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Members of Congress:

On behalf of the National Science and Technology Council, I am transmitting a copy of Our
Changing Planet: The U.S. Global Change Research Program for Fiscal Year 2011. The report describes
the activities and plans of the U.S. Global Change Research Program (USGCRP) established under
the Global Change Research Act (GCRA) of 1990. The USGCRP coordinates and integrates scientific
research on climate and global change and is supported by 13 participating departments and
agencies of the U.S. government. This Fiscal Year 2011 edition of Our Changing Planet highlights
recent advances and progress made by participating agencies and includes budget information on
each agency’s contribution.

This report describes a program in transition. In accordance with the GCRA, the USGCRP agencies
requested guidance from the National Research Council on how to best meet the changing needs of
the nation to understand climate change and respond to its impacts, and the NRC responded with
a 2009 report entitled “Restructuring Federal Climate Research to Meet the Challenges of Climate
Change”. In accord with that report’s recommendations, the USGCRP is undergoing a strategic
realignment that will ensure that the science produced is maximally useful for decision makers at
all scales.

As described in the new edition of Our Changing Planet, the program going forward will place
greater emphasis on impacts, vulnerabilities, and on understanding the options for adapting to
the changing climate. The program will also continue its long-standing support for activities that
contribute to a better understanding of the Earth system, including observations, research, and
predictive modeling. All of these focuses will be reflected in the USGCRP’s new strategic plan and
its National Climate Assessment.

The USGCRP is committed to its mission to build a knowledge base that informs human responses
to global change through coordinated and integrated federal programs of research, education,
communication, and decision support. I appreciate the close cooperation of the participating
agencies, and I look forward to working with the Congress in the continued development and
implementation of this essential national program.

Sincerely,

/ﬂ“ PAtlme

John P. Holdren
Director, Office of Science and Technology Policy
Assistant to the President for Science and Technology
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he U.S. Global Change Research Program (US-

GCRP) brings together 13 agencies into a single
interagency program.' The program is currently in a
period of transition. A strategic planning process has
begun that will restructure the program to improve
research for decisionmaking and to better meet the
needs of the Nation.

Growing out of interagency activities and planning
that began in 1988-1989, creation of the USGCRP en-
ergized cooperative interagency activities, with each
agency bringing its strength to the collaborative ef-
fort. In 1990, the USGCRP received congressional sup-
port under the Global Change Research Act (GCRA,
P.L. 101-606), which called for “a comprehensive and
integrated United States research program which will
assist the Nation and the world to understand, assess,
predict, and respond to human-induced and natural
processes of global change.”? In 2001, President Bush
established the Climate Change Research Initiative
(CCRI) to investigate uncertainties and set research
priorities in climate change science, aiming to fill
gaps in understanding within a few years.? In the fol-
lowing year, it was announced that the USGCRP and
CCRI together would become the Climate Change
Science Program (CCSP). The USGCRP label re-
mained attached to many of the program’s activities.
Now, consistent with the statutory language of the
GCRA, the whole effort continues to move forward in
the Obama Administration as the USGCRP.

In June 2009, the USGCRP released a report entitled
Global Climate Change Impacts in the United States. The
report summarized the science and impacts of climate
change in the United States, now and in the future,
and included results not available during the prepara-
tion of previous major national and global assess-
ments. The report was produced by a consortium of
experts from the 13 USGCRP participating agencies
and from several major universities and research insti-
tutes. It went through extensive reviews by the public,
“blue ribbon” experts, and U.S. federal agencies.

I See www.usgcrp.gov/
2 See www.gcrio.org/gcact1990.html
3 See www.climatescience.gov/about/ccri.htm
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The report disaggregated climate change impacts on
the United States into nine regions and seven sectors.
A central finding of the report was that the vast ma-
jority of climate scientists agree that global warming
is unequivocal and primarily human-induced. The
report also identified widespread climate-related
impacts that are occurring now in the United States
and are expected to increase:

GUIDING VISION

Anation, globally engaged
and guided by science,

meeting the challenges of
climate and global change

e (Climate change is expected to stress water
resources. Water supply and demand is already
altered and will continue to change how, when,
and where events causing more significant stress
will occur. Water resource management processes
and infrastructure must adapt to new rates and
intensities of water supply and demand events.
Dry regions are generally projected to become
drier and wet areas wetter. The intensity of both
droughts and floods will further stress systems
built on the assumption of little change.

e Crop and livestock production increasingly
will be challenged in a warmer climate. Each
plant variety has an optimal temperature for
vegetative growth, with growth dropping off as
temperatures increase or decrease. Similarly, a
plant will produce seed within a range of tem-
peratures; outside of this range, the plant will not
reproduce. For example, corn fails to reproduce
at temperatures above 35°C (95°F) and soybean
will fail to reproduce at temperatures above 39°C
(102°F).



e Risks to human health will increase. These will
include harmful health impacts related to heat
stress, waterborne diseases, poor air quality, and
diseases transmitted by insects and rodents.

¢ (limate change will interact with many other
social and environmental stresses to create larger
impacts than would any one of these stresses
alone. Heat-advisory days also generate air-qual-
ity warnings because higher air temperatures
result in greater concentrations of ground-level
ozone. In addition, energy production is likely
to be constrained by rising temperatures and
limited water supplies in many regions while
demand continues to increase.

The report concludes with the finding that the future
climate and its resulting impacts on society depend
on choices made today. Even if societies substantially
reduce their emissions of greenhouse gases, some
changes are unavoidable due to millennium-scale
processes in the atmosphere and oceans. Nonethe-
less, the choices that we make today about mitigation
will affect both the adaptation choices we voluntarily
make now when preparing for the future and the
choices we may be forced to make in the future.
Careful planning and assessment of climate change
impacts will be important for effective mitigation and
adaptation policies.

The USGCRP continues to support a variety of
research activities to gain a more detailed predictive
understanding of climate change. Also, the program
is undergoing a period of restructuring and transi-
tion to enable better response to the impacts already
identified and to reflect the changing needs of soci-
ety. Increased emphasis is being placed on bridging
the significant gaps between estimating how much
climate may change and the effects these changes
may have on society, including ecosystem services,
water and energy resources, natural resource utiliza-
tion, human health, and societal well-being. The
USGCRP is making a strong commitment to provid-
ing information that will better inform decisions
across various scales and sectors in order to reduce
vulnerabilities and improve resilience to climate
variability and change. This change represents a dra-
matic increase in the scope of the USGCRP because of
the magnitude of the effort required to address these
new aspects.
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Reports recently released by the National Acad-
emies’ National Research Council (NRC), discussed
below, provide recommendations for organizing the
research and responses needed to better understand
and address the challenges and opportunities of
climate variability and change. More specifically,
recommendations were made to restructure the
USGCRP around “...the end-to-end climate change
problem, from understanding causes and processes
to supporting actions needed to cope with the
impending societal problems of climate change.”
The USGCRP is committed to supporting a balanced
portfolio of fundamental and application-oriented
research activities, from expanded modeling efforts
to studies of coupled human-natural systems and
institutional resilience. Plans are being developed

to boost adaptation research; to bolster the capac-
ity to monitor change and its impacts; to produce
the integrated assessments of the pace, patterns,
and regional impacts of climate change that will be
needed by decisionmakers; and to make climate data
and information more easily accessible.

The USGCRP is directed by the Subcommittee for
Global Change Research (SGCR), which falls under
the National Science and Technology Council. The
SGCR comprises representatives from 13 depart-
ments and agencies and is led by a Chair from one
of the participating agencies (currently from the
Department of Commerce, National Oceanic and
Atmospheric Administration [NOAA]). In order to
align the program’s governance with the needs, Vice-
Chairs have been identified for Strategic Planning,
Integrated Observations, and Adaptation Research.
Additional vice-chairs will be identified as needed.
The program is supported by the USGCRP Integra-
tion and Coordination Office and conducts many of
its activities through interagency working groups
that plan and implement research and crosscutting
activities, such as communications, decision support,
and information and data concerns. The Office of
Science and Technology Policy (OSTP) and Office of
Management and Budget (OMB) work closely with
the SGCR, the Integration and Coordination Office,
and the interagency working groups to establish
research priorities and funding plans to ensure

that the program is aligned with national priorities,
reflects agency planning, and meets the requirements
of the GCRA. In preparation for the FY 2011 crosscut
budget, the USGCRP agencies began an interagency
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final section of this report provides an analysis of
MISSION the USGCRP budget by focus area and the agencies/
departments involved.

o build a knowledge
base that informs human
responses to climate and .
global change through
coordinated and integrated
federal programs of research,
education, communication,
and decision support

discussion that involves more coordination and
alignment of agency efforts across strategic program
elements.

The 13 departments and agencies participating in the
USGCRP are as follows:

e Department of Agriculture (USDA)

e Department of Commerce (DOC)

* Department of Defense (DOD)

¢ Department of Energy (DOE)

¢ Department of Health and Human Services
(HHS)

* Department of the Interior (DOI)

® Department of State (DOS)

® Department of Transportation (DOT)

e Agency for International Development (USAID)

¢ Environmental Protection Agency (EPA)

* National Aeronautics and Space Administration
(NASA)

e National Science Foundation (NSF)

e Smithsonian Institution (SI)

The FY 2011 budget requests $2.7 billion for USGCRP
programs—an increase of about 24% over the FY
2010 level.* This increase reflects the expanded needs

discussed above and represents a commitment by
the Obama Administration to the USGCRP. The

* See page 342, Analytical Perspectives FY 2011, www.
whitehouse.gov/sites/default/files/omb/budget/fy2011/
assets/spec.pdf
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I I ADVICE AND GUIDANCE FOR THE USGCRP

he program often has sought guidance from The authors identified six top priorities:

the NRC, as required by the GCRA, and other
external sources to provide perspective for the ® Reorganize the program around integrated
program and to ensure that key aspects of global scientific-societal issues to facilitate crosscutting
change research are not overlooked. The NRC report research focused on understanding the interac-
entitled Restructuring Federal Climate Research to Meet tions among the climate, human, and envi-
the Challenges of Climate Change®, provided high-level ronmental systems and on supporting societal
and independent advice on the program strategy and responses to climate change.
evolution. Its authors concluded that the program
helps provide the scientific foundation required e Establish a U.S. climate observing system, de-
to address the urgent needs of society in respond- fined as including physical, biological, and social
ing to climate change, but that the future program observations, to ensure that the collection of data
should be broader in scope and should strive to play needed to address climate change is initiated or
a key role in informing decisionmaking. This would continued.
require transforming how climate change research is
organized at the Federal level and incorporated into e Develop the science base and infrastructure to
public policy. support a new generation of coupled Earth sys-

tem models to improve attribution and prediction
of high-impact regional weather and climate, to
initialize seasonal to decadal climate forecasting,

% NRC, 2009: Restructuring Federal Climate Research to Meet and to provide predictions of impacts affecting
the Challenges of Climate Change, National Academies Press,
Washington, D.C., 254 pp.




adaptive capacities and vulnerabilities of envi-
ronmental and human systems.

e Strengthen research on adaptation, mitigation,
and vulnerability.

* Initiate a national assessment process with
broad stakeholder participation to determine
the risks and costs of climate change impacts
on the United States and to evaluate options for
responding.

e Coordinate Federal efforts to provide climate ser-
vices (scientific information, tools, and forecasts)
routinely to decisionmakers.

In addition to the “Restructuring” report, the US-
GCRP recognizes the value of the recent suite of
congressionally requested NRC reports known as
America’s Climate Choices. Four reports that make
up America’s Climate Choices are:

*  Advancing the Science of Climate Change, which
concludes that “the nation needs a flexible,
comprehensive, and integrative climate change
science enterprise, one that not only contributes
to our fundamental understanding of climate
change but also informs and expands America’s
climate choices” by emphasizing research to
improve understanding of human-environment
systems; research to support effective responses
to climate change; and tools and approaches to
improve both understanding and responses.

o Limiting the Magnitude of Future Climate Change,
which concludes that “there is an urgent need for
U.S. action to reduce greenhouse gas emissions”
and gives guidance on how to do so.

*  Adapting to the Impacts of Climate Change, which
recommends the development of a national
adaptation strategy that would include better
attribution and assessment of climate change
impacts and vulnerabilities.

o Informing an Effective Response to Climate Change,
which provides guidance concerning the need for
adaptive management; systems and services to
support decisionmaking; and improvements in
communication and education on climate-related
issues.

The U.S. Global Change Research Program for Fiscal Year 2011

A fifth, overarching report is in preparation. These
reports are consistent with the previous “Restructur-
ing” report and provide a comprehensive set of guid-
ing principles that will serve to inform the USGCRP’s
strategic planning process.

In 2009, planning for a National Climate Adaptation
Summit was initiated in order to examine how the
United States could best incorporate adaptation into
the ongoing planning and implementation of climate
research and climate services. The Summit took place
in Washington, DC, on 25-27 May 2010. This event
brought together approximately 180 invited users
and providers of climate-adaptation information to
examine the needs, knowledge, and roles required for
effective adaptation to climate change, with a goal of
informing Federal, state, regional, and local climate
adaptation efforts, including the planning of the
Federal Interagency Climate Change Adaptation Task
Force and the USGCRP.*

The Summit provided an important venue for
discussing the challenges and opportunities sur-
rounding climate change adaptation, which is seen
as increasingly necessary to complement mitigation
of greenhouse gas emissions. Climate change and
climate impacts are no longer a primarily Federal
concern. Presentations at the Summit described
creative new private sector, state, regional, and local
programs that address climate challenges, many of
which span the levels of government and between the
public and private sectors. The Summit also high-
lighted a variety of new scientific tools and programs,
including very high-resolution climate models, new
observational networks designed to document cli-
mate change and impacts, and integrated analytical
methods that draw together physical science, ecology,
and social science. The outcome of the summit was

a report providing information and suggestions for
consideration by federal decisionmakers and other
stakeholders as they continue to craft and refine
strategies, programs, and policies to address climate
change adaptation.” Input gained from the Summit
will be used to inform adaptation activities of the
USGCRP.

¢ See www.whitehouse.gov/sites/default/files/microsites/
ceq/Interagency-Climate-Change-Adaptation-Progress-
Report.pdf.

7 Report available at www.joss.ucar.edu/events/2010/ncas/
ncas_report.pdf.




In addition to these external sources of advice
and guidance, the USGCRP undertook a self-
assessment exercise and included it as a part
of the 2009 Global Climate Change Impacts in the
United States report. Below is a summary of the
recommendations from that report.

Recommendation 1: Expand our understanding of
climate change impacts. There is a clear need to
increase understanding of how ecosystems,
social and economic systems, human health, and
infrastructure will be affected by climate change
in the context of other stresses.

Recommendation 2: Refine ability to project climate
change, including extreme events, at local scales. One
of the main messages to emerge from the past
decade of synthesis and assessments is that while
climate change is a global issue, it has a great deal
of regional variability. There is an indisputable
need to improve understanding of climate system
effects at these smaller scales, because these are
often the scales of decisionmaking in society.

Recommendation 3: Expand capacity to provide deci-
sionmakers and the public with relevant information
on climate change and its impacts. The United States
has tremendous potential to create more compre-
hensive measurement, archive, and data-access
systems and to convey needed information that
could provide great benefit to society.

Recommendation 4: Improve understanding of
thresholds likely to lead to abrupt changes in climate
or ecosystems. Non-linear changes, especially
those related to positive feedbacks, could have
significant impacts on future climate, and lead to
irreversible changes such as species extinction.

OUR CHANGING PLANET

Recommendation 5: Improve understanding of the
most effective ways to reduce the rate and magnitude
of climate change, as well as unintended consequences
of such activities. Impacts of climate change during
this century and beyond are projected to be far
larger and more rapid in scenarios in which
greenhouse gas concentrations continue to grow
rapidly compared to scenarios in which concen-
trations grow more slowly. Additional research
will help identify the optimal mix of mitigation
options necessary to control the rate and mag-
nitude of climate change. In addition to their
intended reduction of atmospheric concentrations
of greenhouse gases, mitigation options also
have the potential for unintended consequences,
which should be examined in future research.

Recommendation 6: Enhance understanding of how
society can adapt to climate change. There is cur-
rently limited knowledge about the ability of
communities, regions, and sectors to adapt to
future climate change. It is important to improve
understanding of how to enhance society’s capac-
ity to adapt to a changing climate in the context
of other environmental stresses. It is also impor-
tant to carry out regular assessments of adapta-
tion measures that address combined scenarios
of future climate change, population growth, and
economic development paths.
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||| STRATEGIC USGCRP ELEMENTS

ased on the 2003 strategic plan, the USGCRP climate and related systems may change in the
has organized itself around seven main future; understanding the sensitivity and adaptability
research elements and a number of crosscutting of different natural and managed ecosystems

activities to coordinate scientific research and the
flow of information through interdisciplinary

and interagency working groups. These research STRATEGIC USGCRP ELEMENTS
elements included atmospheric composition, climate
variability and change, the global water cycle, land- (PRELIMINARY LIST)

use and land-cover change, the global carbon cycle, Integrated Observations

Fundamental Research
Adaptation Research
End-to-end Modeling
Assessment

Support for Climate Services
Communications, Outreach,

ecosystems, and human contributions and responses
to environmental change. The program also has
assembled crosscutting working groups that focused
on communications, education, observations, and
international research and cooperation. The working
groups traditionally focused on meeting the needs
of the five goals outlined in the 2003 strategic plan,
including: improving knowledge of the Earth’s past

OmamO0O = >

and present climate and environment, including its and Education

natural variability, and improving understanding H. Scientific-Societal Areas

of the causes of observed variability and change; of Interest

improving quantification of the forces bringing about . USGCRP-Supported International

changes in the Earth’s climate and related systems; v
: o - ) Activities
reducing uncertainty in projections of how the Earth’s
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and human systems to climate and related global
changes; and exploring the uses and identifying
the limits of evolving knowledge to manage risks
and opportunities related to climate variability and
change.

These traditional strengths of the program that
support a wide variety of research activities to gain
more detailed predictive understanding of climate
change must be maintained. However, there remain
significant gaps in going from an estimate of how
much the climate may change to the effects these
changes may have on ecosystem services, water
resources, natural resource utilization, human
health, and societal well-being. In response to recent
recommendations provided by the NRC and others,
the USGCRP currently is reviewing the organization
of the program to determine how best to respond

to the changing needs of society, such as providing
information in order to reduce vulnerabilities

and improve resilience to climate variability and
change. For example, a recent National Research
Council report recommends restructuring the
USGCRP around “...the end-to-end climate change
problem, from understanding causes and processes
to supporting actions needed to cope with the
impending societal problems of climate change.”®
This means supporting a balanced portfolio of
fundamental and application-oriented research
activities from expanded modeling efforts to studies
of coupled human-natural systems and institutional
resilience.

In addition, it would mean boosting adaptation
research; bolstering capacity to monitor change

and its impacts (including not only enhancing our
monitoring networks on land and for the oceans but
also strengthening our system of Earth-observation
satellites); producing the sorts of integrated
assessment of the pace, patterns, and regional impacts
of climate change that will be needed by decision
makers as input into their deliberations on the metrics
and goals to be embraced for both mitigation and
adaptation; and making climate data and information
accessible to those who need it.

The USGCRP has taken the initial steps to review
historical program elements and priorities, as well

® National Research Council, 2009. Restructuring Federal
Climate Research to Meet the Challenges of Climate Change.
National Academy Press, Washington DC.

as recent recommendations for restructuring the
program. This has led to the identification of a set of
strategic program elements that will be needed for
realizing this “end-to-end” approach. These elements
range from research to decision support and include
fundamental research; integrated observations;
end-to-end modeling; national climate assessment;
adaptation science; support for climate services;
communications, outreach, and education; scientific-
societal areas of interest; and USGCRP-supported
international activities. These elements are described
in detail in the following sections. However, it should
be noted that these elements represent a preliminary
conceptualization of the future USGCRP; the strategic
planning process will define the program’s new
direction. The culmination of this process will be a
new strategic plan for the USGCRP for 2013 — 2023, as
required under the GCRA.

The individual execution of the new strategic
program elements, and success in meeting the
USGCRP mission, will depend strongly on
communication and collaboration among the
proposed strategic elements. Indeed, the “end-to-end
modeling” program element will strongly depend
on interactions with the “integrated observations”
program element for data input into models,

data assimilation, model audits, and for end-to-

end modeling input into the design of integrated
observation networks. In turn, both elements

will require frequent communications with the
“fundamental research” and “adaptation research”
program elements, and will feed into and draw from
the “National Climate Assessment” program. This
will also require coordination with sector-specific
programs, such as those serving the water resources
communities, the health communities, etc. These
interactive needs, which apply to all proposed
strategic USGCRP elements, will be met through a
structured communication process.

A. INTEGRATED OBSERVATIONS

Long-term, high-quality observations are essential
for defining the current state of the Earth’s system,
discovering the magnitude and sources of past
trends, and providing the scientific basis for future
predictions of its variability. Observational capability
should support determination of trends in means
and changes in distributions of extremes, and cover
spatial scales from global to local. The broader




U.S. governmental context for Earth observations,
including those for climate, has been documented by
the OSTP in its September 2010 report, Achieving and
Sustaining Earth Observations: A Preliminary Plan Based
on a Strategic Assessment by the U.S. Group on Earth
Observations.

The observational system required is an integrated
mix of satellite and non-satellite systems. These
systems complement each other in a variety of
ways—satellites provide the global coverage
frequently inaccessible to surface-based
measurements, while in situ measurements can
achieve greater spatial and/or temporal resolution, as
well as measure parameters inaccessible to satellites
and provide information on earlier periods in Earth
system history. The USGCRP agencies are leading
contributors to the national and global observing
system. Many of the U.S. observations important
for documenting climate change are produced by
operational systems not reflected in the USGCRP
Budget Crosscut (see last section of this report).

The determination of long-term trends and the
requirement for measurement consistency place
enormous burdens on the measurement systems in
terms of calibration and validation, as well as the
need for transparency in algorithm and instrument
knowledge. In implementing its measurement
programs, the United States follows wherever
possible the Monitoring Principles established by
the Global Climate Observing System (especially as
documented in the 2010 Update of the Implementation
Plan for the Global Observing System for Climate in
Support of the United Nations Framework Convention on
Climate Change (UNFCCCQ)).

In FY 2010, a number of important steps were taken
by the Administration to improve the observing
system. A major change in plans for the operational
meteorological satellites was restructuring the
previous National Polar Orbiting Operational
Environmental Satellite System into the Joint

Polar Satellite System and its DOD counterpart

for the morning orbit; in addition, sea surface
altimetry observations are being successfully
moved from research to operations. A significant
addition to USGCRP agency budgets will allow for
acceleration of previously planned observations
(especially those recommended by the NRC in its
2007 Decadal Survey Earth Science and Applications
from Space: National Imperatives for the Next Decade
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and Beyond), and several new satellite programs to
provide follow-up measurements not accessible in
the near term by operational programs. A multi-
mission data acquisition strategy for space-based
carbon measurements (especially atmospheric
carbon dioxide (CO,)) was also initiated that, when
combined with already implemented surface-based
and airborne observations, will significantly improve
our ability to document the distributions, sources,
and sinks of atmospheric CO,

The collection of all these data and their importance
to global change research makes the long-term
stewardship of data an essential part of the
observational program. Not only is the volume of
these data sets ever increasing, but they also come
from a multiplicity of sources. All of these data
sets must be archived and disseminated in ways to
facilitate more conveniently and comprehensively
their long-term use by the full range of user
communities, especially by those involved in truly
multidisciplinary scientific work and an increasing
variety of adaptation and assessment uses.

B. FUNDAMENTAL RESEARCH

Fundamental research directed at understanding
climate change provides the foundation for all
aspects of the USGCRP. This research has made
enormous inroads in understanding climate change
and its causes, and is beginning to develop a strong
understanding of current and potential impacts that
will affect human and natural systems today and

in coming decades. Scientific evidence has shown
that climate change is occurring, can be attributed
to human activities, and poses significant risks for
both human and natural systems. In addition to
temperature increases, this evidence shows a broad
spectrum of other climate changes, such as increases
in the frequency of intense rainfall, decreases in
snow cover and sea ice, more frequent and intense
heat waves, rising sea levels, and widespread ocean
acidification. Individually and collectively, these
changes pose risks for a wide range of human

and environmental systems, including freshwater
resources, the coastal environment, ecosystems,
agriculture, fisheries, human health, and national
security, among others.

As society responds to the risks and opportunities
brought on by climate change, decisionmakers will
require scientific information to help inform their
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actions. The scientific community must continue to
conduct research that will improve understanding of
the causes and consequences of climate change, and
improve our understanding of the options available
to limit the magnitude of climate change, adapt to
impacts, and capitalize on the opportunities that may
arise. In addition, the scientific community should
strive to be as comprehensive, integrated, and flexible
as possible to meet the evolving scientific needs of
society.

A particular emphasis of our fundamental research
is the study of Earth system processes, including
both those that are relevant to a traditional Earth
system component (atmosphere, ocean, biosphere,
cryosphere, land surface, etc.), and those that

couple them together. Through comprehensive
observations, discoveries are made, hypotheses are
tested, and quantitative models are developed that
can mathematically describe the processes and their
relationship to the broader Earth environment. These
models also become critical components of the Earth
system models described below.

To assist the government and society as a whole
with understanding, mitigating, and adapting to
climate change, U.S. government agencies deploy a
wide range of powerful resources for research and
development. Each agency has different sets of key
specialists and capabilities, different networks and
relationships with the external research community,
and separate program and budget authorities.

As a single interagency program, the USGCRP brings
together the essential capacities for research that

are distributed across U.S. government agencies.
Success in translating and delivering the scientific
information necessary for decisionmaking relies on
the coordination of programmatic and budgetary
decisions of the 13 agencies that make up the
USGCRP.

C. ADAPTATION RESEARCH

There currently exists limited knowledge about the
ability of communities, regions, and sectors to adapt
to a changing climate. To address this shortfall,
research on climate change impacts and adaptation
must include complex human dimensions, such as
economics, management, governance, behavior, and
equity. Interdisciplinary research on adaptation that

takes into account the interconnectedness of the Earth
system and the complex nature of the social, political,
and economic environment in which adaptation
decisions must be made would be central to this
effort.

To begin to address climate change adaptation
across the Federal government, in parallel and in
coordination with the USGCRP, the White House
Council on Environmental Quality (CEQ), the OSTP,
and NOAA convened the Interagency Climate
Change Adaptation Task Force. On 5 October 2009,
President Obama signed the Executive Order on
Federal Leadership in Environmental, Energy, and
Economic Performance, which, among other things,
called on this Task Force to begin developing Federal
recommendations for adapting to climate change
impacts both domestically and internationally.

The Task Force reported back to the President on 5
October 2010 with recommendations regarding the
development of a U.S. strategy for adaptation to
climate change.® The report offers recommendations
for how Federal policies and programs can better
prepare the United States to respond to the impacts
of climate change. It urges Federal agencies to make
adaptation a standard part of agency planning

and to make scientific information about climate
change impacts accessible to public and private
decisionmakers. It also recommends that the Federal
Government strengthen existing efforts to help
developing countries reduce their vulnerability

to climate change and build strong partnerships

to support state, local, and tribal adaptation.

The USGCRP will continue to support efforts
related to the Task Force and the implementation

of recommendations contained in the report. In
particular, the Science Working Group of the Task
Force, which focused on addressing the challenge of
translating science for decisionmakers, will continue
its work under the USGCRP.

D. END-TO-END MODELING

In order to ensure that the results of the USGCRP
are of relevance to national interests, a key focus of
the program is the development of an end-to-end
perspective in providing information of sufficient
breadth to decisionmakers. Thus, strengthening the
end-to-end nature of the modeling component is a

priority.



Climate models encapsulate scientists’ best
understanding of climate and related Earth system
processes and are important tools for understanding
past, present, and future climate change. Most
modern climate models also include representations
of the oceans, atmosphere, cryosphere, and land
surface, and their interactions. Some Earth system
models also simulate a range of biogeophysical
processes that involve terrestrial and marine
ecosystems and human activities.

Climate and Earth system models use computer-
based numerical techniques to solve mathematical
equations, yielding a projected evolution of the
climate system. Rather than trying to predict the
exact future state of the atmosphere (i.e., weather),
climate models predict changes in the frequency
and characteristics of weather phenomena (e.g.,
hurricanes, heat waves, droughts, etc.) and average
seasonal weather patterns.

In order to take on the challenge of projecting

impacts and vulnerability caused by climate change,
we must strengthen our ability to predict climate

at regional and local scales and at the decadal time
scale. This information serves as the starting point for
policymaking, planning and decision support models,
as well as impacts, adaptation, and vulnerability
studies of energy, the environment, and economic
security. The results can also inform significant U.S.
infrastructure decisions and investments.

Understanding the consequences of climate change,
with particular attention to options for mitigation

and adaptation at regional and local scales, requires
that next-generation models dramatically improve
their depiction of local precipitation patterns,

extreme events in temperature, and wind; reduce
uncertainties regarding key elements affecting climate
such as aerosols and carbon fluxes; and capitalize

on leadership-class computers and related cyber-
infrastructure.

A substantial expansion of impact, adaptation, and
vulnerability science and models is required to
deliver a robust set of discrete component models
in areas such as agriculture, coastal systems, energy,
transportation, health, forestry, water resources,
fisheries, ecosystem services, and more.
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Finally, a new generation of Integrated Assessment
Models (IAMs) is required that combines both the
drivers and consequences of climate change within
common modeling frameworks. At the center of
IAMs are representations of present and projected
future human activities (greenhouse gas emissions,
land or water use changes, etc.) and their potential
influence on the climate system. IAMs address the
two-way coupling between changes in the natural
climate system and human activities, including those
undertaken to mitigate climate change, to adapt to
climate change, or as consequences of changes in
climate or other aspects of the Earth system.

These three focus areas (Earth System Modeling;
Impacts, Adaptation, and Vulnerability modeling;
and Integrated Assessment Modeling) need to be
more tightly integrated through cooperation among
communities and better coupling and interoperability
across modeling frameworks. With better integration,
the current disciplinary and agency boundaries will
blur, resulting in an adaptive, agile U.S. modeling
infrastructure. The result will be an analysis and
assessment capability that can quickly respond to the
challenging questions the nation faces, at multiple
geographic and time scales.

E. ASSESSMENT

Assessment has long been a mainstay of the global
change community, and USGCRP research has been
at the heart of U.S. contributions to assessing climate
change and its impacts. Investigators funded through
USGCRP programs consistently play leadership roles
in international assessments such as those of the
Intergovernmental Panel on Climate Change (IPCC)
and the World Meteorological Organization/United
Nations Environment Programme. Data and model
results from USGCRP-funded research are central to
these assessments. When other one-time assessments
take place, USGCRP models, data, and researchers are
important components. The USGCRP also historically
provides the funding for one of the Technical Support
Units that enables preparation of the IPCC reports—
for the Fourth Assessment Report (2007) it was for
Working Group I on the physical basis of climate
change, and for the Fifth Assessment Report it is

for Working Group II on impacts, adaptation, and
vulnerability.

13



The U.S. Global Change Research Program for Fiscal Year 2011

14

In addition to its contributions to international
assessments, the USGCRP has a statutory
requirement under the Global Change Research

Act of 1990 to produce a quadrennial assessment

of climate change and its impacts on the United
States. The Act further requires an assessment of the
impacts of global change on a variety of sectors and
projections of future conditions for 25 to 100 years.
Strategic planning and implementation for the current
assessment is underway and the next complete report
is expected in June 2013.

The vision for this National Climate Assessment
incorporates recommendations from the NRC

and others and will differ in multiple ways from
previous U.S. climate assessment efforts. It will be
more focused on evaluating the Nation’s progress
in adaptation and mitigation; building a long-term,
consistent process for evaluation of climate-related
risks and opportunities; providing information that
supports decisions within regions and sectors of the
United States; and evaluating the current state of
scientific knowledge relative to climate impacts and
trends.

A primary goal is to establish an enduring assessment
capacity within the federal government that provides
essential links with and is accessible to outside
experts and stakeholders for use in decisionmaking.
In addition to producing a report by June 2013, this
new National Climate Assessment will be an ongoing
process that involves stakeholders and scientists
across the country. Assessment activities will result
in the capacity to perform ongoing assessments of
vulnerability to climate stressors, to observe and
project impacts of climate change within regions

and sectors, to develop consistent indicators of
progress in adaptation and mitigation, and will

allow for production of a set of reports and web-
based products that are useful for decisionmaking at
multiple levels.

Substantial recent progress has been made toward
preparing the next Assessment and in establishing
this assessment capacity. A preliminary outline

and work plan for the next Assessment has been
developed and a series of workshops are being held
in 2010 and will be held in early 2011 to provide
guidance on the methodologies that will be used by
the Assessment effort. Beginning in January 2011,
regional and sectoral networks will be mobilized

to support the initial writing and provide informed
reaction to the Assessment.

F. SUPPORT FOR CLIMATE SERVICES

Coordinated climate information and services are
needed to assist decisionmaking across public and
private sectors. Local planners will want information
on likely changes in precipitation amount and
flooding; farmers and farm cooperatives will want
information on changes in season length and
temperature for both their own farms and those

of their local and distant competitors; coastal zone
managers will want information on likely changes in
sea level, storms, and estuarine temperatures; water
resource managers and energy/electricity producers
will want information on likely changes in snowpack
and runoff and the chance of floods and drought;
community health planners will want information
on changes in location of freezing conditions and

the frequency of extreme precipitation and heat
waves; industry will want information on changes

in extremes that might affect their businesses and
shipping; those preparing environmental impact
statements will need information on how changes

in a given location affect environmental outcomes;
those doing economic analyses will want information
across the region, and much more.

While much work has been done to develop
implementation strategies and program structures,
and to evaluate the need for improved climate
services, especially in individual agencies, the
Administration believes that interagency coordination
is essential for delivering comprehensive Federal
climate services. Therefore, OSTP has established,
under the National Science and Technology Council,
the Roundtable on Climate Information and Services,
a high-level group that will develop a common
definition of climate services, examine national
assets, and provide a roadmap of how the federal
government can provide services in a coordinated
way. The USGCRP will work with the Roundtable to
provide information, data, and expertise to support
these efforts.



G. COMMUNICATIONS, OUTREACH,
AND EDUCATION

Demand for scientific information to support
decisions that will help understand, mitigate, and
adapt to climate change will continue to grow as
society responds to the challenges and opportunities
brought on by climate change. In order to meet this
demand, a comprehensive and coordinated effort is
needed to assist in translating and providing technical
information in forms that are timely, credible, and
supportive of decisionmaking at various scales.

A wide variety of approaches and activities are
currently being undertaken across the Federal
government to communicate scientific knowledge
and socioeconomic information related to climate
change. A number of Federal agencies provide state
and local governments, industry, nongovernmental
organizations (NGOs), the general public, and other
stakeholders with information about national and
global climate change research and risk assessment
studies, U.S. mitigation activities, and policy
development. They work both independently and in
partnership toward the common goal of increasing
awareness and understanding.

The USGCRP is responsible for communicating
credible scientific information related to climate
change and its impacts to a variety of stakeholders,
both nationally and globally. The USGCRP is
currently developing an integrated communication,
outreach, and engagement strategy to enhance
coordination of Federal agency efforts and to support
ongoing activities, such as the National Climate
Assessment. This coordinated effort will continue to
build public understanding of climate change and
serve as a foundation for improved adaptation and
mitigation.

The USGCRP also has the opportunity to assist
formal education systems that educate the scientists,
engineers, and citizens of tomorrow to understand
and be able to make decisions appropriate to climate
conditions in the future. By providing content and
supporting research and training, USGCRP agencies
can partner with professionals in education and the
education industry to improve the training of teachers
and students and to provide more usable material
that can enhance student interest and learning.
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H. SCIENTIFIC-SOCIETAL AREAS OF
INTEREST

Guidance received from the NRC and elsewhere has
suggested that the USGCRP should be restructured
around crosscutting, integrated, societally relevant
themes to ensure that the research it supports is
maximally useful to the nation. The NRC report,
Restructuring Federal Climate Research to Meet the
Challenges of Climate Change, called these “scientific-
societal issues” while the America’s Climate Choices
report, Advancing the Science of Climate Change,
referred to “areas of interest to decisionmakers.” By
structuring the program around these elements, the
research agenda will better reflect the overarching
USGCRP mission “to build a knowledge base that
informs human responses to climate and global
change.” Examples of scientific-societal themes from
the NRC reports include sea level rise and the coastal
environment; freshwater resources; ecosystems,
ecosystem services, and biodiversity; agriculture
and fisheries; cities and the built environment;
transportation systems; energy systems; national and
human security; extreme weather and disasters; and
human health.

The strategic planning process will guide the
USGCRP on how to address societally relevant
themes, what areas most reflect the priorities of the
program, and how to best integrate them into the
research agenda. A pilot effort addressing human
health, described below, is already underway.

Interagency Crosscutting Group on Climate Change

and Human Health Pilot. In response to the
recommendations to restructure the USGCRP around
crosscutting scientific-societal themes, the USGCRP
piloted a new interagency working group on climate
change and human health. Established in December
2009, the Interagency Crosscutting Group on Climate
Change and Human Health (CCHHG) addresses an
important societally relevant area of research and
also serves to inform the program’s overall strategic
planning process. The CCHHG strives to increase

the overall effectiveness and productivity of Federal
research and development efforts in the area of
climate change and health. Membership includes
participants from various divisions and offices of
traditional USGCRP agencies, as well as agencies not
traditionally associated with the USGCRP, such as the
Department of Homeland Security (DHS).
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The CCHHG is charged by the USGCRP with
planning, coordinating, implementing, evaluating,
and reporting on Federal research and related
activities that expand the scientific and technical
knowledge base regarding the human health
impacts of global environmental change, focusing
specifically on climate variability and change. The
CCHHG seeks to integrate relevant science and
technology programs and capabilities through
interagency, interdisciplinary, and intergovernmental
collaborations that span a continuum from basic
research to decisionmaking to application, with the
ultimate goal of building more resilient communities.
This group also serves as a pilot to inform future
USGCRP efforts.

Although membership is limited to representatives
of Federal agencies, the CCHHG intends to fully
engage relevant stakeholders as appropriate, to
inform prioritization of research needs, increase
understanding of potential health impacts in various
sectors, and increase coordination with on-the-
ground public health applications at the regional,
state, local, and tribal levels through mechanisms
such as workshops and listening sessions.

I. USGCRP-SUPPORTED
INTERNATIONAL ACTIVITIES

Since climate change is a global phenomenon, U.S.
activities related to climate change are necessarily
linked to the global community. The USGCRP and
the large community of U.S. scientists supported by
or associated with it have a global reach. Activities
in which the United States is involved include
supporting global environmental change research
programs, including those that operate under the
aegis of the International Council for Science (ICSU);
supporting international assessments, particularly
those of the IPCC; supporting regional global change
research networks; playing an active role in informal
organizations that are involved with the advancement
of global environmental change research; and
participating in and leading international efforts

to provide coordination and cooperation in Earth
observations. This support includes work with the
DOS at a variety of levels, but particularly with
respect to the IPCC and the UNFCCC as well as
bilateral arrangements in climate change science and
technology. This also includes contributions to and
participation in international observational efforts

such as the Group on Earth Observations (GEO) and
the Global Climate Observing System (GCOS).

The international global change research programs
continue to provide sound frameworks for core
research projects, capacity-building programs, and
regional networks. These programs include the
World Climate Research Programme (WCRP), the
International Geosphere-Biosphere Programme
(IGBP), the International Human Dimensions
Programme (IHDP), and DIVERSITAS (an
international biodiversity science program) that
together constitute the Earth System Science
Partnership (ESSP). These programs also provide a
framework for regional and sectoral programs such
as the Monsoon Asia Integrated Regional Study
(MAIRS) and the Northern Eurasia Environmental
Science Partnership Initiative (NEESPI), as well as
the Global Observations of Forest Cover/Global
Observations of Land Dynamics (GOFC/GOLD).
The ESSP-sponsored global change SysTem for
Analysis, Research, and Training (START) provides
an international framework for capacity building.

The following provides additional detail on recent
activities involving international programs:

Intergovernmental Panel on Climate Change Fifth
Assessment Report. The IPCC is an international
scientific governmental body established by the
World Meteorological Organization (WMO) and the
United Nations Environment Programme (UNEP)

to assess scientific, technical, and socioeconomic
information concerning climate change, its potential
effects, and options for adaptation and mitigation.
The IPCC periodically assesses original research on
climate and related environmental change. A main
activity of the IPCC is publishing special reports and
periodic assessment reports on topics relevant to the
implementation of the UNFCCC, an international
treaty that acknowledges the possibility of harmful
climate change and encourages the reduction of
greenhouse gas emissions by member states. The
Fifth Assessment Report (AR5) of the IPCC will be
the next in a series of such assessment reports. The
IPCC is open only to member states of the WMO and
UNEDP, and it bases its assessments on peer-reviewed,
published scientific literature.

The IPCC has completed the selection of contributors
to AR5. The USGCRP, in close coordination with



DOS’ Office of Global Change and OSTP, coordinated
the nominations process for the United States. In
total, over 170 experts from the United States were
chosen to contribute to AR5 across its three Working
Groups (WGI focuses on the physical science basis;
WGII assesses the impacts, adaptation strategies, and
vulnerability related to climate change; and WGIII
covers mitigation response strategies in an integrated
risk and uncertainty framework). The research
activities of many of these experts are supported by
US agencies as part of their USGCRP investment.

United Nations Framework Convention on Climate
Change. The UNFCCC is an international
environmental treaty produced at the United Nations
Conference on Environment and Development,

with the objective of stabilizing greenhouse gas
concentrations in the atmosphere at a level that
would prevent dangerous anthropogenic interference
with the climate system. The treaty provides

for updates (called “protocols”) that would set
negotiated emission limits. The principal update

is the Kyoto Protocol, concluded in 1997, which

has become much better known than the UNFCCC
itself. The 15th Conference of the Parties (COP-

15) was held 7-18 December, 2009 in Copenhagen,
Denmark. USGCRP participating agencies
accompanied the U.S. delegation and hosted side
events at the conference. The DOS’ Bureau of Oceans,
Environment, and Science (OES), in coordination with
the Office of the Special Envoy for Climate Change
(SECC) and the USGCRP, organized the U.S. Center,
an unprecedented outreach initiative that provided

a platform for 35,000 conference attendees to learn
about U.S. climate actions. The topics highlighted

the variety of U.S. climate programs and scientific
research and underscored the strong actions the
United States is taking to combat climate change.

The USGCRP and its participating agencies have been
engaged in preparations for COP-16, which was held
from 29 November to 10 December 2010, in Cancun,
Mexico.

International Civil Aviation Organization’s Committee
on Aviation Environmental Protection. The Federal
Aviation Administration (FAA), as an arm of DOT,
participates in the work program of the International
Civil Aviation Organization’s (ICAO) Committee

on Aviation Environmental Protection “to develop
and assess standards and recommended practices
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concerning aircraft/engine emissions (including
oxides of nitrogen, carbon dioxide, and particulate
matter emissions).” For example, FAA is conducting
a study to identify and assess metrics for CO,
emissions from aircraft that may potentially be used
to set standards for the certification of new aircraft
(including the benchmarking of existing aircraft)

and to monitor the operational performance of the
commercial aircraft fleet. The results of the study
will be provided within the work program of ICAO’s
Committee on Aviation Environmental Protection for
considering development of the aircraft CO, standard
by the end of 2012.

GEO-VI Plenary. Over 300 representatives of 45
governments and 34 international organizations
participated in the Sixth Plenary Session of the Group
on Earth Observations (GEO-VI), hosted by the
United States in Washington, DC on 17-18 November
2009. A summary report of national activities was
provided, including announcements that the United
States will reposition the GOES-12 satellite to provide
coverage of South America (replacing the GOES-10
satellite) and, as part of a new initiative, monitor the
polar ice sheets of Greenland and Antarctica with
airborne remote sensing and in situ monitoring.

The delegates discussed a number of priority areas
for Earth observations in 2010, including forest
monitoring for carbon, global carbon monitoring
and analysis, global biodiversity observations
through the emerging GEO Biodiversity Observation
Network (GEOBON), and an initiative to establish a
#2010 Baseline” for key Earth observation data sets,
including the need for a land imaging data set. The
delegates also took a number of critical actions to
advance the global sharing and exchange of Earth
observations data through the implementation

of Global Earth Observation System of Systems
(GEQOSS), including facilitating the integration

of global Earth observations data into a common
information architecture of portals, clearinghouses,
and registries through the GEOSS Common
Infrastructure (GCI) and the creation of a GCI Team.
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|V USGCRP RECENT PROGRESS AND FY 2011 PLANS

he strategic program elements in the previous In addition, they will form an important basis for
section represent a preliminary concept of progress under a new strategic framework that
some of the pieces that will comprise the future incorporates the elements listed in the previous
USGCRP and some of the progress made has already  section. For example, the section on “Assessing the
been described. The remainder of this report was Nation’s vulnerability” discusses activities that will
developed by compiling information based on the support the new National Climate Assessment as well
following six focus areas: as efforts toward adaptation. Activities listed under
e Improving our knowledge of Earth’s pastand  “Providing climate information and decision support
present climate tools” may help the program provide support for
e Improving our understanding of natural and  climate services. Progress under “Improving our
human forces of climate change knowledge” and “Improving our understanding”
e Improving our capability to model and will underpin any future developments in integrated
predict future conditions and impacts observations and fundamental research. While the
e Assessing the Nation’s vulnerability to program is undergoing a strategic realignment, it has
current and anticipated impacts of climate a lot of competencies, progress, and plans to build on.
change
e Providing climate information and decision Improving our knowledge of Earth’s past and
support tools present climate
e Climate change communication and
education RECENT PROGRESS AND ACTIVITY
These focus areas represent some of the traditional
goals of the USGCRP, and work done in these Climate Reanalysis. Reanalyses serve as vitally
areas will be critical to the future of the program. important climate records for both research and
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applications. Atmospheric reanalyses are obtained
by synthesizing both in situ and remotely sensed
observations together within a model to provide a
complete, temporally continuous, objective record

of how the atmosphere has evolved over extended
periods of time. Reanalyses typically extend over
several decades or longer, and cover the entire globe
from Earth’s surface to well above the stratosphere.
The USGCRP has placed a high priority on improving
the quality and spatial resolution of reanalyses, with
emphasis on decision- and application-relevant
variables, extending the length of reanalysis records,
and broadening future reanalyses to include other
components of the Earth system (ocean, cryosphere,
and land-surface hydrology). Remarkable progress
has been made in all three of these areas over the
past few years through research supported under the
USGCRP. A NASA-led reanalysis project called the
Modern Era Retrospective-Analysis for Research and
Applications (MERRA) has constructed a high-quality
reanalysis at six-hour intervals extending from 1979
to the present.! The MERRA reanalysis particularly
emphasizes the use of satellite observations and
improving the quality of water cycle observations.

A second effort, supported by NOAA and DOE,
demonstrated the feasibility of extending atmospheric
reanalysis records back in time using only surface
observations. While prior reanalysis efforts only
extended back to 1948, coinciding with the modern
radiosonde era, the 20th-century reanalysis project
now provides six-hourly atmospheric maps from
January 1891 to the present. This data set should
enable a vast range of new research, such as on the
causes of the 1930s Dust Bowl drought and other
outstanding weather and climate events of the

late 19th and early 20th centuries. In a third major
effort, NOAA completed the first-ever reanalysis
with a coupled climate model, called the Coupled
Forecast System Reanalysis and Reforecast (CFSRR)
project. This reanalysis, which extends back to 1979,
includes ocean, land surface, and sea ice components
in addition to the atmosphere. This is a major step
toward what has been a long-term USGCRP priority
to develop an ongoing analysis of how the full Earth
system is changing over time, which USGCRP has
termed Integrated Earth System Analysis.

Fidelity of Regional Climate Simulations. As the need
for higher resolution climate information for sound
decisionmaking increases, USGCRP agencies are

8 See gmao.gsfc.nasa.gov/research/merra/

improving the fidelity of climate change projections
at regional scales. A current multiagency effort,

the North American Regional Climate Change
Assessment Program (NARCCAP) has the following
goals: 1) to provide multiple high-resolution (50 km)
climate change scenarios over North America for use
by the climate impacts and adaptation communities,
and 2) to explore the uncertainties in regional model
and global model regional projections of future
climate over North America.’ By the end of FY

2010, all simulations will be completed and model
output made available to researchers and users. The
main probabilistic models of uncertainty developed
by NARCCAP will also be completed and made
available.

Terrestrial Carbon. Accurately characterizing and
monitoring the carbon cycle by understanding

the carbon stocks and fluxes is a requirement of
scientists, managers, and policymakers so that they
can understand how to sustain and enhance carbon
storage capacity, and important to researchers in
order that carbon cycle forcing and feedbacks can

be represented in Earth system models to more
accurately project the results of future climate change.
Numerous advances have been made in better
characterizing carbon pools and fluxes from different
data platforms, and efforts are underway to improve
coordination of these data: (1) NASA, NOAA, and
the U.S. Geological Survey (USGS), through their
participation in the Committee on Earth Observing
Satellites (CEOS) working groups, and particularly
the Land Surface Imaging Constellation, have been
supporting the satellite and field measurement
needs for the GEO Forest Carbon Tracking task;

(2) in an effort lead by USDA’s Forest Service, in
conjunction with the North American Carbon
Program, a comprehensive handbook has brought
together the field methods and measurements used
in forest carbon inventory and monitoring; and (3)
the multiagency Ameriflux network, led by DOE,
continues to provide important information from
flux towers that advances the understanding of
processes regulating carbon assimilation, respiration,
and storage, and linkages between carbon, water,
energy, and nitrogen through measurements and
modeling. In all these efforts, better methods of data
coordination among data collection modalities are
being pursued.

% See www.narccap.ucar.edu/about/index.html




Building long-term ecological research networks.
Assessing long-term changes in ecological systems
due to environmental change, disturbance, and
human impacts is essential for adaptation strategies,
conservation, and resource management. As a
collaborative effort with universities, NGOs, and
government agencies to investigate ecological
processes over long temporal and broad spatial
scales, NSF established the Long Term Ecological
Research (LTER) Network in 1980. The Network
promotes synthesis and comparative research

across 26 ecosystems and other related national and
international research programs. Many of the LTER
sites are co-located with existing agency research
sites, for example, USDA Forest Service Experimental
Forest and Range locations and USGS watershed
research sites. A new program, Urban Long-Term
Research Areas exploratory research (ULTRA-Ex),
managed jointly by NSF and the USDA Forest Service,
made its first awards in 2009. The goal of ULTRA-

Ex is to stimulate and support interdisciplinary
teams of investigators and practitioners working
together to contribute to the broader base of scientific
knowledge regarding human-ecosystem interactions
in urban settings. The LTER and USDA Forest Service
community have highlighted the need for greater
integration of the social and ecological sciences across
the LTER network, as evidenced in the LTER decadal
plan and the strategic research initiative, Integrative
Science for Society and the Environment. ULTRA-Ex
project objectives are to advance basic theoretical
knowledge regarding both human and ecological
dimensions of ecosystems and to generate results
with a range of scientific, educational, and practical
uses and applications.

Field Experiments to Study Clouds in the Global
Climate System. Marine boundary layer clouds are
particularly important in the global climate system,
not only as passive modulators of solar energy, but
as interactive systems that influence and modulate
sea surface temperature and the strength of the
trade winds on seasonal to interannual timescales.
Their microphysical properties are important,
strongly sensitive to manmade aerosol, and poorly
understood, especially over remote oceans. From
May 2009 through December 2010 the DOE ARM
(Atmospheric Radiation Measurement) Mobile
Facility conducted intensive field observations near
the Portuguese Azorean island of Graciosa in support
of the Clouds, Aerosol, and Precipitation in the
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Marine Boundary Layer (CAP-MBL) field campaign.'
The goal of the campaign is to study processes
controlling the radiative properties and microphysics
of marine boundary layer clouds, a high-priority
science question.

In a five-month field campaign centered at the
DOE’s ARM Southern Great Plains site in Oklahoma,
improved analysis techniques were applied to a
variety of airborne measurements in a study to
determine how aerosols affect cloud formation
and the energy balance from the sun. Significantly
improved techniques were used in the analysis

of Raman lidar data to enhance the accuracy of
interpretation of aerosol observations, which will
reduce scientific uncertainties in computer models
used to simulate climate change.

Global Land Survey 2010. The Global Land Survey
(GLS) 2010 allows land cover and ecological changes
to be monitored on a five-year observation cycle, as
recommended by the Global Terrestrial Observing
System and its panel on the Global Observation of
Forest and Land Cover Dynamics. During 2009, USGS
and international partners acquired some 32,000
images from eight specially operated Landsat-5
receiving stations in order to maximize the pool

of available observations. NASA and USGS are
collaborating to support national and international
efforts to map land cover change. This effort will
assemble a substantially cloud-free, leaf-on (i.e.,
growing season) collection of Landsat and EO-1
Advanced Land Imager imagery for the world’s land
areas centered on the period 2009 to 2010. GLS 2010
follows previous projects that assembled similar
Landsat data sets for 1975, 1990, 2000, and 2005.

Global Climate Observing System Reference Upper Air
Network. The GCOS Reference Upper Air Network
(GRUAN) is an international reference observing
network, designed specifically to meet climate
research requirements and to be used for validation
as a baseline for all other purposes.'' While the global
upper-air observing network has provided useful
observations for operational weather forecasting

for decades, those measurements lack the accuracy
and long-term continuity needed for understanding
climate change. Consequently, the climate research
community faces uncertainty about such key issues as

10-See www.arm.gov/campaigns/amf2009clapmbl
! See www.gruan.org
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the nature of temperature trends in the troposphere
and stratosphere; the climatology, radiative effects,
and hydrological role of water vapor in the upper
troposphere and stratosphere; and the vertical
profile of changes in atmospheric ozone, aerosols,
and other trace constituents. In the past year, a

data management plan was developed by the U.S.
partners to address data archiving, a meta-database,
a data dissemination portal, and organization of data
flows. The GRUAN is a partnership between NOAA,
DOE, NASA, the National Center for Atmospheric
Research, and Howard University.

PLANS FOR FY 20711

Future Plans to Improve Fidelity of Regional Climate
Simulations. Building on NARCCAP and other
regional climate modeling activities, NSF, DOE,

and USDA are investing significant resources

to support research beginning in FY 2011 into
Decadal and Regional Climate Prediction using
Earth System Models. Project goals are to improve
current modeling capabilities in order to achieve
comprehensive, reliable global and high-resolution
regional predictions of decadal climate variability
and change through advanced understanding of the
coupled physical, chemical, biological, and human
processes that drive the climate system. This activity
utilizes interagency cooperation to focus on one of
the most pressing problems facing society: climate
change, how it is likely to affect the nation, and how
we can proactively plan for its consequences.

Charting Future Global Carbon Cycle Research. The
global carbon cycle is changing rapidly as a result
of human activities that are altering Earth’s climate.
A decade ago, the 1999 U.S. Carbon Cycle Science
Plan identified research priorities and many of
these remain important today. However, additional
new priorities for carbon cycle research are vitally
important for the coming decade, including the
effects of human activities on carbon cycling, the
vulnerability and resilience o