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We enclose our review of the scientific program of the NOAA Climate Monitoring and
Diagnostics Laboratory. Overall, we view the Laboratory as an exemplary and invaluable
national resource. The ability of CMDL to excel in the face of a decline in real resources
during the past decade is an indication of the dedication of some exceptional people. However,
this success cannot be sustained without substantial strengthening of resource support. We
hope that increased recognition of the need to understand long-term change of the atmosphere,
and recognition of CMDL responsibilities for atmospheric monitoring, will make it possible to
find ways to address these resource needs.
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1. Importance of the Work and Relevance to Society
The Climate Monitoring and Diagnostics Laboratory (CMDL), based in Boulder,
Colorado, is one of 12 Research Laboratories/Centers of the National Oceanic and Atmospheric
Administration’s Oceanic and Atmospheric Research (NOAA-OAR) Line Office. CMDL
conducts long-term monitoring of the sources, sinks, and trends of global distributions of
atmospheric constituents associated with three important national and international issues:
climate change, ozone depletion, and baseline air quality.
CMDLis an important national resource producing unique and valuable contributions to
national and human welfare. CMDL data on climate change, ozone depletion, and air quality are
used by scientists within CMDL, across the United States, and around the world as a foundation
upon which to build and test scientific understanding of atmospheric variability and change.
CMDL has created a continuous record of atmospheric observations that describe aspects of the
state of the atmosphere over time and space. CMDL products make possible human
understanding of climate change, ozone, and baseline air quality in a manner that facilitates the
development of policy informed by the best available data. CMDL monitoring and research are
guided by the NOAA mission to predict and assess climate change on time scales from seasonal
to centennial. CMDL’s commitment to continuously measure atmospheric constituents and
radiation while maintaining the highest standards is vital to the success of the NOAA mission,
and it is an invaluable asset to the Nation and to the world.
2. Productivity and Quality of the Work
CMDL continues to literally set the standard for monitoring atmospheric constituents and
radiation, establishing a benchmark against which the international community judges its own
performance. The quality and value of CMDL’s data and research are reflected in the more than
13,000 citations of CMDL publications in the scientific literature in the past 10 years. The
wealth of data and quality of its research have made CMDL attractive to some of the world’s top
scientists. These scientists have pushed the frontier of knowledge in the areas of climate change,
ozone, and baseline air quality, and have thereby helped to articulate the data requirements to
advance scientific understanding still further. The interaction with user communities has been
essential to the health and vitality of the Laboratory. The Laboratory has been highly successful
in leveraging its resources with those of other organizations in cooperative enterprises and, in the
process, promulgating its high standards in the wider national and international research
communities.
In recent years limited resources have forced changes at CMDL. The number of students
at CMDL dropped from 10 to 5 between 1998 and 2002. Recruitments of new scientific staff

declined from 11 to 3 during the same period. Total employees declined from 92 to 81. This has
resulted in an aging staff, particularly in leadership positions, with fewer resources available for
use in activities outside data collection, quality control, and archiving.
The carbon cycle group, for example, is one of the strongest centers for scientific
leadership and data development in the world. Despite its excellence and international
prominence, the carbon cycle group has suffered in recent years because of declines in inflationadjusted funding. In 2001 two ship transects were dropped – the data lost forever. CIRES
employees in the group could be hired only for three months at a time due to delays in the
funding process, creating uncertainty in planning and inefficiencies in operations. Despite its
economies and improvements in efficiency, the group remains hard pressed.
The scientific productivity of the entire CMDL program shows signs of potential decline
due to the strain in simply maintaining the high quality products for which CMDL has become
world renowned. A decreasing staff leaves the institution with low morale and vulnerable to the
loss of key personnel. In some parts of the organization staff size has fallen below critical mass,
undermining the institution’s ability to provide leadership to the scientific community. While
some parts of the organization are intellectually vital and maintain morale, resource limitations
present a clear and present danger to the health and vitality of one of NOAA’s and America’s
precious national resources.
3. Responsibilities and Opportunities
Increased recognition of the need to understand the natural state and variability of the
atmosphere and the possible influence of humans on the atmosphere leads to new challenges and
responsibilities for CMDL. At the same time, these challenges represent an opportunity to
invigorate the scientific program and revitalize the workforce internally and via increased
external interactions. We discuss four research areas that are central to the CMDL mission.
3.1 Carbon Cycle
The CMDL Carbon Cycle group led by Pieter Tans is the single most important effort of
its kind in the world. The group organizes the only systematic and global collection of data on
atmospheric CO2 and related gases, and performs approximately 80% of the measurements. Its
GLOBALVIEW data set is the foundation of virtually every scientific paper that relies on global
measurements of atmospheric CO2, and is used extensively in all important global assessments.
The group’s policy of timely and open data availability and its impressive web-based data
distribution system provide a model that should be copied by other labs within NOAA and by
other federal agencies. The data are universally trusted because of the scientific reputations of
the scientists involved and because the group has organized an innovative system of
measurement inter-comparisons with other labs. Together, the open-handed policy on data
distribution and rigorous standards have led to collaborations with dozens of scientists of other
institutions and many critical findings. Moreover, the group has itself made or led several of the
most important discoveries about the carbon cycle, including the discovery of the Northern

Hemisphere carbon sink. Finally, the group has consistently pioneered new techniques including
inverse modeling methods and the use of very tall towers and aircraft to study the signature of
CO2 sources and sinks in a fluctuating planetary boundary layer.
The impending expansion of research outlined in the U.S. Carbon Cycle Science Plan had
its origins in Pieter Tan’s effort in 1995 to establish an expanded network of aircraft sampling of
CO2 in the US (the “Carbon America” plan). Since then, the CMDL Carbon Cycle group has
been at the forefront of the effort to organize the community of US carbon cycle scientists and
agencies around a cooperative plan. Their behavior is a model for the successful application of
NOAA’s Research Initiatives process. The inclusion of the first new funds in 2002 may enable a
much-needed doubling of the CMDL Carbon Cycle group over the next five years.
The U.S. Carbon Cycle Science Plan includes a wide array of field inventories, intensive
process studies, modeling, data assimilation methods development, and atmospheric sampling
from towers and aircraft. The CMDL Carbon Cycle group is the only group with the expertise to
construct and operate the backbone of the system. If implemented fully, the CMDL plan will
require 20 additional positions, mostly hired through the joint institutes. These personnel will be
necessary simply to make the measurements and process the data. The planned expansion of the
group into 4000 ft2 of newly renovated space is obviously essential. The committee has every
confidence that the group will be able to process and distribute the data, because of its past
performance and awareness of the size of the new problem. However, the totality of the
measurements outlined in the U.S. Carbon Cycle Research Plan will require new and complex
methods of data assimilation. Although the CMDL will continue to develop important new
methods of analysis, the size of the new effort makes it inevitable that most of the methods will
be developed by other institutions. It is thus critical for the CMDL to partner with these efforts.
In the flurry of activity over the U.S. effort, the CMDL must not lose sight of its global
mission. The global sampling network is currently too sparse to allow useful estimation of
fluxes from several entire continents and ocean basins. A backbone global monitoring network
is required. The Carbon Cycle Group plans a modest but vital expansion of its global network to
fill holes in the current network including 2 new shipboard ocean transects (L.A. to New Zealand
and N.Y. to Capetown) and new surface stations in Kenya, Indonesia, Brazil, Nauru, Bolivia,
Spain and Sao Tome (off equatorial West Africa). NOAA should support this effort if at all
possible, because the CO2 problem is global and because the large holes in the existing network
greatly increase uncertainty in inverse modeling estimates of all regions.
3.2 Methane
Methane is a powerful greenhouse gas, a source of stratospheric water vapor, and a
participant in tropospheric photochemical processes that modulate atmospheric concentrations of
crucial constituents like ozone and the hydroxyl radical. Thus, methane cuts across the interests
of most of the science programs in the CMDL. CMDL research programs will be essential to
documenting any changes in atmospheric composition that may result from future methane
emission reduction programs by the U.S. or other nations. CMDL researchers are also well
positioned to be actively involved in studying possible connections between anthropogenic

methane emissions and observed increases in stratospheric water vapor. An enhanced program
of methane research will require smaller, robust, less expensive sensors for methane detection at
remote field sites. The CMDL trace gas scientists could lead a research and development
program on next-generation methane measurement instrumentation.
In the United States, recent annual estimates of greenhouse gas emissions by the
Environmental Protection Agency and Department of Energy suggest that methane emissions
may already be stable or slightly declining. However, there is currently no systematic research
program that integrates the CMDL global methane observations with models and other
observations to understand how changes in methane emission sources relate to changes in
atmospheric concentrations. CMDL should better integrate its various internal methane
measurement efforts that cut across the carbon cycle and trace gas programs to address specific
scientific questions related to the role of methane in global atmospheric composition and climate
dynamics. CMDL should also try to use cooperative programs to address methane issues that
cannot be covered by in-house researchers (e.g., modeling).
The CMDL has an active program of atmospheric methane concentration measurements
at baseline monitoring sites around the world. These measurements help provide the world’s best
assessment of atmospheric trends and variability of global atmospheric methane. It is vital to
U.S. national interests that the CMDL global atmospheric methane research and assessment
program be continued. It is also important that the CMDL expand its methane research program
to include selected assessments of urban and regional methane source emissions and trends in the
United States. The North American Carbon Program offers an excellent opportunity for the
design and evaluation of sampling strategies for assessing methane emission sources associated
with large urban regions. A strategy for using atmospheric measurements to document changes
in urban-to-regional scale methane measurements will require close collaboration between the
CMDL carbon cycle and halocarbon/trace gas groups. This research would require additional
staff and funding, as well as contributions from external collaborators. However, a substantial
investment of NOAA core funds dedicated to methane research could result in national and
international leadership in the crucial challenge of reducing uncertainties in understanding the
role of methane in climate dynamics and change.
3.3 Ozone and Trace Gases
CMDL has been a world leader in monitoring both the state of stratospheric ozone and
the chemical agents responsible for changes in that state. Although we have gained sufficient
understanding of stratospheric ozone chemistry to support affirmative steps to protect the ozone
layer, our understanding remains incomplete, requiring continued research and vigilance. The
monitoring programs at CMDL are central to international efforts to prevent future degradation
of the ozone layer, including any that might result from “surprises” not currently accounted for in
our models of the ozone layer. To this end, CMDL scientists have positioned themselves at the
frontier of trace gas measurement techniques, but shortages in several areas threaten this
position, including technical personnel to maintain instruments, programming personnel to aid
data management and visualization, and funds to purchase instrumentation. A critical problem

also exists in a lack of depth in the scientific staff; for example, expertise on the worldwide
Dobson total ozone measurement currently resides primarily in one person.
Tropospheric ozone, a prime ingredient in urban smog and one of the most important air
pollutants, is damaging to human health and agricultural productivity. In addition, this humanmade low-level ozone causes a climate forcing (warming) that is at least 25%, and perhaps 50%,
as large as that of CO2. Our understanding of tropospheric ozone changes is very poor. CMDL
ozone monitoring is important for improving our understanding of tropospheric ozone change
and assessing the effect of actions aimed at reducing the amount of this pollutant. Ozonesondes
provide valuable information about the vertical distribution of ozone, but additional sounding
stations are needed. In a similar vein, soundings of water vapor in the lower stratosphere/upper
troposphere are too sparse to characterize global trends. CMDL measurements of moisture in
these regions are accurate and extremely valuable, and CMDL should be given the resources to
extend them.
We note the outstanding success of CMDL programs led by Jim Elkins in measuring and
making promptly available data on the long-term change of a variety of trace gases, which are
important both for their role in stratospheric ozone depletion and their role as greenhouse gases.
This group has not only responded to science community requirements but has also been at the
forefront of defining and initiating needed measurements. Such capability is an important
national resource that should be nurtured.
3.4 Aerosols and Radiation
Aerosols are recognized as causing a global climate forcing that is comparable in
magnitude to the forcing caused by carbon dioxide, but the aerosol forcing is more complex,
spatially inhomogeneous, and poorly measured. Aerosol properties must be measured precisely
to allow determination of their role in global climate change. Changes of aerosols are anticipated
in years and decades ahead as the United States and other countries attempt to reduce sulfur
emissions, which cause acid rain and soot (black carbon) emissions, which have adverse health
effects and contribute to global warming. Aerosols must be monitored to assess the effectiveness
of policies aimed at reducing aerosols and to permit analysis of observed climate change.
Required aerosol measurements include monitoring from satellites and surface stations
plus focused field studies. Contributions are needed from several United States agencies, but the
monitoring requirements are identified as the responsibility of NOAA and ground station
monitoring is specifically the responsibility of CMDL. CMDL has been monitoring aerosol
properties from several sites for periods from years to decades, including complementary
radiation measurements. However, resource constraints have limited the ability to maintain and
upgrade these capabilities. Aerosol measurements have been suspended at one ground station
(Sable Island), and it may seem tempting to sacrifice measurements at locations, such as Samoa
and the South Pole, with limited aerosol amounts. We suggest that aerosol information in clean
regions is important, and that enhancement of the information content of the aerosol
measurements is needed. Radiation measurements are also in need of upgrading; for example,

spectral radiation monitoring with a stable interferometer would greatly increase the information
content.
Enhancement of the aerosol and radiation activities is needed for CMDL to play its
mandated role in climate monitoring. There has been a notable loss of personnel in recent years
and an inability to upgrade or even maintain measurement capabilities. The aerosol, radiation,
and climate problem necessarily involves participants from the broad scientific community. It
may be helpful to seek the advice of this community in developing a strategic approach for
CMDL’s long-term monitoring of aerosols and radiation.
4. Nature of Workforce
CMDL must prepare for eventual turnover in its scientific and technical staff by engaging
highly qualified young personnel. To ensure an orderly transition with staff who are familiar
with the mission and responsibilities of present CMDL staff, the laboratory must seek out and
hire new employees who will transition and carry forward the lab’s research and monitoring
activities. A strategy for hiring early career scientists and engineers should be developed
immediately as part of the overall CMDL strategic planning process. It is likely that a mix of
federal and CIRES hires will be required. New staff should include undergraduate and graduate
students.
CMDL is conveniently located near several university campuses, a consortium of
national universities, and a distributed center for atmospheric research. This gives CMDL direct
access to the university research community and graduate students of that enterprise. By
engaging this community of students, CMDL will benefit from a highly intellectually and
physically leveraged workforce, while the students will gain experience in CMDL/NOAA related
research, ensuring a pool of next generation scientists for the laboratory and agency.
Postdoctoral fellows, and early career scientists and engineers with several years
experience beyond the Ph.D. degree also should be engaged. Post Doctoral staff will produce
peer-reviewed publications at an ambitious rate and mentor graduate students assigned to work
on CMDL projects as well. Support for the Post Docs must be provided by the parent agency
NOAA via its Research line office. The support for the Post Docs must be provided separately
from the existing CMDL operational lines and must be protected from budget cutbacks.
There are significant morale issues among some staff. This is not unexpected due to the
prolonged period of increased responsibilities and declining funding. It is important for CMDL
to pay close attention to staff mentoring and career development opportunities for both federal
and contract employees. CMDL should work closely with the Director of CIRES on a program
that reduces the perception of some employees that CIRES contract personnel are receiving
“second class” treatment.

5. Data Management
The Carbon Group data staff have done an excellent job in designing their data
presentation. They have made large volumes of data easily accessible to numerous and diverse
users, and their method of presentation and tools provided greatly increase the utility. The
timeliness is extraordinary; data less than one month old, nearly real-time for science class data,
is provided.
The Carbon Group is faced with a significant challenge. They anticipate a large increase
in the amount of data if their research initiative is funded. They also recognize that the
worldwide interest in their data will attract many users to their website. These users are expected
to span a range from interested citizens to amateur scientists to professional researchers. The
number of expected web “hits” is a challenge, as is the need to present the data in a “user
friendly” manner. Of equal importance is the age-old challenge of data -- raw data may not be
correct, but the time required to ensure the quality of the data can make the formal posting of that
data delayed by months to years, decreasing the opportunity to couple data with on-going
observations of other phenomena.
The Group has made very admirable plans to meet all these objectives. For example,
they have simplified the data search procedure, including a point and click map that will bring up
a list of available data sets. Users can see the data in its rawest form, or they can request
specialized displays. Multiple measurements can be presented on the same graph or multiple
graphs can be presented on the same page. The unvalidated data are also displayed, but with a
colored background so that they are clearly highlighted as unvalidated.
However, the Review Team makes two suggestions relative to data management at
CMDL. First, should the expected funding become available and this data archive/retrieval
system be brought on line and it proves to be a successful way of presenting data, there would be
significant benefit to the other CMDL research groups to either copy the format (with obvious
modification to fit their data) or to have their data sets included in this tool. This would provide
the common look and feel that helps web users navigate and would ease the task of the outside
researcher trying to locate different data sets for comparison. An example of this would be a
researcher wanting to consider relationships among trace carbon gasses, halocarbons, aerosols,
and surface ozone to evaluate related climate forcing functions. These data sets are produced by
multiple CMDL research groups. We recommend that provisions for sufficient address and
storage space be included in the design for future growth to include other appropriate data sets.
Second, NOAA has been tasked with maintaining data archives. NESDIS via NCDC has
been assigned the responsibility of developing an archive to hold satellite data and all the in situ
records from large data sources such as NEXRAD. There may be benefit in integrating the
CMDL data into this larger set, so that researchers could easily find the “weather” data relating
to anomalies in the CMDL data. Even if the sets are not integrated, consideration should be
given to providing linkages to direct web users to the other archive web page. It is recommended
that the CMDL data archive designers discuss the architecture and plans of the NESDIS CLASS
(Comprehensive Large Array Storage System) development with that design team to gain lessons
learned and help ensure that the data sets are compatible with each other.

6. Recommendations
CMDL, through its present monitoring system, has done an outstanding job in providing
for a better understanding of (1) the forcing functions of climate change, (2) the causes of
depletion of the ozone layer, and (3) the factors affecting baseline air quality. Many of these
monitoring systems have evolved from situations of opportunity and through the development of
measurements for specific problems. As stated above, these have been of great value to
scientists and others concerned with long-term climate change, ozone depletion, and air quality.
In fact, the data have become essential to developing national policy on environmental issues in a
global community. The need for these data will only increase dramatically in the future.
In spite of improvements in funding, which included an adjustment to base of $500K in
FY2002 and funding of a new Baseline Observatory Initiative ($2M in FY2001, $2.5M in
FY2002), CMDL's ability to maintain continuity of measurements remains seriously hampered
by the earlier long-term budgetary decline. Personnel have left and positions have not been
filled. Instrumental development, acquisition, and operational activities have been curtailed or
eliminated. Consequently, CMDL is handicapped in its ability to evaluate and implement that
atmospheric monitoring deemed to be essential. Because many of the existing monitored
parameters are interdependent, a new monitoring observation network may need to be designed
that will integrate the observations on appropriate spatial and temporal scales. New instruments
will be needed for such a network, and automation should be employed wherever possible to
reduce manpower requirements - particularly in remote areas. CMDL is aware of these issues
but requires the resources to deal with them.
CMDL has interacted proactively with the scientific community in designing its
observational network, but it could do more in that regard – especially with scientists developing
models for climate change, ozone depletion, etc. This increased interaction would be useful in
identifying what other scientists require and, in addition, it would also acquaint others more fully
with CMDL's existing monitoring programs. This could result in a stronger alliance and
increased collaborations with and increased support from the scientific community.
Following are the overall recommendations of the review team to NOAA Research:

Recommendations
Recommendation 1: Maintain the Core National Asset
CMDL’s baseline measurement record represents a national treasure and is among the best
organized, systematic, global collection of climate forcing data in the world. This data collection
effort must be continued to ensure the long-term record and to provide data to recognize trends
and to inform policy decisions. The collection system is at risk due to lack of personnel and
aging equipment, all driven by lack of sufficient resources.
The Committee recommends that NOAA provide funding to replace outdated/obsolete/high
maintenance equipment and ensure that the CMDL baseline monitoring is maintained at a
level at least equal to that required by inflation.
Recommendation 2: Human Resources—An Urgent CMDL Need
A balanced, active recruitment of undergraduate and graduate students, post-doctoral fellows,
and early career scientists and engineers will be crucial to the continued leadership and
excellence of the CMDL program.
The committee recommends that the CMDL program develop an aggressive effort to
enhance its human resources.
Recommendation 3: Begin Planning the Next Scientific Initiative
The committee recommends that CMDL develop new cross-cutting research initiatives to
follow on the success of the carbon cycle initiative.
A prime candidate would be to focus on methane. Methane is an important greenhouse gas, a
precursor for tropospheric ozone, and a possible source of increased stratospheric water vapor.
The Laboratory is already making many of the necessary measurements and is thus ideally
positioned to lead the scientific community. The effort would also help to further unify the
separate elements within CMDL.
Recommendation 4: Resources
It goes almost without saying that CMDL cannot execute its mission in the absence of adequate
resources. A corollary to the need for appropriate resources is the need for timely resources.
NOAA should develop mechanisms to streamline the process by which peer review of proposals
from CMDL proceed.
The Committee recommends that adequate resources be provided to maintain and renew
the core capability to continuously monitor over the long-term key atmospheric
constituents relevant to climate change, ozone, and baseline air quality.
The Committee recommends that additional resources be provided to establish new
initiatives as recommended above, and to train the next generation of scientific leadership
in these fields.

