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PREFACE

The purpose of this plan is to identify general directions and potential opportunities for climate research
and development at the National Oceanic and Atmospheric Administration (NOAA) Air Resources
Laboratory (ARL). ARL’s climate team met with a variety of stakeholders to discuss current and future
climate research needs and then considered these needs and the Lab’s capabilities. From a broad range
of possibilities, the team identified the topic areas in which ARL could make the greatest contributions
consistent with resource constraints. ARL will be pursuing work in the described areas and developing
more detailed plans as appropriate.

The intended audiences for this plan include current and future ARL staff; NOAA line office, program,
and goal staff; and current and future collaborators. It is hoped that this plan will help those groups
better understand the themes and directions of ARL’s climate research activities, leading to better
recognition of ARL’s activities, better integration with and support of NOAA’s mission, and enhanced
collaborations. ARL expects the ideas presented in this plan to evolve as climate issues and needs and
NOAA'’s plans for a National Climate Service evolve.

ARL appreciates the valuable input the following people provided during the development of this plan:

Dr. Krisa Arzayus , National Oceanic and Atmospheric Administration, Climate Program Office

Rona Birnbaum, U.S. Environmental Protection Agency, Office of Atmospheric Programs

Dr. Antonio Busalacchi, University of Maryland, Department of Atmospheric and Ocean Science and
Earth System Science Interdisciplinary Center

Neil Christerson, National Oceanic and Atmospheric Administration, Climate Goal

Howard Diamond, National Oceanic and Atmospheric Administration, National Climatic Data Center

Alan Cohn, U.S. Environmental Protection Agency, Office of Atmospheric Programs

Dr. Wayne Higgins, National Oceanic and Atmospheric Administration, Climate Prediction Center

Dr. Carey Jang, U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards

Dr. Thomas Karl, National Oceanic and Atmospheric Administration, National Climatic Data Center

Craig Long, National Oceanic and Atmospheric Administration, Climate Prediction Center

Dr. Alexander MacDonald, National Oceanic and Atmospheric Administration, Office of Oceanic and
Atmospheric Research

Dr. Chris Miller, National Oceanic and Atmospheric Administration, Climate Program Office

William Murray, National Oceanic and Atmospheric Administration, Climate Program Office

Sharon Phillips, U.S. Environmental Protection Agency, Office of Air Quality Planning and Standards

Dr. Richard Rosen, National Oceanic and Atmospheric Administration, Climate Program Office

Jason Samenow, U.S. Environmental Protection Agency, Office of Atmospheric Programs



EXECUTIVE SUMMARY

Climate change will likely be the most serious and far-reaching environmental challenge of the 21st
century. The National Oceanic and Atmospheric Administration’s (NOAA) climate program, in
collaboration with other agencies, provides the scientific underpinning of the Nation’s climate policies
and plans. NOAA’s goal is to “understand climate variability and change to enhance society’s ability to
plan and respond.” In achieving that goal, NOAA provides the observations, analyses, research, data
and information products, projections and decision support required by climate policy-makers and
planners. Many NOAA components support that goal in various ways. NOAA’s Air Resources Laboratory
(ARL), working with other NOAA labs and centers and with external partners, provides unique and
important contributions that complement and support multiple NOAA and national activities and that
help satisfy many of NOAA’s climate mission requirements.

ARL has a long history of climate research with significant accomplishments spanning more than 40
years. The Lab’s future contribution to the overall NOAA research effort has two primary foci: (1)
Observing Climate Variability and Change and (2) Assessment of Regional Climate Impacts. Both
research activities result in data and information products that support other components of the NOAA
Climate Goal. These activities are well aligned with NOAA'’s and the Nation’s needs for climate
information and services and with ARL’s resources and historic strengths. ARL conducts all of these
activities in close cooperation with a number of government and academic partners.

ARL’s capabilities and plans for Observing Climate Variability and Change fall into two program areas:
Reference Observations, focused on the design, establishment, operation, maintenance and analysis of
in situ atmospheric climate reference observations in the U.S. and internationally, and Climate
Variability and Change Analysis, aimed at documenting and understanding diurnal to multi-decadal
climate variations and at detecting long-term climate changes in the context of both shorter-term
variability and observational uncertainty. Both activities support the development of data sets and
insights required to understand the climate system and to evaluate other observing (e.g., satellites) and
modeling systems.

Work on reference observations is primarily organized around several networks. ARL plays a key role in
the U.S. Climate Reference Network and U.S. Historical Climatology Network Modernization project,
both of which will provide long-term observations of key climate parameters at the Earth’s surface. ARL
and its partners have also developed the Surface Energy Budget Network, which provides a detailed
examination of the land-surface and related radiative processes that can drive regional climate. In
addition, ARL has provided leadership for the development of the Global Climate Observing System
Reference Upper-Air Network, which will ensure that future climate scientists will be able to identify
upper-air climate change signals in observational data more confidently than is now possible. ARL’s
activities in these and related networks are expected to expand in the future.

The prime objective in Climate Variability and Change Analysis is to advance understanding of climate
variability and change by continuing to document and analyze diurnal to multi-decadal variations in the
global climate system, with emphasis on analysis of upper-air observational data and data quality issues.
ARL has more than three decades of experience in analysis of observed climate variability and change
and has made significant contributions to understanding past atmospheric changes at the surface and in
the upper-air. In the future, ARL will extend its work in this area to further investigate long-term



changes in clouds, particularly as they may relate to climate feedback mechanisms and to air quality
changes, and possible changes in aspects of atmospheric circulation, including jet streams and storm
tracks. The program will also involve study of the relationships between circulation changes,
temperature changes in the troposphere and stratosphere, and tropopause region changes.

ARL’s capabilities and plans for Regional Climate Impacts involves development and evaluation of
modeling tools for simulating climate and related processes on regional scales for application to climate
problems involving air quality, water resources, ecosystems, and extreme events. This work falls into
two program areas: (1) Climate Modeling at the Weather-Resolving Scale, which links global scale
climate to regional-scale mesoscale conditions, (2) Assessment of Regional Climate and Air Quality
Interactions, which is focused on the potential impacts of regional-scale climate variability and trends
and of climate and air quality mitigation measures on future air quality conditions.

The prime objective of the Climate Modeling at the Weather-Resolving Scale activity is to provide
regional climate tools and projections to support well informed decision making on climate policies and
plans. ARL’s role currently in this area is coordination and support of external development of the
Climate extension of the Weather Research and Forecast model. The model has been applied or is being
considered for studying multiple issues, such as water availability. In the future, availability and
development of the modeling system and ARL’s technical activities will be enhanced.

The prime objective of Assessment of Regional Climate and Air Quality Interactions is to develop
modeling tools and information for climate and air quality decision-makers on the interactions of
climate and air quality and mitigation measures for each. Those issues have mutual interactions. For
instance, aerosols are a key issue for both air quality and climate. Decision-makers need to understand
such interactions to find approaches that achieve both air quality and climate benefits. After a recent
reorganization, ARL is working towards rebuilding its capabilities to provide models and related
information to address such issues.



STATEMENT OF NEED

Climate change will likely be the most serious and far-reaching environmental challenge of the 21st
century. The Intergovernmental Panel on Climate Change’s (IPCC) Fourth Assessment Report (AR4)
concluded that “warming of the climate system is unequivocal” and that “observational evidence from
all continents and most oceans shows that many natural systems are being affected by regional climate
changes.” While these strong statements underscore the scientific consensus that climate change is
real, there remains much to learn about the details of past and projected future change.

Weather and climate influence every sector of society. Weather and climate sensitive industries, both
directly and indirectly, account for about one-third of the Nation’s GDP'. Changes in the climate can
influence economic prosperity, human? and environmental® health, and national security®. The annual
variation in U.S. economic activity attributable to weather variability exceeds $260 billion®. AR4 stated
that “Altered frequencies and intensities of extreme weather, together with sea level rise, are expected
to have mostly adverse effects on natural and human systems.” Citizens, communities, businesses,
governments at all levels, and international organizations are demanding climate information and
products to cope with climate variability and to adapt to and mitigate climate change.

The National Oceanic and Atmospheric Administration’s (NOAA) climate program, in collaboration with
other agencies, provides the scientific underpinning of the Nation’s climate policies and plans. NOAA’s
goal is to “understand climate variability and change to enhance society’s ability to plan and respond.”
In achieving that goal, NOAA provides the observations, analyses, research, data and information
products, projections, and decision support required by climate policy-makers and planners. Many
NOAA components support that goal in various ways. As described below, NOAA’s Air Resources
Laboratory (ARL), working with other NOAA labs and centers and with external partners, provides
unique and important contributions that complement and support NOAA’s and the Nation’s activities.

Dutton, John A., Opportunities and priorities in a new era for weather and climate services, Bulletin of the
American Meteorological Society, September 2002, volume 83, no. 9, pp 1303-1311.
> World Health Organization, Climate change and human health - risks and responses. Summary. 2003, 37 pages,
ISBN 92 4 159081 5. http://www.who.int/globalchange/publications/cchhsummary/en/
3 CCSP, 2008: The effects of climate change on agriculture, land resources, water resources, and biodiversity. A
Report by the U.S. Climate Change Science Program and the Subcommittee on Global Change Research. P.
Backlund, A. Janetos, D. Schimel, J. Hatfield, K. Boote, P. Fay, L. Hahn, C. Izaurralde, B.A. Kimball, T. Mader, J.
Morgan, D. Ort, W. Polley, A. Thomson, D. Wolfe, M. Ryan, S. Archer, R. Birdsey, C. Dahm, L. Heath, J. Hicke, D.
Hollinger, T. Huxman, G. Okin, R. Oren, J. Randerson, W. Schlesinger, D. Lettenmaier, D. Major, L. Poff, S. Running,
L. Hansen, D. Inouye, B.P. Kelly, L Meyerson, B. Peterson, R. Shaw. U.S. Environmental Protection Agency,
Washington, DC., USA, 362 pp . http://www.climatescience.gov/Library/sap/sap4-3/final-report/default.htm
* National Intelligence Assessment on the National Security Implications of Global Climate Change to 2030, House
Permanent Select Committee on Intelligence House Select Committee on Energy Independence and Global
Warming, 25 June 2008, Statement for the Record of Dr. Thomas Fingar.
http://www.dni.gov/testimonies/20080625 testimony.pdf
> Harrod, Megan, Peter H. Larsen, Jeffrey K. Lazo, and Donald M. Waldman. 2007. “Sensitivity of the U.S. Economy
to Weather Variability” NCAR Societal Impacts Program, Boulder, Colorado, working paper.
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AIR RESOURCES LABORATORY GOALS

ARL has a long history of climate research with significant accomplishments spanning more than 40
years (see Appendices A and B for selected publications and milestones). The Lab’s future contribution
to the overall NOAA research effort has two primary foci: (1) Observing Climate Variability and Change
and (2) Assessment of Regional Climate Impacts. These research activities produce data, information
products, and tools that support other components of the NOAA Climate Goal. Both ARL programs have
a foundation in expertise and capabilities in atmospheric modeling, observations, and analyses
developed over the laboratory’s 60-year history. Observing climate variability and change has two
components, one addressing climate observations per se and developing reference observing systems to
meet climate requirements, and a second analyzing long-term observational datasets to understand
climate variability and change on diurnal to multi-decadal time scales. Assessment of regional climate
impacts involves development and evaluation of modeling tools for simulating climate processes on
regional scales for application to climate problems involving air quality, water resources, ecosystems,
and extreme events.

By working closely with partners throughout NOAA and by collaborating with U.S. and international
colleagues in other agencies, academia, and the private sector, the ARL climate research program has
leveraged a relatively small effort to yield significant results with broad impact. Within NOAA’s overall
climate research capabilities, ARL’s strengths include collection and analysis of in situ climate
observations, and regional modeling of atmospheric constituents and near-surface characteristics. Plans
for the future involve building on this experience to more fully support the emerging NOAA National
Climate Service.

Outreach and education are an integral part of climate research and development at ARL, where we
believe that the results of publicly-supported scientific research are only of value to the extent that they
have been understood by others and integrated into their thinking, planning, and decision-making. A
first step in this communication process involves connecting with the scientific community through
publication of research results in peer-reviewed journals and participation in scientific conferences,
seminars and workshops. Communication with decision-makers and stakeholders in government and
the private sector is a coordinated activity, often focused on scientific assessments that integrate results
from many research teams. Opportunities for outreach to the general public, and in particular with
students, are numerous, varied, and challenging, but ultimately very fulfilling and critically important.
By reaching out to non-scientific audiences and to young people, ARL helps NOAA realize its overarching
vision: An informed society that uses a comprehensive understanding of the role of the oceans, coasts,
and atmosphere in the global ecosystem to make the best social and economic decisions.

Rationale for Selecting Those Goals
ARL selected the above goals based on the following factors:

e They each address important unmet societal needs for information about climate trends,
variability, and projections.

o They support NOAA’s goals and mission requirements and complement climate research and
development performed at NOAA, other agencies, and academic institutions.



e They are aligned with ARL’s lab-wide focus and expertise on in situ observing systems, regional
and local modeling, and the two-way interactions between the atmosphere and the land
surface, including society and ecosystems.

e They are consistent with reasonable assumptions about resources. There are many other areas
where ARL could make key contributions given additional resources. The Lab’s climate planning
team felt that spreading ARL’s limited staff too thinly would harm the success of the research.

e They are logically related. For instance, knowledge about reference observing system
characteristics is necessary to identify discontinuities and other issues with the climate record
that complicate analysis of climate variability and change. Those observing systems are also key
sources of measurements used to compute trends and variability. Further, research on climate
variability and trends can provide insights on requirements for new observing systems.
Deploying research networks to study surface energy budgets provides the expertise required to
design instrument suites for “operational” climate networks, which can then provide additional
opportunities for conducting research. In addition, reference observations and analyses of
climate trends and variability are essential for the development and evaluation of regional
impact models. Finally, work on climate-air quality interactions complements ARL’s ongoing
research and development on models for air quality forecasting.

Connections with NOAA’s Requirements and Goals

ARL’s goals directly support multiple NOAA mission requirements and goals as expressed in NOAA’s
program charters and strategic and research goals. These connections are summarized in Appendix C.



BENEFITS

ARL’s climate research and development provides essential observations and analyses for monitoring
climate variability and change and understanding why they are occurring. National and international
climate scientists and decision-makers use this information to understand climate trends and the need
for mitigating and adapting to climate change. ARL’s research has contributed to a number of climate
change assessments, including the work of the Intergovernmental Panel on Climate Change and the U.S
Climate Change Science Program.

ARL has also contributed to models that can be used to project weather patterns that would be
associated with climate change. For instance, models may show how water availability, air quality, and
severe weather would be affected by climate change, information that regional managers need to make
informed decisions.



CAPABILITIES AND PLANS

Observing Climate Variability and Change

ARL’s capabilities and plans for Observing Climate Variability and Change fall into two program areas:
Reference Observations, focused on the design, establishment, operation, maintenance and analysis of
in situ atmospheric climate reference observations in the U.S. and internationally, and Climate
Variability and Change Analysis, aimed at documenting and understanding diurnal to multi-decadal
climate variations and at analyzing long-term climate changes in the context of both shorter-term
variability and observational uncertainty.

Reference Observations

Until recently, data for analysis of climate change were essentially compilations of archived weather
observations, sometimes with additional quality control applied, but without the long-term quality and
continuity essential for unambiguous identification of climate trends. Changes in instruments, observing
methods, station locations, and data processing methods all introduce time-varying biases that could be
mistaken for, or mask, real climate changes. Now it is recognized that reference observing networks,
dedicated to meeting climate needs, are needed both to monitor climate change in situ and to calibrate
measurements from other observing systems (particularly satellites) to make them more suitable for
climate work. Providing a consistent reference network across the U.S. will likely be a core component
of a National Climate Service and contribute to a fully global climate observing system.

Objectives

The prime objective of this activity is to support the design and implementation of some key
components of the Global Earth Observation System of Systems (GEOSS) and Global Climate Observing
System (GCOS), under the auspices of the United Nations Framework Convention on Climate Change.
ARL’s specific contributions are founded on demonstrated expertise and experience. They aim to
ensure that reference-quality in situ observations are available for climate monitoring and research and
to provide calibration for spatially more complete satellite and in situ observations. Four networks are
the focus of the ARL reference observations program.

Current Capabilities and Key Accomplishments

ARL has a proven track record in providing instrument development, testing, and deployment for the US
Climate Reference Network; operating a Surface Energy Budget Network for climate and
micrometeorological studies; and providing leadership for the establishment of the US Historical Climate
Network—Modernization and the GCOS (Global Climate Observing System) Reference Upper-Air
Network.

U.S. Climate Reference Network

NOAA has established the US Climate Reference Network (USCRN) to provide climate quality benchmark
observations for air temperature and precipitation that fulfill the national commitments to monitor the
U.S. climate for the next 50-100 years. What sets this climate monitoring network apart from others is



the careful attention to site selection, triple sensor redundancy (for air temperature and precipitation),
calibrations to National Institute of Standards and Technology standards, careful documentation and
archiving of site metadata, and a strong coupling to the science and research components of the
program. ARL partners with the National Climatic Data Center (NCDC) on this project. ARL has provided
leadership on sensor measurements and calibration, data acquisition, data communications, and
analysis and testing of emerging sensor technology for future climate applications and services. ARL also
maintains the network, which achieves a data availability rate in excess of 99%. In 2008, ARL completed
CRN deployment in the continental U.S., started adding soil moisture/temperature sensors to those
sites, began installation of additional stations in Alaska, and developed plans for installation of similar
equipment at some international sites.

US Historical Climatology Network-Modernization

The Historical Climatology Network Modernization (HCN-M) project was initiated in response to the
need for the most accurate, unbiased, modern climate record for detecting climate change in various
U.S. regions over the next 50 —100 years. The HCN, a sub-network of 1221 Cooperative Observer
Network (COOP), are maintained by the NOAA’s National Weather Service, and the HCN data set is
maintained by NCDC. Approximately 1000 of the HCN stations will be modernized using similar
technology and calibration standards from the U.S. CRN program. In the first phase, the technology
teams from ARL will be utilized to complete the initial 150 pilot deployments in the Southwestern U.S.
ARL’s partners in this are NCDC and the National Weather Service. This activity builds on the initial 17
HCN-M prototype sites which ARL installed in Alabama from 2005-2008 in partnership with NCDC.

Surface Energy Budget Network (SEBN)

ARL is partnering with NOAA'’s Earth System Research Laboratory Global Modeling Division’s
(ESRL/GMD) to provide a detailed examination of the land-surface and related radiative processes that
can drive regional climate. The Surface Energy Budget Network (SEBN) combines prior separate efforts
for the Global Energy and Water Cycle Experiment (GEWEX) and the Surface Radiation (SURFRAD)
network to holistically measure the response of terrestrial ecosystems to climate forcing at the earth’s
surface. This is quantified by measuring not only the sensible heat flux and evapotranspiration, but also
the magnitude of CO, uptake by the land surface. Understanding the land-surface feedbacks as climate
changes will be the critical underpinning of parameterizations in climate models. A network of seven
high-quality SEBN climate stations fully characterizing the components of the surface energy balance
(radiation, sensible, latent and ground heat fluxes) is currently deployed within representative
ecosystems in the U.S. to improve our understanding of both radiative and non-radiative forcing of
climate.

GCOS Reference Upper-Air Network (GRUAN)

ARL’s involvement in the GCOS Reference Upper-Air Network (GRUAN) is closely linked to ARL Climate
Variability and Change Analysis research and is motivated by a desire to ensure that future climate
scientists will be able to more confidently identify upper-air climate change signals in observational data
than is now possible. Having identified significant deficiencies in operational radiosonde data vis a vis
climate needs, ARL has articulated the scientific need for the network, performed analyses of
observational requirements, and provided international leadership in the initiation of the GRUAN.



In 2004, ARL developed a whitepaper articulating the need for better upper air observations for support
of climate research and monitoring and has continued to be a driving force behind the GRUAN. Now
GRUAN is a reality with a Lead Center in place and network operations slated to begin in 2009. Through
the international Working Group for Atmospheric Reference Observations, ARL continues to provide
leadership for this network.

Products

Data from the existing reference observations systems are publicly available. These data support the
analysis of climate variability and trends. Observations from SEBN support development of improved
understanding about the physical processes the influence climate. These observations are also used by
modelers to evaluate land surface and other parameterizations.

CRN observations are available from

http://www.ncdc.noaa.gov/oa/climate/uscrn/index.html

High quality climate data and products for all sites in near-real time for the following SEBN components
can be found at the following locations:

http://www.srrb.noaa.gov/surfrad/ (NOAA SURFRAD)
http://www.atdd.noaa.gov/gewex.htm (NOAA flux sites)

Partners
ARL’s partners in these activities include the following:

e NOAA National Climatic Data Center is a partner on USCRN and HCN-M projects and archives
USCRN, HCN-M, and SEBN data and metadata.

e NOAA Regional Climate Centers provide site surveys and contact information for existing and
potential climate stations for HCN-M and USCRN.

e NOAA Climate Program Office supports ARL’s research activities and the development of plans
for climate activities.

e NOAA Earth System Research Laboratory Global Monitoring Division is a partner in SEBN and
provides calibration activities for other radiation observations.

e State climatologists assist in selecting and maintaining sites for USCRN and HCN-M.

Plans for Future Work

Over the next few years, ARL's USCRN activities will be focused on deployment strategies for climate
stations in Alaska, where the signatures of climate change are believed to be appearing more quickly
than in other regions. Also, the existing USCRN network is also being leveraged to provide soil moisture
and soil temperature data and relative humidity as a contribution to the National Integrated Drought
Information System (NIDIS).
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GRUAN is an international effort, with US agencies (NOAA and the Department of Energy) and academic
institutions contributing in such areas as site support and operation; reference radiosonde development
and testing; data management, quality assurance and distribution; and international support for both
the Working Group and work in developing nations. Potential future ARL activities in support of GRUAN
include:

e Network design and observing system simulation studies to refine the planned GRUAN network and
observation schedule.

e Analyses of GRUAN data for signals of climate variations.

e Testing and development of reference radiosondes and component sensors.

With more than half the world's population now living in urban areas, urban climate footprints and
impacts could spread well beyond the immediate vicinity of cities, affecting local to global scale
atmospheric composition, surface energy budgets, water and carbon cycle processes, and local
ecosystems. Although most climate monitoring networks avoid urban areas because of the potential
impact on the climate signature, the extent of the urban impact can only be determined if similar
reference systems are located in urban areas. As the percentage of people living in urban areas
continues to increase, the need arises for climate quality reference observations in these areas. As part
of a pilot study, ARL will acquire some preliminary reference observations of air temperature and
precipitation using similar components as those in the USCRN and HCN-M programs. These observations
will support analysis of requirements for future urban climate observations.

Potential Extensions

With additional resources, an expansion of SEBN has the potential to provide an unprecedented level of
detailed information about physical and chemical process that influence climate through the selection of
sites based not only on various climate regimes, but on local land use and vegetation dynamics that
result in regionally representative surface temperatures, surface albedo, and energy partitioning of
sensible, latent and ground heat fluxes. The scientific rationale and the number and placement of SEBN
sites are described in NOAA Technical Memorandum OAR GMD-17.

Climate Variability and Change Analysis

Projecting future climate changes depends on two things. One is an understanding of the nature and
causes of past climate variability and change, and the second is climate models that can accurately
simulate the past and therefore be trusted to make credible future projections. Analysis of climate
variability and change, and comparison of observed changes with model simulations, deepens
understanding of the climate system and improves our ability to model its evolution.

Robust climate change analysis and attribution requires quantitative estimates of climate trends and
their uncertainty. A major source of trend uncertainty is problematic data, particularly for upper-air
observations, making analysis of data quality a necessary aspect of climate trend estimation. Such long-
term changes in climate, in both the past and future, must be understood within the context of climate
variability, so analysis of a wide range of time scales is critical, as is analysis of a suite of different climate
variables and indicators.



Objectives

The prime ARL objective in Climate Variability and Change Analysis is to advance understanding of
climate variability and change by continuing to document and analyze diurnal to multi-decadal
variations in the global climate system, with emphasis on analysis of upper-air observational data and
data quality issues. Over the next few years, the laboratory will maintain and further develop
capabilities for analysis of upper air observations, focusing on data homogeneity adjustments, changes
in temperature profiles, planetary boundary layer characteristics, tropopause region characteristics,
atmospheric responses to forcings (e.g., volcanoes), and intercomparisons of various in situ and satellite
upper-air data sets.

Current Capabilities and Key Accomplishments

ARL has more than three decades of experience in analysis of observed climate variability and change
and has made significant contributions to understanding past atmospheric changes at the surface and in
the upper-air. As highlighted in the appended timeline of key accomplishments, the group has built on
the pioneering efforts of Jim Angell to develop a program of careful monitoring of surface and upper-air
atmospheric variability, mainly focused on in situ observations, and analysis of a variety of climate
signals. ARL expertise in temperature, humidity and ozone observations has contributed to
understanding of such issues as

0 the role of data uncertainty in climate trend analysis;

0 solar, volcanic, El Niflo, and quasi-biennial signals in temperature and ozone; and,

0 detection of significant trends in such climate parameters as surface and upper-air
temperature, tropospheric water vapor, heat stress and heat waves, sunshine duration,
cloudiness, tropopause height, and the width of the tropical belt.

These studies are published in top journals and have earned NOAA, Department of Commerce and
World Meteorological Organization prizes. ARL scientists have contributed to the work of the
Intergovernmental Panel on Climate Change, from the start of that effort in the early 1990s through to
the most recent 2007 assessment, as well as other national and international scientific assessments of
climate and stratospheric ozone.

Products

The primary product of this research is improved understanding of climate variability and change. This is
communicated to the scientific community and general public via journal publications, presentations at
conferences and in seminars, and through informal professional mechanisms and outreach to the
general public, including schools. To a large extent, this improved understanding is enhanced,
consolidated, and given broad perspective when included in scientific assessments of climate change,
and ARL intends to contribute to such efforts whenever appropriate. Research-quality climate datasets
are important additional products of this activity, and ARL makes strong efforts to make such datasets
widely available to both the scientific community and the public at large.

Partners

ARL’s Climate Variability and Change Analysis activity is small and depends on close collaboration with
colleagues from around the climate science community, particularly climate change detection and
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attribution researchers, to leverage the ARL effort. ARL partners with scientists from other parts of
NOAA, other agencies, universities and international institutions in the development of combined in
situ/satellite data products, model evaluation studies, and impact studies. Our NOAA partners include
the Geophysical Fluid Dynamics Laboratory (GFDL), ESRL and NWS/National Centers for Environmental
Prediction (NCEP) (on collaborative climate research projects), NCDC (on climate dataset development,
analysis, operationalization, and dissemination), and NOAA’s Climate Program Office, and we expect to
participate in NOAA Climate Service activities.

Plans for Future Work

Over the five year time frame, ARL plans to extend its Climate Variability and Change Analysis research
programs to further investigate long-term changes in clouds, particularly as they may relate to climate
feedback mechanisms and to air quality changes, and possible changes in aspects of atmospheric
circulation, including jet streams and storm tracks. The program will also involve study of the
relationships between circulation changes, temperature changes in the troposphere and stratosphere,
and tropopause region changes.

Potential Extensions

Current ARL Climate Variability and Change Analysis work is resource-constrained, particularly with
regard to staffing. Additional resources would allow for a significant acceleration of the pace of ongoing
work, so that the resulting climate information would be available in a more timely manner. The scope
of current projects could be expanded to included areas that cannot currently be addressed. In
particular, the program would expand the range of observational data sources examined to include
more satellite datasets, including Global Navigational Satellite System Radio Occultation data, and would
involve more analysis of climate model simulations, both for climate model evaluation and for climate
change attribution studies.

Assessment of Regional Climate Impacts

ARL’s capabilities and plans for Regional Climate Impacts fall into two program areas: (1) Climate
Modeling at the Weather-Resolving Scale, which links global scale climate to regional scale mesoscale
conditions, (2) Assessment of Regional Climate and Air Quality Interactions, which is focused on the
potential impacts of regional-scale climate variability and trends and of climate and air quality mitigation
measures on future air quality conditions.

Climate Modeling at the Weather-Resolving Scale

Until recently, research on the weather-climate connection, i.e., bridging the gap between weather and
climate systems, was mainly focused on historical data diagnostics. The emerging challenges of
providing information at regional and local levels necessary for deciding how to adapt to climate
variability and change, often involves aspects of weather. Therefore, the need to develop climate
modeling capability that can adequately resolve weather systems has become much more pressing.
NOAA recognizes the need for a move to a more seamless approach to weather and climate prediction
which operates at weather-resolving scales in the atmosphere.
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Objectives

The prime objective of this activity is to provide regional climate tools and projections to support well
informed decision making on climate policies and plans. For instance, a modeling system that could
predict changes in precipitation or storm patterns as a result of climate change would provide valuable
information for planners.

Current Capabilities and Key Accomplishments

Significant advances in simulating regional climate signals have been made in the development of the
Climate extension of the Weather Research and Forecast (CWRF) model. ARL has coordinated and
supported development and evaluation of this modeling system, with most of the technical work
performed by external partners. Development of the CWRF will provide improved regional modeling
capability for climate prediction/simulation, future climate change projection, assessment of climate
change impacts on air quality, and study of the weather-climate connection, with the following features:
1) realistic surface characteristics that are the most comprehensive among current climate models; 2) an
advanced land surface albedo parameterization based on satellite observations; 3) a state-of-the-art
Common Land Model with numerous recent updates; 4) an improved boundary layer model with
nonlocal effect of transport by large eddies; 5) an improved grid-scale topography and sub-grid
orographic effects; 6) an interactive mixed layer ocean model; 7) a cloud microphysics bulk
parameterization; 8) an ensemble cumulus parameterization; 9) a parameterization for cloud cover and
optical properties; 10) a comprehensive radiation transfer based on the latest solar and thermal infrared
schemes; 11) an advanced terrestrial hydrology module with a 1-D dynamic surface routing model and a
3-D volume averaged soil moisture transport model, which is a unique characteristic of the CWRF, the
most comprehensive among the existing global and regional climate models, for improved modeling of
the conjunctive surface and subsurface flow and runoff and stream-flow geographic distributions.

ARL’s expertise in Observing Climate Variability and Change will support this modeling work. SEBN will
provide a unique data set for evaluating and improving the quality of the model—based on
retrospective simulations. Also, insights from analyses of climate variability and trends and model
evaluation capabilities will be directly applicable to ARL’s regional climate modeling work.

Products

The CWRF system will be submitted for inclusion in the WRF repository, which will increase the
availability and maintenance of the system.

Partners
ARL’s partners in these activities include the following:

o |llinois State Water Survey is the primary CWRF developer, providing upgrades and code
maintenance using NOAA computing resources. NCEP is interested in evaluating CWRF
capabilities for inclusion in its National Environmental Modeling System for various weather and
climate applications/operations.

e NOAA’s Regional Climate Centers are potentially interested in adapting CWRF capability for their
specific local/regional applications.
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Plans for Future Work

The prime objective of this activity is to provide regional climate projections to support well informed
decision making on climate policies and plans. Over the next 1-3 years, ARL and its partners will
continue to develop capabilities in applications using the CWRF system, with increased technical work
occurring at ARL. NOAA'’s Climate Program Office is providing support to include CWRF in a regional
climate model inter-comparison project, which is targeted for improvement of NOAA’s Climate Testbed
regional climate products development and information services delivery. In addition, the Joint Center
for Satellite Data Assimilation (JCSDA) will be using CWRF for regional data assimilation. Additional
partnerships will also be developed, such as with the Regional Integrated Sciences and Assessments
Program and other NOAA groups. Results from this work could provide the basis for climate assessments
and the development of regional adaptation strategies.

Potential Extensions

Additional resources would enable the acceleration of the development and application of CWRF and
would support extended applications, such as projections of extreme weather.

Assessment of Regional Climate and Air Quality Interactions

Changes in temperature, heat extremes, atmospheric concentrations and deposition of pollutants,
precipitation and water supply can impact both human and ecosystem health. Recent modeling studies
suggest that future climate trends could have a substantial impact on air quality extremes, and to a
lesser certainty deposition of pollutants. There is a societal need to better understand these
interactions between climate and air quality for environmental management. This research is directed
toward advancing our current scientific understanding of climate impacts on atmospheric pollutant
concentrations and atmospheric deposition. Using regional climate scenarios, similar to the CWRF effort
described above, air quality modeling tools are used here to investigate and explore the potential
responses of atmospheric sources, sinks, and chemistry to future climate trends. These regional scale
modeling tools and future climate scenario archives will be made available to environmental managers,
so they may account for regional interactions between future climate and air quality in their decision
making process.

Objectives

The prime objective of this activity is to develop modeling tools and information for climate and air
quality decision-makers on the interactions of climate and air quality and mitigation measures for each.
It is likely that climate change will have an impact on air quality, which is highly dependent on weather
conditions. It is also likely that air quality mitigation measures will have an impact on the climate and
that climate mitigation measures will have an impact on air quality. For instance, aerosols are a key issue
for both air quality and climate. Decision-makers need to understand such interactions to find
approaches that achieve both air quality and climate benefits.

Current Capabilities and Key Accomplishments
While ARL has conducted significant work in assessment of regional climate and air quali