring the Performance of UCAR

The UCAR mission is “to support, enhance, and
extend the capabilities of the university community,
nationally and internationally; to understand the behavior
of the atmosphere and related systems and the global
environment; and to foster the transfer of knowledge and
technology for the betterment of life on Earth.” UCAR
carries out its mission through NCAR, UOP, the office
of Education and Outreach, and the UCAR Corporate
Office, which includes governance, communications, and
government relations. UCAR Finance and Administration
provides a full range of administrative services and
facilities, including Human Resources, Contracts, Safety,
and other support groups.

From its inception, UCAR has been a unique
organization. In fact, its uniqueness is a hallmark of its
existence, since UCAR was created to conduct complex
scientific research and provide scientific facilities beyond
the scope of individual universities. Measuring overall
UCAR performance against other institutions requires that
the other institutions be considered comparable “peers.”
The committee has not been able to identify a completely
comparable peer institution. However, the individual
components of UCAR have analogous peer organizations.
For example, the Scientific Computing Division of NCAR
can be compared to the other NSF supercomputing
centers as well as to computing centers in universities
and government labs like NOAA’s Geophysical Fluid
Dynamics Laboratory or DOE’s Lawrence Livermore
National Laboratory. NCAR’s Earth Observing Laboratory
may be compared with other facility operators such as
those at NASA, NOAA, and NRL. NCAR science divisions
can be compared to similar-sized scientific groups in
government laboratories. The performance of individual
NCAR scientists can be compared to that of university
scientists, after allowing for obvious differences, such
as teaching on the one hand and community support
and service on the other. UCAR’s management and
administration practices are sufficiently standardized that
it is possible to select comparable organizations.

NCAR is one of four NSF Federally Funded Research
and Development Centers (FFRDCs) operated by
universities or consortia of universities,’> and hence
assessments of NCAR should consider how the center
supports NSF’s mission and strategic goals. NSF’s mission

is “to promote the progress of science; to advance the
national health, prosperity, and welfare; and to secure the
national defense.” NSF’s strategic goals address people,
ideas, tools and organizational excellence (NSF, 2003):

People—A diverse, competitive and globally-
engaged U.S. workforce of scientists, engineers,
technologists and well-prepared citizens.

Ideas—Discovery across the frontier of science and
engineering, connected to learning, innovation
and service to society.

Tools—Broadly accessible, state-of-the-art S&E
facilities, tools and other infrastructure that enable
discovery, learning and innovation.

Organizational Excellence—An agile, innovative
organization that fulfills its mission through
leadership in state-of-the-art business practices.

The programs of NCAR, the UCAR Office of
Programs, and the office of Education and Outreach
contribute strongly to the NSF mission and the first
three goals. In addition, the entire organization strives
for organizational excellence. Thus the metrics applied
to UCAR, discussed below, help ensure that UCAR’s
performance is aligned with and contributes to NSF’s
mission and goals.

Another unique aspect of UCAR is the role of the
universities in its governance, its programs, and virtually
all of its activities. The willingness of the university
community to provide thousands of hours a year of
voluntary, unpaid service to UCAR is an important metric
of community engagement and affirms the value the
community sees in UCAR and its mission.

In addition to regular compilations of quantitative
indicators, a serious effort to monitor and assess
progress in all areas of UCAR requires periodic in-
depth examination. Every five years NSF and the UCAR
members each appoint an external panel to evaluate
scientific programs at NCAR. Other assessment techniques
include examining key indicators over time for trends and
conducting internal surveys of UCAR staff and programs.
Both external and internal reviews ask questions like,
What are your major accomplishments and contributions

*The other three FFRDCs are the National Astronomy and Ionosphere Center (NAIC), the National Optical Astronomy Observatory (NOAO), and the

National Radio Astronomy Observatory (NRAO).



over the past five or ten years? Have you developed
significant new technologies? Have you met your long-
term goals?

In the next section we discuss metrics that could be
used to assess UCAR’s performance of major activities.
The discussion considers three dimensions of metrics:
productivity, quality, and impact. Although these three
aspects of performance are interrelated, they form a useful
context in which to discuss specific metrics. In general,
productivity refers to how muich is being done or has
been accomplished—for example, the number of papers
published or lines of computer code written. Productivity
is often relatively easy to measure by counting something.
Quality is a measure of how good something is, e.g., how
good is a scientific paper? In contrast to productivity,
assessing the quality of a work generally requires a more
subjective assessment; according to the NRC (2005) report,
“Quality is best assessed by independent, transparent peer
review.” Finally, impact is how the work affects the field
or, more broadly, society. For example, a community
model has high impact if many scientists and institutions
around the world use it.

Another aspect of performance is efficiency, which
describes output relative to a given level of input or
investment. An efficient organization has minimal waste
and produces relatively large output, or results, for a given
level of input. UCAR strives to maximize the efficiency of
all its programs and activities through a variety of annual
planning and review mechanisms that assure that all costs
of the organization, including personnel, administration,
physical facilities (e.g., space), and scientific facilities
(e.g., computers, observational systems), are kept to
a minimum consistent with maintaining programmatic
objectives and productivity, quality, and impact. Metrics
that bear on efficiency are salary and benefit surveys,
indirect costs compared to direct costs, and overhead
rates. UCAR has formal mechanisms in place to monitor
these costs and ensure that they are reasonable compared
to equivalent institutions and programs (major research
universities and national laboratories). In a broader
context, UCAR contributes to the efficiency of the scientific
and educational enterprise through cost-effective provision
of shared facilities, models, data sets, learning tools, and
community support services.

A significant aspect of UCAR’s mission is to provide
leadership in all of its areas of activity—science; facilities;
education, training, and outreach; communications;
and administration, including development of human
resources. UCAR seeks to be a world leader in all of
these areas. Leadership is evidenced in many ways, some
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tangible (leading important national and international
projects, reviews, programs, and planning efforts) and
others less tangible (recognition and respect from external
organizations and the community). Since leadership is
difficult to quantify, peer reviews by other leaders are the
best way to assess it.

A long-standing research organization such as
UCAR should produce a significant number of genuine
and widely recognized “success stories” over the
course of time. It often takes years to accomplish these
breakthroughs in science, instrumentation, facility
development, or education, and it may take additional
time to recognize their importance and impact and
demonstrate their significance. A notable example was
applying the understanding of the thunderstorm wind
shear or downbursts to aviation safety. Wind shear
caused hundreds of fatalities from aircraft accidents prior
to its discovery by Theodore Fujita at the University of
Chicago. It took NCAR more than a decade, building
on Fujita’s work, to recognize, observe, and understand
the deadly wind shear phenomenon and then develop
the warning system that has now been installed in
hundreds of airports, saving many lives. Another
example is the MM5 mesoscale modeling system, which
has evolved over many years under the leadership of
NCAR and Pennsylvania State University and has been
used by thousands of scientists, students, and operational
meteorologists worldwide. Some individual scientific
breakthroughs have also change the field forever, such
as Ed Lorenz’ chaos theory; Lorenz honed his theory
during regular summer visits to NCAR to collaborate with
NCAR scientists through the course of his career. Other
examples of breakthroughs are described in UCAR at 40,
a retrospective look at some of the highlights in UCAR’s
history (www.ucar.edu/communications/ucar40/).

Success stories like the ones above are powerful
metrics that can be used by NSF to demonstrate
significant achievements. NSF’s external review
committees consider “nuggets” through a “judgmental” or
“purposeful” sampling that is designed to identify notable
outcomes resulting from NSF investments (NSF, 2005a).

Finally, there are the relatively rare but highly
visible and prestigious honors such as major awards
from scientific societies, election to national offices such
as president of the American Geophysical Union or
American Meteorological Society, chairs of major national
committees, or election to the National Academy of
Sciences or National Academy of Engineering. A highly
successful scientific organization should have its share of
such outside recognition over the years.



4.0 UCAR Metrics

As it examined current ways of measuring UCAR
programs and attempted to hone in on a coherent and
useful set of metrics, the committee found it useful to
consider ten functional areas of UCAR: (1) science; (2)
scientific visitors and postdoctoral fellows; (3) computing
services; (4) community models; (5) observing facilities;
(6) data services (real-time and archived); (7) intellectual
property and technology transfer; (8) administrative
support; (9) education, outreach, and training; and
(10) communications and advocacy. The committee
recognizes that no single metric, or set of metrics, applies
equally well to each of these ten areas.

4.1 Science

From the beginning, carrying out the highest quality
science has been one of two essential parts of the NCAR
mission, the other being the provision of cutting-edge
computing and observing facilities to the universities
(February 1959 “Blue Book,” Preliminary Plans for a
National Institute for Atmospheric Research; http://www.
library.ucar.edu/uhtbin/hyperion-image/DR000134). The
need for a national center grew out of the identification
of a set of scientific challenges to understanding the
atmosphere in all its physical and chemical aspects.
NCAR focuses on scientific problems that require large
groups and a longer-term focus than can be maintained in
a typical university. NCAR scientists also play a vital role
in the scientific guidance and oversight of the facilities
provided by NCAR and the development and ongoing
modernization of these facilities.

The evaluation of the scientific productivity of NCAR
includes the traditional metrics applied to university
departments and government laboratories. The primary
metrics for evaluating scientific productivity, quality, and
impact are numbers of peer-reviewed publications and
citation rates; these metrics have stood the test of time as
a useful basis for assessment of scientific performance.
Other publications (such as books or parts of books,
online documents and other media, papers in conference
proceedings, technical notes, reports, posters, newsletters
and theses, as well as educational outreach in popular
scientific journals and newspapers) are also useful, but
peer-reviewed original scientific publications are the
standard metric for judging academic scientists.

Publication and citation metrics for a researcher at
NCAR are readily computed and easily compared with
peers at NCAR, the universities, and government labs. Of
course, numbers by themselves are incomplete measures,
but publication records or citation rates significantly far
from the mean require a closer look and explanation. Full-
time scientists at NCAR or universities typically publish
approximately two peer-reviewed papers per year, or
roughly twenty papers per decade. There is large variability
in the field, and so this number should not be considered
an absolute standard, but numbers much smaller or much
larger require investigation and understanding.

The number of coauthored papers is also an
important metric for NCAR scientists. As a national center
working on large, significant scientific problems, NCAR
is expected to play a catalytic role in organizing teams
of scientists to focus on such problems, both across
NCAR and in the university community. The number of
papers produced by an individual scientist is an indicator
of individual productivity; the number of coauthored
papers produced by a team of scientists is likewise
an indication of the productivity of the team. The
number of coauthored papers also provides a measure
of institutional impact, because it is a direct reflection
of the success—or failure—of NCAR in stimulating
and organizing the work of the atmospheric science
community. NCAR scientists are expected to work and
publish with other scientists and should be rewarded for
doing so. Again, this metric is not an absolute one, but
scientists who are taking advantage of working in the
national center and contributing to its mission should, in
general, be working and publishing in teams. There is an
important caveat here; traditional evaluation of scientists
in an academic setting emphasizes leadership and single-
authored or first-authored papers. While leadership at
NCAR is highly valued, so is teamwork. Thus, NCAR
scientists might appear to have a relatively low rate of
single-authored papers compared to university peers.
Again, qualitative, informed assessment is required in
addition to the numbers.

Both single- and multiauthored publications are
analyzed in terms of quality and impact, where impact
considers the unique NCAR mission of science and
service to society and the universities. Citations, as
computed by the Science Citation Index service (www.
isinet.com/products/citation/sci/), are a very important
metric because they measure both quality and impact.
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High-quality papers with large impact are presumably
cited more often by peers than lower-quality papers with
little impact. Citations are computed objectively by an
independent third party as well as for scientists in all
institutions. Thus, they possess many of the desirable
properties of metrics summarized in Table 2.

Another important measure of the impact of
publications is their inclusion in major international
scientific assessments. Two examples are the
Intergovernmental Panel on Climate Change and the
WMO/UNEP Stratospheric Ozone Assessments. Both of
these activities produce a major international report every
five to seven years. The production of these reports
involves a comprehensive survey and analysis of the
relevant scientific literature and findings by a large group
of scientific authors, editors, and reviewers. As such, the
assessment process amounts to a critical “re-review” of
the recent scientific literature, and inclusion and citation
of results can be seen as a powerful indicator of both
quality and impact.

The analysis of some of these quantitative metrics
must consider appropriate time scales. While the basic
data may be conveniently compiled on an annual basis,
the analysis is more meaningful over longer time scales—
three years (grant cycles for outside funding), five years
(the duration of the UCAR cooperative agreement), and
ten years. Important results may require a long period of
record to stand out over noise and temporary fads.

Other useful measures of scientific productivity relate
to proposals submitted to external sponsors. Three
components of this metric are (a) number of proposals
submitted, (b) success rate (number and percentage of
proposals submitted that are funded), and (¢) resources
generated. A substantial number and successful record
of competitively reviewed proposals are an indicator
of productivity, quality, and impact (because sponsors,
especially in mission-oriented agencies, want to fund
work with applications and high impact to their
missions). The proposal metric is useful for internal
evaluation but less useful for comparison with other
organizations, because comparable data are not generally
available. However, the NSF publishes success rates
for its proposals, and these rates may serve as useful
benchmarks.
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4.2 Scientific Visitors and Postdoctoral
Fellows

Scientific visitors come to UCAR to meet, work, or
study with UCAR staff, or to use UCAR facilities. Visitors
include scientists who come to one- or two-day meetings,
graduate students who attend two-week colloquia during
the summer, postdoctoral researchers who spend several
years at UCAR, and scientists who visit periodically over a
period of many years.

As noted earlier, UCAR’s mission is to work with
and support the atmospheric sciences community.
Maintaining a high rate of scientific visits is thus an
explicit organizational goal. The overall number of
scientific visitors to UCAR is an indicator of community
engagement and, similar to the number of coauthored
publications, is a measure of both productivity and
impact. The level of funding is an important indicator of
the health of UCAR visitor programs. UCAR tracks visitor
program budgets and the overall number of scientific
visitors each year to monitor performance and trends
over time in relation to other relevant factors and make
adjustments as necessary.

In some cases, comparing actual numbers of visitors
to yearly targets is an important aspect of evaluating
program health and performance. The Postdoctoral
Fellowship Program within the NCAR Advanced Study
Program (ASP) provides a good example. Internal and
external evaluations of NCAR have agreed that NCAR
should maintain a population of approximately 20 ASP
fellows at any given time. Any substantial increase in
this number risks diluting the high standards of ASP;
reducing the number runs the risk of falling below critical
mass and could result in isolating a small population of
postdocs within a large institution. The same is true for
summer colloquia. Increasing the size from a preferred
30-40 students to a much larger number would diminish
the value of the colloquia for all participants, but holding
a colloquium for five to ten students would be an
inefficient use of resources.

In all cases, qualitative feedback from participants
is an important aspect of determining and maintaining
the quality of visitor programs. UCAR management
encourages programs to employ surveys, evaluation
forms, and/or exit interviews to obtain direct feedback
from visitors. This feedback is an important aspect of
determining visitor program impact.
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4.3 Computing Services

Computing services at UCAR are essential functions
that support scientific discovery in the community.

They address one of UCAR’s key missions, to provide
scientific tools to researchers that cannot be obtained
readily at most universities. They are unique in that they
emphasize applications and data sets that are focused on
the atmospheric and related sciences. For the current
discussion these services are categorized into two primary
areas: computational resource deliverables and software
development.

Computational resource deliverables are exemplified
by high-end computing cycles; real-time or post-
production data analysis and visualization platforms;
data access to a high-performance, high-availability data
archival system; and effective and efficient data delivery
mechanisms.

Measurement of high-end computing cycles is
straightforward. The Scientific Computing Division (SCD)
routinely monitors productivity metrics such as peak and
sustained performance, compared to other centers and to
well-known tracking measures (e.g., Moore’s Law); use of
high-end machines by scientists; and user wait-time after
job submission. The independent Top 500 Supercomputer
Sites project (http://www.top500.0rg) was established in
1993 to provide a reliable basis for tracking and detecting
trends in high-performance computing. Twice a year a
list of sites operating the 500 most powerful computing
systems in the world is released. Tracking NCAR’s
position on the list provides a relative measure of the
capability of high-end computing cycles delivered by the
institution. Perhaps more than metrics of productivity of
other UCAR activities, this metric is directly related to the
resources available (in other words, money can and does
buy computer cycles and, therefore, position on the Top
500 list).

SCD defines and tracks multiple measures of data
archived at NCAR and accessed by users, including
aggregate size of system relative to peer centers, numbers
of files, sizes of files, growth in both numbers and sizes
over time, and access time. These are metrics that
address productivity, quality of services, and to some
extent impact.

Software development is of fundamental importance
in supporting the UCAR mission of conducting science
in service to society. Software developed within the
organization is aimed at improving the research process
by incorporating a functional layer between the scientific
investigation process and the computational resource

deliverables described above. One high-level goal of
software development is to minimize redundancy through
software reuse. To achieve this goal, modern software
engineering processes must be recognized and followed.
Classic software metrics tend to focus on quantitative
measures of the software development process aimed at
improving productivity and quality. Generally, the most
common metrics identified by the Software Engineering
Institute at Carnegie Mellon University include lines of
code, function points, complexity, and number of bugs
detected and fixed.

UCAR undertakes significant software development in
the areas of information systems infrastructure, scientific
visualization, and scientific applications. Examples of
information systems infrastructure development at UCAR
are the Earth System Modeling Framework, focused
on integration of modeling components; Open-source
Project for a Network Data Access Protocol (OPeNDAP),
focused on network integration of scientific data; and
the development by Unidata of a common data format
definition (netCDF) and the Local Data Manager (LDM),
developed to allow the university community to ingest
and manage data delivered over the Internet. The
success or impact of any infrastructure or framework
depends upon the extent to which it is adopted and built
upon by the community. Without direct measures of
the software systems that rely upon these technologies,
user surveys and measures that account for the numbers
of users (national and international) and the number of
software downloads are useful in assessing productivity,
quality, and impact.

Application development at UCAR involves directing
research and engineering toward the solution to scientific
and engineering problems relevant to society and
facilitating the transfer of information, expertise, and
technology to the public and private sectors. Although
the direct impact of application software development
may be difficult to measure, continued public and
private sector funding for a wide variety of application
areas strongly suggests the relevance of UCAR software
applications in these arenas. The Research Applications
Laboratory (RAL) is currently developing software
applications in the areas of aviation, public weather,
fire weather, hydrometeorology, homeland security, and
surface transportation. The diversity of application areas
addressed by RAL has grown significantly over the past
decade. If we assume that greater diversity of sponsors
translates to increased usage within the public and private
sectors, then the number of areas under development is a
useful metric.
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In summary, productivity in providing computer
services may be judged by high-end computing capability
and rank in the Top 500 supercomputer list, size and
growth of the data archive, bandwidth of the data
archive, number of software downloads, number of
users, and lines of code in software development. The
quality of services may be assessed by metrics such
as user wait time on time-shared, high-end computing
platforms; access time to data in the archive; and
customer satisfaction as measured by user surveys. The
impact may be estimated by the number of applications
for computing resources, data, and software, and by user
input through surveys.

4.4 Community Models

NCAR serves the university community and the public
and private sectors through the development and ongoing
support of several widely used community numerical
models. For example, over the past 20 years NCAR has
developed, maintained, and documented the Penn State-
NCAR mesoscale model (MM), which has been used by
well over 1,000 scientists and students from more than
500 universities and institutions worldwide and is now in
its fifth generation, MM5. The continued development of
community models is an integral part of NCAR’s strategic
plan.

NCAR has made a long-term commitment to develop
the first generation of an Earth System Model (ESM). This
effort will require the integration of current capabilities,
such as the Community Climate System Model (CCSM),
MMS5, the Weather Research and Forecasting model
(WRF), and models of the biosphere and ecosystems.
The ESM effort is a grand challenge that will tax NCAR’s
computational facilities and requires extensive teaming
with university and other community researchers.
Quantitative and qualitative metrics for community
models can be used to improve the effectiveness of
existing models and to establish a baseline for the
development of the ESM.

The largest community modeling effort is the CCSM,
which has involved a significant part of the climate
community in its development and application. The
second largest effort is WRF, which is replacing MM5
as NCAR’s premier mesoscale model. The Whole
Atmosphere Community Climate Model (WACCM) is
the newest large community model and the next step
in the evolution of Earth system models at NCAR. A
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comprehensive numerical model that spans from the
Earth’s surface to the thermosphere, WACCM reflects the
importance of coupling between atmospheric regions.

NCAR community models are developed and
improved with significant contributions from the
community. Thus, measurement of productivity
should not be focused only on NCAR’s support of the
models. Instead, metrics such as the number and size of
workshops and tutorials, number of responses emailed
to users with technical questions, number of computer
platforms or operational centers currently running the
model, number of releases of the model, quantity of
output use, and level of user support provided by NCAR
would better reflect progress and trends. Qualitative input
can be gathered from community user surveys. Overall,
the extent of use and level of user satisfaction throughout
the worldwide community are perhaps the best indicators
of the success of NCAR’s effort.

Measurements of the quality of NCAR’s community
models include computational efficiency, generality of
applications, number of options, state of documentation,
ease of use, and accuracy. These metrics could be
evaluated, in principle, by gathering the same statistics
from other similar models, but this would be difficult.
The models are probably best evaluated together by
analysis of the extent of use and the satisfaction of
users. User surveys can be employed along with other
statistics regarding use and user satisfaction drawn from
workshops, tutorials, and user databases.

Metrics that can be used to gauge the impact of
NCAR’s models include surveys of registered users and
workshop participants, number of users worldwide,
number of papers or conference talks based wholly or
in part on the models, input from users at operational
centers, and number of citations specific to model
development and releases.

4.5 Observing Facilities

Many UCAR and NCAR groups develop observational
capabilities as part of a broader research program. The
mission of the Earth Observing Laboratory (EOL) is
to “provide observing facilities and related services
otherwise difficult to mount by any single university
department or small groups of NCAR scientists” (EOL
Draft Strategic Plan: www.atd.ucar.edu/dir_off/stratplan/
ATD_StrategicPlan.pdf). This mission involves two
distinct but related areas. First, EOL deploys complex
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instruments and arrays of instruments in support of
community-initiated research. Second, EOL ensures
the continuing relevance of its services by developing
new instruments to meet the needs of future research.
Separate metrics are discussed for these two areas.
4.5.1 Observational Facility Deployment

EOL maintains a pool of facilities that can be
requested by university researchers and others through
the NSF/NCAR Observing Facility Allocation Process.
Additional facilities may be requested with approval
and funding from NSF. Current EOL facilities include
a variety of standard and mission-specific sensors for
the NSF/NCAR C-130 aircraft, including the airborne
Electra Doppler Radar (ELDORA), the Scanning
Aerosol Backscatter Lidar (SABL), the Airborne Imaging
Microwave Radiometer (AIMR), and the Multichannel
Cloud Radiometer (MCR). Ground-based facilities include
the S-Band Dual Polarization Doppler Radar (S-POL); the
Global Atmospheric Observing System of rawinsondes
(GAOS); a mobile version of GAOS, the Tethered GAOS
(TAOS); the Integrated Sounding System (ISS) with wind
profiler, rawinsonde, surface measurement tools, and
an optional high-resolution Multiple Antenna Profiler
(MAPR); the Integrated Surface Flux Facility (ISFF); and
the Global Positioning System dropsonde. A high-altitude
aircraft, the High-performance Instrumented Airborne
Platform for Environmental Research (HIAPER), was
delivered to NCAR in March 2005, and a host of new
sensors will be developed and deployed on HIAPER.

The productivity of observational facility deployments
is measured by such indicators as the number of field
projects served in a year, the number of days a facility
is deployed, the number of PIs and participants in the
field who are served by the facilities, and the number of
published papers based on the deployments.

The quality of facility deployments is measured by
a PI assessment of how well the data addressed project
needs. This is gathered as part of a PI user survey
following each project. The quality of all deployments
for a given year could be evaluated by combining the
individual PT assessments and weighting them by a
“degree of difficulty” for each project (based on an
internal assessment). Degree of difficulty is necessarily
subjective and depends on a project’s location, the
number of EOL facilities deployed simultaneously, the
need for coordination with other agencies, and other
factors. The quality of data collected by each instrument
for each project may also be evaluated through a PI

survey. This information could be combined for all
projects as an indication of annual trends in data quality.
The impact of facility deployments is indicated by
the number of requests for use and by the number and
quality of resulting publications. Citation analysis of these
publications and evidence of important scientific results
based on UCAR facilities would also be good indicators
of impact. User surveys could include questions about
impact of a particular deployment or field program.

4.5.2  Observational Facility Development

EOL develops new observing systems and upgrades
and improves existing instruments. Examples of recent
developments include an integrated surface flux
measurement facility, an eye-safe scanning backscatter
lidar, and the driftsonde, which releases dropsondes
in remote areas. Recent examples of upgrades are the
addition of a second wavelength (Ka-band) to the S-POL
radar, creation of a digital-receiver-based wind profiler,
and integration of the latest Vaisala RS-92 radiosonde
package into the sounding systems. Community
workshops and strategic planning activities help EOL
management evaluate these developments and choose
areas for future emphasis.

To indicate overall, long-term productivity in
development of observational facilities, a record is
maintained of observational capabilities added and
discontinued. Similarly, the productivity of individual
development projects can be recognized from the number
of projects completed, in progress, and dropped or
stalled. Not all developments will be completed, since
prudent risk-taking is a necessary part of cutting-edge
instrument development.

The quality of an instrument development may be
evaluated by a subjective rating of how well the sensor
meets its proposed design specification. Ultimately, the
quality of the instrument is best evaluated by user surveys
once it is deployed. Quality may also be indicated by
such metrics as publications or patents resulting from the
development.

One indicator of the impact of a facility development
is the number of requests by users. Another is the ability
to attract additional non-NSF funding for development.

A third indicator is joint development—important
developments are likely to attract the interest of others
in the community and possibly of peer institutions. For
example, the French Centre de Recherches en Physique
de PEnvironnement Terrestre et Planetaire collaborated
in development of the ELDORA airborne Doppler radar.
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Some innovative instruments spur additional development
and use well beyond their specific initial purpose. The
use of Raman shifting within a pressurized gas cell to
generate laser light at an eye-safe wavelength is one
example, which led to the Raman-shifted eye-safe aerosol
lidar (REAL). For such technological developments,
publication and citation analysis are excellent metrics.

4.6 Data Services

Geosciences depend on timely access to and use of
many types of data from myriad sources. As articulated
in the 1997 National Academy of Sciences report Bits
of Power: Issues in Global Access to Scientific Data,
rapid advances in computing, communication, and
observational technologies in recent years have led to an
explosive increase in the volume of data collected, stored,
retrieved, and transmitted in order to advance scientific
inquiry and discovery. Data services in UCAR have
evolved and become increasingly sophisticated to meet
the demands of broader scientific disciplines. Therefore,
a set of meaningful metrics, along with a detailed
documentation of the breadth and depth of activities
across the institution, is important.

Surveying the data-service activities and compiling the
relevant metrics within the organization are an ongoing
process. Collecting statistics and conducting longitudinal
statistical analysis of the data services allow UCAR to track
internal changes as well as evolving community needs.
While it is difficult to document productivity, quality, and
impact using just a few objective measures or metrics,
tracking trends in performance within the organization is
important to show year-to-year fluctuations and changes
in the data services provided. When multiple programs
provide similar services, it is important to use a consistent
set of metrics in evaluating these services.

To document the productivity, quality, and impact
of data service activities within UCAR, the committee
conducted an internal UCAR survey in December 2004.
Fourteen divisions and programs participated in the
survey. It provided both quantitative and qualitative
results in the following areas:

e Data volumes, access, quality, and tools
e Data types, restrictions and support
e Collaborations and data service to the community

Based on the survey responses, it is clear that
providing data to the community is an important and
valued part of UCAR’s mission. Over the years, these
data provision activities have increased in scope and
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complexity, to a point where UCAR is not simply
providing access to data but is also providing a range of
sophisticated data services that benefit the community.

Quantitative measures of productivity include the
volume of data available to the community; amount
of data distributed to or accessed by the community;
number and types of tools for data processing, analysis,
and visualization; and number of support queries via
email, phone, and Web forms.

The amount of scientific data accessed by users is
easily measured. For example, SCD maintains a set of
metrics that indicates the identity of individuals who
have accessed the data, their discipline, the quantity of
data obtained, and the method by which the data were
delivered (e.g., tape, compact disk, download via Web
portal). These measures are maintained in a consistent
manner over time.

Based on the December 2004 survey, the volume of
data holdings within UCAR ranges from as small as
1 megabyte to as large as 2 petabytes among the
divisions. SCD has the remarkable distinction of holding
2 petabytes of data in its Mass Storage System. In
addition to the large volume of data provided by UCAR,
the wide variety of data types provided by divisions
and programs is also impressive. Data available from
UCAR comprise real-time data streams, archived data,
field project data (real-time and archived), retrospective
case studies, and metadata. They include data from in-
situ and remotely sensed observations as well as output
from operational and research models and span areas
as broad as weather, climate, atmospheric chemistry,
oceanography, space physics, and hydrology.

Data are provided to the user community through
a wide variety of access and distribution methods,
ranging from simple Web-based access to sophisticated
client-server protocols such as OPeNDAP and the
Abstract Data Distribution Environment. In addition,
digital library programs such as the Digital Library
for Earth System Education (DLESE) and the National
Science Digital Library (NSDL) are sharing data with
the larger community via the Open Archives Initiative
Protocol for Metadata Harvesting, a standard for library
interoperability.

In addition to providing data, UCAR divisions
and programs also provide and support a myriad of
software tools developed both at UCAR and elsewhere
to manipulate, analyze, and visualize the data. Data
provided by UCAR are analyzed and visualized through
many applications and programs, which range from
commercial off-the-shelf software (e.g., Interactive
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Data Language, Matlab, and the Environmental Systems
Research Institute’s Arc Geographical Information
Systems software package) to open source tools (General
Meteorological Package, or GEMPAK, and Integrated
Data Viewer) and applications that are program-specific
(custom scripting, Data Assimilation Research Testbed,
etc.). Many tools (MySQL, the My Standardized Querying
Language database server; NCAR Command Language;
and NCAR Graphics) are used by multiple divisions

and their user communities. For example, over 20,000
students nationwide benefit from direct access to real-
time observations, imagery, and model data via the
Unidata LDM.

Appropriate metrics of quality include reliability
of data services, as measured, for example, by up time
of data systems; value-added flags or indicators for
quality control (QC) or quality assurance (QA); customer
satisfaction ratings from surveys; and responsiveness
to support questions (e.g., average response time to
inquiries).

While not all data sets provided by UCAR explicitly
include QC or QA metadata information, a majority of
the data available from UCAR do undergo some kind of
quality control, either at the point of origin or before they
are provided to the community.* DLESE and NSDL work
solely with quality-assured data to meet their goal of
providing metadata.

A measure of the impact of data services is the
widespread use of data and tools by the community.

For example, a data infrastructure middleware such
as netCDF is used in software from many dozens of
commercial vendors and over 50 open-source packages.

The number of external collaborations is also
an indication of community impact. The challenges
associated with increasingly complex data services have
led to increased external and internal collaborations in
developing those services and tools. Many data projects
involve a broad spectrum of federal agencies, including
NOAA, NASA, Homeland Security, FAA, and DOD, as
well as research laboratories and institutes. International
organizations such as WMO, ECMWE, and foreign
universities also play important roles as partners.

UCAR’s international data distribution and data
gathering collaborations are far reaching, with as many
as 10 UCAR units actively involved in international

projects and collaborations. For instance, Unidata is
providing real-time data to sites in Costa Rica, Brazil,
Canada, Taiwan, Vietnam, Portugal, Spain, the United
Kingdom, Russia, Hong Kong, and Australia. RAL is
working with the Hong Kong Observatory, the DWD
(German Met. Service), the U.K. Met. Office, the National
Taiwan University Meteorology Lab, and the Frontier
Observational Research System for Global Change in
Japan. EOL field projects span remote locations around
the world.

4.7 Intellectual Property and
Technology Transfer

Intellectual property at UCAR includes patents,
trademarks, copyrighted materials (e.g., software, articles,
images) and know-how. Technology transfer takes a
variety of commercial and noncommercial forms.

Most technology transfer falls into one of four
categories: (1) authored publications, freely available
texts, graphs, images (copyright to the author or UCAR
depending on the circumstance); (2) no charge, no
license transfers—that is placing a work in the public
domain (examples include data, software); (3) no charge,
licensed transfers; and (4) commercial licensing transfers.

Measuring the effectiveness of both intellectual
property and technology transfer activities is challenging
because it is difficult to define success and to find peer
organizations for comparison. In general, the most
successful university technology transfer programs ensure
that the public will have access to the technology and
that any new and better products will be available to
help people, society, and the environment worldwide.’
The concept of measuring success in technology transfer
by the scope of access and breadth of use applies
particularly well to UCAR.

Examples of UCAR technology transfer include the
EOL dropwindsonde technology, now produced by an
outside vendor, and the PIRAQ-3 (PC-based Integrated
Radar Acquisition Card - 3rd generation) radar control and
data acquisition computer card developed in EOL and
now being used in commercial wind profilers. Numerous
customers also use RAL and EOL systems, which
have been developed by combining sensor networks
and algorithms. Examples include the Windshear &

*Most data generators and providers (e.g., NOAA, NWS, NCEP, and ECMWF), principal investigators, NCAR scientists, as well as staff in SCD and EOL
perform varying degrees of quality control on the data before they are distributed to the community or archived at UCAR.

> AUTM Licensing Survey: FY 2003, Association of University Technology Managers (2004)
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Turbulence Warning System that was developed for the
Hong Kong airport and has been transferred to the Hong
Kong government; the Low-Level Windshear Avoidance
System (LLWAS), with its renowned microburst algorithm,
which is in operational use at numerous U.S. and foreign
airports; and many of the products and algorithms
integrated into the WSR-88D (Weather Surveillance Radar
1988, Doppler) radar network.

UCAR currently tracks patents, commercial licenses,
and royalty and license revenues. Some laboratories,
divisions, and programs also track technology transfer by
counting how many users download software, models,
and educational modules. For example, the Cooperative
Program for Operational Meteorology, Education &
Training (COMET) reports that 30,000 users access its
proprietary learning modules on an annual basis, for a
total of 500,000 user sessions per year.

Measuring quality is normally accomplished through
input from users via formal or informal communications.
Relevant metrics include citations by third parties of
UCAR intellectual property, licenses, revenue created,
number of users, and the overall view of UCAR’s
intellectual property and technology transfer activities by
the community.

The impact of UCAR intellectual property is measured
by its use in the community and feedback from users.
These metrics can be implemented by looking at data
collected in the productivity assessment, final reports
to sponsors, and anecdotal evidence. Some ways
to measure the impact of intellectual property and
technology transfer are through societal benefits (e.g.,
lives saved), economic impacts (e.g., money saved to an
economic sector), citations by third parties, downloads of
UCAR software, awards and recognition by technology
partners and users, number of respondents to request
for information (RFID) and request for proposal (RFP)
licensing searches, and requests to use UCAR intellectual
property and technology by third parties.

4.8 Administrative Support

UCAR is internationally known for the excellence
of its science, engineering, and educational programs
as well as the quality of community support provided.
The role of Finance and Administration (F&A) is to
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provide support to these programs.® F&A services must
be of high quality, and because they are supported
through indirect costs to the UCAR programs, they

must be provided at a reasonable cost. F&A services

are also critical to ensuring the financial integrity of the
organization, which is essential to its long-term viability.
For a description of the F&A functions and services please
see http://www .fin.ucar.edu/.

The efficiency of UCAR’s administrative support is
ensured through regular and thorough planning and
review of administrative functions. These functions are
developed and revised annually with careful attention
to costs by the directors of NCAR, UOP, and Education
and Outreach, as well as the vice president for finance
and administration and the UCAR president. They are
then reviewed and approved by NSE. The resulting
indirect cost (overhead) rates are monitored over time
and compared with universities and other national
laboratories. Indirect cost rates are important metrics
of the efficiency of the UCAR organization. In addition
to this annual planning and review process, UCAR
regularly “re-engineers” its business practices to achieve
greater efficiencies; recent examples include revised
travel policies, development of electronic timecards, and
ongoing efforts to improve proposal-submission and
hiring processes.

Administrative support encompasses broad areas of
activity, including: (1) budget and finance; (2) contracts
and sponsored agreements; (3) general counsel; (4)
human resources; (5) administrative information
technology; (6) physical plant acquisition, maintenance,
and renovation; (7) safety and site services such as
shipping and receiving, shuttles, event services, and
security; and (8) treasury.

For each of these eight functional areas in F&A,
managers have identified metrics to assess their
productivity, quality, and impact. The impact of F&A
services is felt throughout the organization. When these
services are provided without significant problems, they
may scarcely be noticed and largely taken for granted by
customers. However, if problems arise, the impact on
the organization can be devastating; imagine a missed
payroll, IT systems down for a week, or a major financial
fraud or scandal. The impact of all of these services is
best measured by customer satisfaction, both inside and
outside the organization.

®While this report considers only the central administrative services provided by UCAR Finance and Administration, significant administrative support

is also provided within the UCAR and NCAR divisions and programs.
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When interpreting and comparing metrics in the
F&A context, it is important to understand what is being
compared. For example, the indirect cost rates for two
similar organizations may include significantly different
services or functions; the specific services considered
as indirect functions must be defined to get an accurate
comparison.

UCAR plans to host a workshop in 2006 to
address the issue of metrics in finance, administration,
and building maintenance. Attendees will include
representatives from the other NSF FFRDCs and other
national labs. The workshop will focus on establishing
a standard set of metrics that can be used and reported
on by all the participants. We will also look at “best
practices” at the various centers and labs. This will allow
all of us to report comparable metrics that are meaningful
and well understood.
4.8.1 Budget and Finance

The productivity measures of Budget and Finance
include the number of sponsor-required financial reports
prepared, the number of paychecks processed, the value
and number of pieces of equipment tracked, the number
of travel authorizations and vouchers processed, and the
number of training sessions provided in house per year.

Measures of quality include accuracy of financial
transactions such as travel reimbursements, checks, and
wire transfers; clean opinions on audits; and accurate
financial reports.

4.8.2 Contracts and Sponsored Agreements

Over the years the number and complexity of
business services, contracts, and sponsored agreements
at UCAR have grown significantly. Productivity metrics
include the number and dollar value of sponsored
agreements, number and dollar value of subcontracts,
number of contracts prepared and reviewed, number of
purchase orders processed, requests for proposals (RFPs)
issued, and the dollar value of improvements to facilities
and infrastructure.

Quality measures include the fraction of subcontract
requests that NSF approves without further comment,
evidence of the reputation with federal funding agencies
(UCAR is used as a benchmark by NSF and DOE FFRDCs
and NSF itself), accuracy or dollars saved on contracts,
rates obtained for insurance coverage, speed and accuracy
of purchasing card transactions, and success in avoiding
regulatory investigations triggered by audit results.

4.8.3 General Counsel

The UCAR Office of General Counsel handles legal
and patent matters for the organization. Productivity
metrics include the number of patents filed and issued,
number and dollar value of licenses issued, training
provided to staff in areas such as exports and human
subjects research, and the number of issues requiring
legal advice and support each year.

Quality measures include the successful handling
of potential human resource and employment law
challenges, avoidance of lawsuits, and successful filing
of legal documents with the various state and federal
jurisdictions.

4.8.4 Human Resources

Productivity measures for Human Resources (HR)
include time required to complete hiring process, number
of HR programs to support employees, number of
training sessions conducted, number of visas prepared,
and number of personnel issues addressed.

Quality measures for HR include effectiveness of
training classes as measured by trainee feedback, success
in attracting and retaining quality talent, number of visas
successfully approved, minimization of travel difficulties
for international visitors, and success in HR initiatives that
support employees.

The impact of HR is seen in the success of the
organization, which depends upon recruitment and hiring
of high-quality staff, training of employees to be effective
in their jobs, satisfied employees, and low turnover rate.

In addition to metrics of its own performance, HR
maintains metrics on diversity for all of UCAR. Each
year the department prepares an Affirmative Action Plan
that analyzes UCAR’s workforce and compares UCAR to
external benchmarks to determine the impact of hirings,
terminations, and promotions. The results of this analysis
are presented to UCAR management. HR also annually
evaluates the impact of salary increases to ensure that
there are no biases in compensation across UCAR.

For fifteen years, HR has analyzed the distribution
and promotion of NCAR scientists by gender and
ethnicity. This analysis is presented to the UCAR Board
of Trustees each year and has resulted in changes in the
hiring patterns of scientists, notably in the number of
women hired into the scientist ranks over the past five
years.

Since salaries and benefits are the highest costs
of UCAR, they are an important metric related to the
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efficiency of all of UCAR. A careful balance must be
achieved between fiscal responsibility and salaries and
benefits that are sufficiently high to attract productive and
high-quality staff. UCAR’s policy is to provide salaries
and benefits that are at or near the median of appropriate
peer groups. Surveys are conducted each year and used
to determine changes in salaries and benefits. The

UCAR Board of Trustees approves annual salary range
movements and any major changes to benefits. This
objective process for setting salaries and benefits, coupled
with annual performance reviews and the setting of
individual salaries based on performance, is a powerful
management tool to help ensure the productivity, quality,
and efficiency of UCAR programs and administration.

HR also surveys UCAR member institutions to prepare
an annual report on salaries of professors and graduate
students in the atmospheric and related sciences. UCAR
and participating member institutions use this survey
as a benchmark for establishing their own salaries
for scientists and professors. This survey has been
conducted for the past 18 years.

4.8.5 Information Technology

Administrative Information Technology (IT) supports
the organization in many ways through fast, reliable,
and efficient computer, network, and Web technologies.
Productivity and quality measures for IT include the
number of computer application upgrades; error-free
upgrading of computer applications within a given
deadline; up time for accounting systems, payroll, Web
applications (e.g., time cards, room reservations, data
warehouse, online travel, e-mail, proposal advance
notices, signature authority); and on-time delivery and
consistency of services.

4.8.6  Pbhysical Plant Services

Physical Plant Services (PPS) supports UCAR
by providing and maintaining the physical facilities
(i.e., buildings, grounds, roads) for staff and visitors.
Productivity and quality measures for PPS include number
of maintenance work orders requested and completed,
number and value of improvements to facilities, quality
of maintenance work performed (as measured by call
backs), quality of UCAR facilities ( based on criteria
such as cleanliness, proper maintenance, safety, and
user satisfaction). PPS also oversees the acquisition of
new space; metrics in this area include demonstrated
cost-effectiveness of acquisitions based on an objective
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comparison of options. For example, the acquisition of
space at the Foothills Lab and Center Green campuses
was based in significant part on an analysis that showed
purchase of the buildings by UCAR through tax-exempt
bond funds was the most cost-effective solution to
providing necessary space to meet UCAR’s programmatic
requirements.

4.8.7  Safety and Site Services

Safety and Site Services (SaSS) provides support
to UCAR’s employees and visitors in the areas of
security, safety, events planning and support, shuttle
transportation, and mail and shipping services.

Productivity metrics for safety include records
required by OSHA: lost workdays, restricted workdays,
and recordable accidents. They also include the medical
costs of on-the-job injuries, including ergonomic injuries.
Quality measures include workers’ compensation rates
and results of OSHA and EPA audits.

Productivity for events planning and services is
indicated by the number and size of meetings supported.
Quality is indicated by user surveys and continued use of
the services.

UCAR provides shuttle services between its three
sites. The number of trips and passengers (passenger
miles) indicates the productivity of the shuttle services.
The safety record, on-time record, usage rate, and user
satisfaction indicate the quality.

UCAR provides mail and shipping services ranging
from routine (daily U.S. Postal Service mail and interoffice
mail) to complex (such as shipping delicate equipment
to international destinations to support field programs).
Productivity is measured by the volume of materials
mailed or shipped. Quality is measured by the number of
successful and timely deliveries and by user satisfaction.

4.8.8 Treasury

Productivity and quality measures for treasury
operations include average cash turnover per month,
number and dollar amount of bond debt agreements
outstanding, number of prespending and overspending
requests processed, and bond ratings.

4.9 Education, Outreach, and Training

An internal study in 2004 estimated that
approximately 11% of UCAR resources were dedicated
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to education, outreach, and training. Assessing the
productivity, quality, and impact of these programs
presents special challenges, since the ultimate “product”
in most cases is an increase in human knowledge,
awareness, or skills—and these are difficult to measure.
Another important goal of education, outreach, and
training programs at UCAR is the integration of research
and education; progress toward this goal is also difficult
to measure.

In response to these special challenges, UCAR
educational programs estimate overall productivity,
quality, and impact through triangulation with multiple,
overlapping assessments.

Productivity, as in science, can be measured
relatively simply in terms of publications, presentations,
and service related to education and outreach (EO). In
specific programs, such as Significant Opportunities in
Atmospheric Research and Science (SOARS) or the ASP
Graduate Program, productivity can also be measured in
terms of degrees earned.

To measure quality, all UCAR educational programs
regularly collect surveys about learner attitudes. These
take the form of online evaluation forms, evaluations
collected during residence courses or workshops, and
surveys given to the learner after some period of time.
Focus groups, interviews, and formative evaluations are
also used regularly for many of the education programs
to guide the design of activities and evaluate their
effectiveness. Occasionally, summative evaluations
are performed by external organizations to assess the
effectiveness of a program over a period of time. For
example, Global Learning and Observations to Benefit

the Environment (GLOBE), COMET, and SOARS have had

external summative evaluations. These are important,
though often expensive, studies. They are employed
judiciously to evaluate the quality of certain EO activities
and to discover “best practices” that can then be adopted
by other EO activities. Finally, international and national
awards provide an independent, external measure of the
quality of UCAR EO programs.

Impact is similarly estimated through multiple metrics.

UCAR educational programs employ statistics to measure
the level and history of use. Each educational program
Web site collects annual statistics. The EO office also
compiles statistics on the number of public visitors to the
informal science exhibits at the Mesa Laboratory. Many

programs, for example, SOARS and the Windows to the
Universe Web site, gauge their impact in terms of their
ability to reach students from groups that have been
historically underserved. ASP and SOARS keep track
of the professional paths of postdoctoral fellows and
protégés respectively, which provides an opportunity to
estimate the long-term impact of these efforts.

As an example of how these metrics function,
consider the application to a specific UCAR EO program,
SOARS. In SOARS productivity is measured in terms of
the numbers of protégés who enroll in and succeed in
graduate school in the atmospheric and related sciences.
Quality is measured through formal recognition,
such as the 2001 Presidential Award for Excellence
in Science, Mathematics, and Engineering Mentoring,
and through external evaluation like that conducted
by the Ethnography and Evaluation Research Group
at the University of Colorado. Impact can be seen in
both the diversity of SOARS protégés compared to the
demographics of graduate school students in general and
in the protégés who successfully enter the professional
workforce with advanced degrees.

4.10 Communications and Advocacy

Effective communications and advocacy are
critical to the health of the UCAR community. While
national and international events and politics are the
ultimate controllers of budget and legislation, effective
advocacy means that the community is present when
opportunities arise and that Congress is well enough
informed to understand the issues involved. Advocacy
can at least influence budgets at the margins, maintain
the community’s visibility in Washington, and influence
or initiate relevant legislation. The primary audience for
UCAR’s advocacy activities is the federal government,
both the executive and legislative branches; a secondary
audience is federal science agencies; and a tertiary is the
UCAR community.

The small body of literature on evaluating public
relations activities recommends a range of tools focused
on both outputs (e.g., press coverage) and outcomes
(changes in awareness and attitude),” and such efforts
can be quite costly and time-consuming. Much of this
literature is based on commercial goals (increasing sales

7 Institute for Public Relations, Guidelines and Standards for Measuring and Evaluating PR Effectiveness, 1997.
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or share value). While public sector “marketing” has
analogies, their goals are often much more diffuse and
subjective (public support for science or community
awareness of particular initiatives).

Dr. Linda Kelly’s 2002 paper, “International Advocacy:
Measuring performance and effectiveness,” sums up
the difficulties of creating a set of precise metrics of
effectiveness:

Effective advocacy is rarely a simple and
straightforward process. It tends to combine a
gradual accumulation of attention and focus,
with occasional precipitative events, causing
organizations to play multiple roles often spread
among various departments. . . . It operates in a
context that is often unpredictable and can lead
to unexpected changes or outcomes. Traditional
evaluation and monitoring methods, which
compare outcomes with original objectives based
upon assumptions of linear progression and
limited variables, are not often useful for tracking
change and evaluating the success of this type of
process.

The audiences for communications and outreach
are the public and the scientific community broadly
defined—UCAR members, professional societies, and
agencies that support the UCAR community’s work. A
major study of communications excellence® concludes
that the best communications programs share three
qualities: core knowledge of the communications staff,
shared expectations with management, and a participative
culture.

Productivity measures for advocacy include numbers
of activities such as Capital Hill and Executive Office
briefings and visits to UCAR, Action Alerts, Washington
Updates, documents created for use on Capital Hill, and
written and oral testimonies provided to Congress.

Productivity metrics for communications include
number and length of publications, press releases, and
Web pages. Quality and impact metrics include awards,
assessments in readers’ surveys, readership statistics and
circulation lists, and press clippings covering UCAR work
or quoting UCAR staff.

Measuring the Productivity, Quality, and Impact of UCAR Programs

For advocacy, quality can be measured in terms of
increased funding (or minimized decreases in funding
when the overall trend is down), success in getting
funding for a particular project or program, number of
Congressional requests for testimony or information,
responses to Action Alerts, use of advocacy-related
documents, achieved legislation that is favorable to the
science, and increased congressional awareness about
research, applications, and education programs. As with
assessments in other areas, these metrics are somewhat
problematic in that there is usually no way of measuring
what would have happened without the advocacy
activities.

The impact of advocacy and communication efforts
can be measured in terms of use by others—hits on the
Office of Government Affairs and Communications Web
sites, responses to Action Alerts, participation in briefings
and Hill meetings, and the like. Another measure is the
number of times UCAR-proposed language is adopted for
budget bills and legislation. The number will never be
high in any given year, so a long time is required to make
this metric relevant. In addition, questions regarding
the quality and impact of UCAR Communications and
advocacy are included in the periodic UCAR survey of the
community.

8 Presented at the 2002 Australasian Evaluation Society International Conference.

? Dozier, David, Larissa Grunig, and James Grunig, Manager’s Guide to Excellence in Public Relations and Communication Management, Mahwah,

N.J.: Lawrence Erlbaum Associates, 1995.
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5.0 Summary

UCAR, with the university community, carries out
a broad range of scientific, technical, and educational
programs. UCAR develops and provides to the
community observational and computational facilities,
models, and data sets. UCAR is also an advocate for
programs of importance to the community. A complete
range of administrative services supports these programs,
facilities, and activities. A variety of metrics are used to
evaluate the productivity, quality, and impact of each of
these programs and service functions. These metrics,
together with the costs of direct and indirect programs,
are indicative of the efficiency of the programs and
service functions. These metrics are monitored and used
throughout the organization in its management, planning,
and review activities.

An ideal set of metrics (1) measures progress toward
institutional goals, (2) is useful in comparisons with peer
institutions, (3) is relatively easy to compute, and (4)
can be done objectively. Metrics can be quantitative or
qualitative, and both types are used at UCAR (Table 3).

As noted throughout this report, metrics are an
important component of performance assessment. The
committee, with the concurrence of UCAR management,
recommends that each UCAR entity codify a set of
metrics, such as listed in Table 3, that best meet its
evaluation and programmatic objectives. These metrics
should be maintained over time, because trends are often
much more informative than instantaneous values.

However, quantitative metrics are not sufficient by
themselves to judge UCAR programs. The COSEPUP
study (NRC, 1999), among others, emphasizes that
external expert review is the most effective evaluation
tool for research programs. Peer review of proposals
and publications, NSF and UCAR review committees
such as the Scientific Programs Evaluation Committee,
and other oversight processes will continue to be an
essential and integral component of the measurement of
the productivity, quality, impact, and efficiency of UCAR’s
programs and administrative support functions.
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Table 3

Metrics to characterize the productivity, quality, impact, and efficiency of UCAR programs

General—Apply to more than one category of UCAR activities

1.

2.
3.
4

E

0 ™ N o

External awards (e.g., AMS, AGU, AAAS)

Number and dollar value of proposals written and funded

Number of peer-reviewed papers and conference presentations

Invitations

a. To chair or serve on external committees, boards, etc.

b. To present invited papers or talks

Leadership and participation in community activities such as NRC committees, IPCC, WMO, AMS activities, review
committees, etc., especially when they are by invitation only

Election to prestigious positions (such as president of professional societies)
Number of external collaborators and coauthored papers

Number of workshops, tutorials, and seminars

Degree of satisfaction of users (e.g., through surveys)

10 Administrative overhead for programs and facilities

Key metrics used in ten categories of UCAR activities

1.0 Science

N oW A N e

Peer-reviewed publications

Citation rates

Reference to or inclusion in major scientific assessments (e.g., IPCC)
Coauthored papers

Number of prestigious awards or positions such as NAE and NAS memberships
Quality of letters of recommendation for promotion

Specific examples of outstanding discoveries or contributions

2.0 Scientific visitors and postdoctoral fellows

1.

2.
3.
4

Number of visitors and visitor-days per year
Number of collaborations with UCAR scientists
Amount of visitor funding

Feedback from visitors and postdoctoral fellows

3.0 Computing facilities

1.

Power and quality of hardware and software (e.g., computational power [computing cycles]), visualization platforms, data
archival and delivery systems, and size of data set archived and used)

Number of software and other applications developed and used by community

Number of users

4.0 Community models

1.

2.
3.
4

Number of users (individuals and institutions) of models or output of models
Number of workshops and tutorials

Number of responses to enquiries for technical or other help

Computation efficiency, usability on different platforms
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5.0 Observing facilities

SN SIS A

Number of users of instruments and platforms
Number of field projects supported

Number of days a facility is used per year
Number of new facilities developed

Number of requests for use

PI assessments

6.0 Data services

B D

Number of users (individual and institutional)

Data volumes archived and accessed by users or delivered in real time
Number of data services and data software packages used

Reliability (e.g., up time) of data services

7.0 Intellectual property and technology transfer

1.

2.
3.
4

Number of patents and copyrights awarded

Number of licenses granted

Number of products or systems developed by UCAR and used operationally
Revenue generated by commercialization and licensing activities

8.0 Administrative support

1.

O 0 N oW R R

Number of financial reports prepared, paychecks processed, equipment tracked, travel authorizations prepared, contracts
and sponsored agreements supported, purchase orders processed, computer and Web applications produced

Number of high-quality applicants for positions and ability to “hire the best”

Number of reportable accidents, days of sick leave, lost work days

Turnover rate of employees, promotion rate, job mobility

Mentoring and training opportunities

Demographics, salaries and benefits, ethnic and gender diversity of staff compared to peer organizations

Number of workshops and events supported

Investment performance, number and dollar amount of bond agreements, success in obtaining favorable bond ratings
Indirect costs and indirect cost rate

9.0 Education, outreach, and training

1.

N

Number of people directly served (e.g., SOARS protégés, ASP postdoctoral fellows, graduate assistants, weather service
forecasters, teachers trained, workshop and residence course participants, exhibit visitors)

Number of people accessing distance learning materials and Web sites

Surveys of participants in courses and workshops, visitors to Web sites, and stakeholders such as federal agencies,
educators, students, and the public

Number of holdings in library or other collections (e.g., in digital libraries or other educational resource centers)
Educational materials produced for use in classrooms (e.g., COMET materials)

Summative evaluations

10.0 Communications and advocacy

1.

Number of Capital Hill briefings and visits to UCAR by congressional or administration delegations, Action Alerts,
Washington Updates, testimonies

Number and length of publications, press releases, other documents, and Web pages.

Use of materials by others (e.g., hits on Web sites, faculty responses to Action Alerts, requests for information from
Congress, press clippings covering UCAR work and/or quoting UCAR staff, readership and circulation statistics)
Specific actions that occur as a result of advocacy efforts (e.g., funding for programs, incorporation of UCAR-suggested
language)

Feedback from universities, agency people, knowledgeable people in Washington
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Acronyms

AAAS

AGU
AIMR
AMS
ASP
CCSM
CCSP
COMET

COSEPUP

DLESE
DOD
DOE
DWD
ECMWF

ELDORA
EO

EOL

EPA

ESM
F&A
FAA
FFRDC

GAOS
GEMPAK
GLOBE

GPRA
HIAPER

HR
IPCC
ISFF
ISS

IT
LDM
LLWAS
MAPR
MCR
MM

American Association for the Advancement of
Science

American Geophysical Union

Airborne Imaging Microwave Radiometer
American Meteorological Society

Advanced Study Program

Community Climate System Model

Climate Change Science Program

Cooperative Program for Operational Meteorology,
Education & Training

Committee on Science, Engineering, and Public
Policy

Digital Library for Earth System Education
Department of Defense

Department of Energy

German Meteorology Service

European Centre for Medium-range Weather
Forecasting

Electra Doppler Radar

Education and Outreach

Earth Observing Laboratory
Environmental Protection Agency
Earth System Model

Finance and Administration
Federal Aviation Administration

Federally Funded Research and Development
Center

Global Atmospheric Observing System
General Metrorological Package

Global Learning and Observations to Benefit the
Environment

Government Performance and Results Act

High-performance Instrumented Airborne Platform
for Environmental Research

Human Resources

Intergovernmental Panel on Climate Change
Integrated Surface Flux Facility

Integrated Sounding System

Information Technology

Local Data Manager

Low-Level Windshear Avoidance System
Multiple Antenna Profiler Radar
Multichannel Cloud Radiometer

Mesoscale Model

MM5
MySQL

NAE
NAS
NASA
NCAR
NetCDF
NOAA
NRC
NRL
NSDL
NSF
OMB
OPeNDAP

OSHA
PART

PI
PIRAQ-3

PPS
QA
RAL
REAL
RFI
RFP
S-POL
SABL
sass
SCD
SOARS

STAR
TAOS
UCAR
UNEP
UuoP
URC
WACCM
WMO
WRF

WSR-88D

Mesoscale Model version 5

My Standardized Querying Language (database
server)

National Academy of Engineering

National Academy of Sciences

National Aeronautics and Space Administration
National Center for Atmospheric Research
network Common Data Form

National Oceanic and Atmospheric Administration
National Research Council

Naval Research Laboratory

National Science Digital Library

National Science Foundation

Office of Management and Budget

Open-source Project for a Network Data Access
Protocol

Occupational Safety and Health Administration
Program Assessment Rating Tool
Principal Investigator

PC Integrated Radar Acquisition System —
version 3

Physical Plant Services

Quality Assurance

Research Applications Laboratory
Raman-shifted Eye-safe Aerosol Lidar
Request for Information

Request for Proposal

S-Band Dual Polarization Doppler Radar
Scanning Aerosol Backscatter Lidar
Safety and Site Services

Scientific Computing Division

Significant Opportunities in Atmospheric Research
and Science

Science to Achieve Results

Tethered Atmospheric Observing System
University Corporation for Atmospheric Research
United Nations Environment Programme

UCAR Office of Programs

University Relations Committee

Whole Atmosphere Community Climate Model
World Meteorological Organization

Weather Research and Forecasting model

Weather Surveillance Radar 1988, Doppler
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