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Executive Summary

The U.S. Climate Change Science Program (CCSP) released its Strategic
Plan in 2003. This Revised Research Plan, in compliance with Section
104(a) of the Global Change Research Act of 1990, is an update to the 2003
Strategic Plan. It reflects both scientific advances since the publication of the
2003 Strategic Plan and the evolving needs of society. The update focuses on
near-term (1-3 year) planning needs, and specifically addresses research plans
for the period 2008 to 2010. The Revised Research Plan also represents one
of the first steps in the longer term development of the next Strategic Plan.
CCSP is currently developing a process for gathering input from a wide
range of stakeholder and scientific communities to inform the development
of that new Strategic Plan, which will describe approaches for addressing
the Nation’s needs for climate change information beyond the 2010 time

frame and into the next decade.

The Revised Research Plan contains an updated statement of capabilities
and objectives consistent with CCSP’s current Strategic Plan but reflecting
both scientific progress and the Nation’s evolving socictal and environmental
needs. It also contains examples of research progress and a discussion of the
program’s emerging priorities. Using the program’s five strategic goals as
an organizing framework, the Revised Research Plan provides a goal-by-
goal overview of emerging research questions and themes, key research

topics, and illustrative research plans for the years 2008 to 2010.

CCSP’s vision is a Nation and the global community empowered with the science-
based knowledge to manage the risks and opportunities of change in the climate and
related environmental systems. Its mission is to facilitate the creation and application
of knowledge of the Earth’s global environment through research, observations, decision

support, and communication.

This mission arises from the recognition that climate variability and
change will continue to influence society directly and indirectly, and that in
order to make informed decisions, society requires knowledge as to 1) what
is changing and how; 2) what forces are causing those changes; 3) how the
Earth system may change in the future and affect socicties and ecosystems;
4) what parts of the Earth system are most sensitive to global change and
how adaptable those parts are; and 5) how scientific knowledge can be
effectively applied to manage the risks and opportunities. These are the
essence of CCSP’s strategic goals.

To address these goals, CCSP will utilize the Nation’s investments and
advances in monitoring, analysis, and modeling to increase understanding of
Earth systems and the processes affecting their changes (Goals 1 through 3),
while strengthening activity in understanding societal and ecosystem
sensitivities and adaptability, and supporting decisionmaking (Goals 4
and 5). The effectiveness of this suite of activities will be enhanced through
the development of robust communication and education activities that

serve decisionmakers, stakeholders, and the public.

For each of CCSP’s strategic goals, the Revised Research Plan provides a
series of specific examples of research priorities and plans. The illustrative
examples in the Revised Research Plan are not intended to



provide an exhaustive list of every CCSP research project, but
rather to provide an indication of the breadth and depth of the
program’s activities. In addition to the illustrative research examples
identified in the Revised Research Plan, it is fully expected that other
important research topics, yet to be determined, will emerge from future

scientific progress, events, and societal needs.

As identified in the Revised Research Plan, key components of CCSP’s

activities over the next 3 years include the following:

* CCSP will continue to provide the basic physical science required to
understand Earth’s past and present climate, including its natural
variability, and to improve understanding of the causes of and
uncertainties in observed variability and change at global, continental,
regional, and local scales. CCSP remains committed to basic,
ongoing research to understand climate processes and the forcing

factors that cause changes in climate and related systems.

¢ CCSP will increasingly address emerging needs for research to more
fully understand the impacts of climate change on unmanaged and
managed ecosystems, human health and infrastructure, economic,

and other human systems.

* CCSP will continue to generate science to support decisionmaking
related to the management of risks and opportunities of climate
variability and change, including adaptive management and mitigation
cfforts, with an increased emphasis on generating scientific results at

regional and local scales.

* CCSP will place greater emphasis on communicating with users and
stakeholders (e.g., state and local governments, academia, industry,
public utilities, and nongovernmental organizations), both to gain
the benefit of their experience, perspectives, and input and to ensure
that the results of CCSP research, monitoring data, and assessments
are widely and easily available and accessible to potential users of

this information.

These four points distill the key similarities and differences between the
2003 Strategic Plan and the way forward that is identified and illustrated in
the Revised Research Plan.

CCSP’s role in meeting the challenges of global change is vital. CCSP
adds value to Federal agency efforts in climate change research and related
activities by providing a structure and coordination mechanism that leverages
individual agency efforts through increased cooperation, collaboration, and
the joint development of research priorities. The CCSP framework allows
Federal agencies engaged in global change research to do more than individual
agencies could do separately, thus to more effectively address the Nation’s
global change science needs and coordinate and communicate their activities
with those of their domestic and international research partners and
stakeholders. In contributing to this framework, the Revised Research Plan
is consistent with the CCSP guiding vision identified above and restated
here: “A Nation and the global community empowered with the science-
based knowledge to manage the risks and opportunities of change in the

climate and related environmental systems.”



vi
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U.S. Climate Change Science Program
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Fax: +1 202 223 3065
Email: information(@climatescience.gov
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I. Introduction

About the Revised Research Plan

This Revised Research Plan is an update to the 2003
Strategic Plan for the U.S. Climate Change Science Program
(CCSP)." The 2003 CCSP Strategic Plan is an in-depth
document, the result of extensive study and stakeholder
involvement, intended to provide guidance to and goals
for the program for the 10-year period 2003 to 2013
(CCSP, 2003). As such, it provides the larger framework
for the activities of the program, and operates at a
strategic level as well as providing concrete milestones to
guide scientific research and for use in assessing progress

toward the overarching goals of the program.

The 2003 CCSP Strategic Plan was developed via a
thorough, open, and transparent multi-year process
involving a wide range of scientists, managers, and
stakeholders, including members of the academic
community, Federal, state, and local agencies and other
entities, and citizens. A significant part of this process was
the review of both the draft and final plan by the National
Research Council.” These reviews played an important
role in influencing the 2003 Strategic Plan’s development
and its subsequent use.

The Strategic Plan is of long-term value to CCSP and
was written for the period 2003 to 2013, but like any
strategic plan, it must be supplemented by shorter term
revisions that take into account both advances in the
science and changes in societal and environmental needs.
CCSP has a robust, ongoing long-range strategic planning
process to ensure that these needs are met. This Revised
Research Plan draws on CCSP’s long-range planning
process and provides this update. The publication of this
Revised Research Plan is also one of the first steps in the

longer term development of the next CCSP Strategic Plan.
At the time of this writing, CCSP is engaged in the

production of four documents reﬂecting its current short-
and long—term planning and assessment activities in
addition to the synthesis and assessment products

currently in production.

CCSP Revised Research Plan May 2008
Scientific Assessment May 2008
‘Capstone’ Synthesis and Assessment Product 2009
CCSP Strategic Plan 2013 to 2023 2010

This Revised Research Plan and its companion
Scientific Assessment are being produced in compliance
with the requirements of the Global Change Research Act
of 1990. The Revised Research Plan and the Scientific
Assessment will be published on or before 30 May 2008.
The Revised Research Plan by definition is intended to
address near-term (1-3 year) needs, thus focuses on
planning and activities for the period 2008 to 2010,
including those already in progress at publication. It draws
from and synthesizes existing and new research plans and
priorities that are developed and published each year in
CCSP’s annual report to Congress. It thus provides an
integrated, short-range update to the 2003 CCSP
Strategic Plan but does not replace that Plan. The specific
objectives of the Scientific Assessment — entitled Scientific
Assessment of the Effects of Global Change on the United States —
are to integrate, evaluate, and interpret the findings of
CCSP to support informed discussion of the relevant
issues by decisionmakers, stakeholders, the media, and
the general public. The Scientific Assessment draws
from and synthesizes findings from recently published
assessments of the science, including reports and products
by the Intergovernmental Panel on Climate Change

(IPCC) and CCSP.

In addition to producing these two deliverables,
CCSP is engaged in developing a long-range strategic
planning exercise with the goal of producing the next
CCSP Strategic Plan, in order to address the Nation’s
need for climate change information beyond the short
term and extending decades into the future. While the
strategic planning process is still in the early stages of
development, it will be a thorough, deliberative
process that will include intensive stakeholder
engagement and multiple opportunities for stakeholders
to provide input. It is anticipated that these activities will
include such venues as sessions at professional meetings
and/ or workshops, and that these opportunities will
be posted well in advance on the CCSP web site.’ The
new Strategic Plan will also consider and benefit from
the comments and discussion generated during the
production of the Revised Research Plan and Scientific

Assessment.

1 See <www.climatescience.gov/Library/stratplan2003/final>.

2 See <www.nap.edu/catalog.php?record_id=11565> for the draft plan and
<www.nap.edu/catalog.php?record_id=10635> for the final plan.

3 See <www.climatescience.gov>.



The fourth product in development is a ‘Capstone’ to
the series of 21 CCSP synthesis and assessment products
that are being released during the 2006 to 2008 time
period. This Capstone Synthesis and Assessment Product
will incorporate findings from the suite of 21 synthesis
and assessment products, thus will integrate and analyze
CCSP results across the full range of sectors, disciplines,
and cross-cutting issues treated in the synthesis and
assessment products, with a particular emphasis on North

America.

Subsequent sections of this Revised Research Plan
include: 1) an updated statement of vision, goals, and
capabilities consistent with CCSP’s current Strategic Plan
but reflecting both scientific progress and the evolution of
the program based on accomplishments and evolving
socictal and environmental needs; 2) highlights of ways in
which the program is evolving in the context of the
progress made over the years since the 2003 Strategic
Plan was put in place, and a description of recent priorities
that have emerged as a result; and 3) at an integrative
level, a description of research plans for the coming years,
in order to build upon the work envisioned in the Strategic
Plan and begun over the past 4 years.

About the Climate Change Science
Program

The vision of CCSP is:

A Nation and the global community empowered
with the science-based knowledge to manage the
risks and opportunities of change in the climate

and related environmental systems.

The core precept that motivates CCSP is that the best
possible scientific knowledge should be the foundation for
the information required to manage climate variability
and change and related aspects of global change. Thus, the
mission of CCSP is to:

Facilitate the creation and application of knowledge
of the Earth’s global environment through research,

observations, decision support, and communication.
CCSP?s five strategic goals are:
¢ CCSP Goal 1: Improve knowledge of the Earth’s
past and present climate and environment, including

its natural variability, and improve understanding

of the causes of observed variability and change.
¢ CCSP Goal 2: Improve quantification of the forces

bringing about Changes in the Earth’s climate and

related systems.

e CCSP Goal 3: Reduce uncertainty in projections
of how the Earth’s climate and related systems

may change in the future.

e CCSP Goal 4: Understand the sensitivity and
adaptability of different natural and managed
ecosystems and human systems to climate and

related global changes.
* CCSP Goal 5: Explore the uses and identify the

limits of evolving knowledge to manage risks and
opportunities related to climate variability and

change.

These strategic goals provide the overarching
framework for CCSP research, and serve to implement
and augment the research elements outlined in the Global
Change Research Act of 1990 (see Appendix 3 for further
explanation of the relationship between the GCRA
research elements and the CCSP strategic goals).

In working toward these strategic goals, CCSP
employs four core approaches, including:

* Scientific Research: Plan, sponsor, and conduct
research on changes in climate and related systems.

e Observations: Enhance observations and data
management systems to generate a Comprehensive
set of variables needed for climate-related research.

* Decision Support: Dcvclop improvcd science-
based resources to aid decisionmaking,

e Communications: Communicate results to
domestic and international scientific and
stakeholder communities, stressing openness and

transparency.

The first two of these core approaches are
comparatively mature, drawing upon the scientific
strengths of Federal and academic institutions and the
combination of valuable legacy data sets with current
observational, experimental, and modeling capabilities



and future platforms, networks, and data systems. The
2003 Strategic Plan notes that the latter two — Decision
Support and Communications — are arcas where
substantial growth is required, and for which the
development of new capabilities and activities will be
needed. As new scientific information has become available,
it is clear that CCSP is moving from an environment in
which understanding the climate system is the focus to
one in which the focus is balanced among understanding
the climate system and understanding and communicating
the effects of changing climate on the environment and
society. This transition requires CCSP to engage with a
larger number of more diverse consumers of CCSP’s
science, and includes the need for dialog and partnership
with a larger range of agencies, observational system:s,
and cultures than CCSP has engaged in the past. While
substantial progress has been made in these areas over the
past few years, decision support and communications
remain areas of both need and opportunity for CCSP and
for the entire global change community, as pointed out in
the 2007 National Research Council (NRC) report on
CCSP (NRC, 2007a).

In order to understand CCSP’s role in fostering and
coordinating Federally funded U.S. climate change
research, it is important to understand what CCSP is and
the role CCSP has in the Federal government. CCSP has
responsibility for implementing some provisions of the
Global Change Research Act of 1990, but CCSP is not a
Federal agency. Rather, it is a structure and a mechanism
for coordinating and integrating Federal research on climate
and global change, and for making recommendations on
priorities that Federal agencies consider in their planning,
as authorized in the Global Change Research Act of 1990.
Research on global change, including climate change, is
sponsored and/or conducted by 13 Federal agencies
and/or departments that are members of CCSP; CCSP
is open to all agencies that have an interest in climate
change rescarch, including impacts and/or the adaptation
to and mitigation of climate change effects. The CCSP
membership also includes government entities that do not
sponsor or conduct research but which play a critical role
in the Federal research establishment. The latter are the

Office of Science and Technology Policy, the Council on

Environmental Quality, and the Office of Management
and Budget. CCSP encompasses both the U.S. Global
Change Research Program (established by the GCRA)
and the 2001 Climate Change Research Initiative.

CCSP fosters coordination of Federal global change
activities across thematic and cross-cutting elements that
utilize the four core approaches (scientific research,
observation, communication, and decision support)
highlighted above. CCSP also helps to coordinate
international research and cooperation. Member agencies

and departments include the following:
* Department of Agriculture
* Department of Commerce
* Department of Defense
* Department of Energy
* Department of Health and Human Services
* Department of the Interior
* Department of State
* Department of Transportation
¢ Agency for International Development
* Environmental Protection Agency
* National Aeronautics and Space Administration
* National Science Foundation
* Smithsonian Institution.

The program is led by an interagency committee of
senior representatives from the participating departments
and agencies that is responsible for overall priority-setting,
program direction, and management review. The CCSP
Director chairs this committee. Interagency Working
Groups, composed of designated Federal program
managers representing agencies involved in each of the
program’s research and cross-cutting elements, work
together to plan and implement interagency activities and
priorities aligned with CCSP’s goals. CCSP’s research

elements include:
* Atmospheric Composition
¢ Climate Variability and Change / Modeling
¢ Global Water Cycle

* Ecosystems



¢ Land-Use and Land-Cover Change

¢ Global Carbon Cycle

* Human Contributions and Responses.
CCSP’s cross-cutting elements include:

¢ Observations and Data Management

* Modeling

* Decision Support

¢ International Research and Cooperation

* Communication.

CCSP has a single office, the function of which is to
facilitate and support the activities of the Program by
providing value-added staffing and day-to-day coordination
of CCSP-wide program integration, strategic planning,
product development, and communication. CCSP’s
budget process is implemented within the context of the
Federal budget process: budget issues are coordinated by
the CCSP Principals, CCSP Financial Operations Group,
interagency working groups, and other mechanisms, but
ultimate accountability for budgetary matters resides with

CCSP’s participating agencies and departments.

Global change research activities across CCSP’s 13
departments and agencies include research conducted by
scientists in Federal agencies, academia, industry, and
non-profit organizations through a mix of directed and
competed programs. The value of CCSP is in the facilitation
of interagency cooperation and collaboration; thus, some
CCSP accomplishments, while primarily the work of single
agencies, have benefited from and been strengthened
through the perspectives of and ongoing discussion with
other CCSP agencies. Other accomplishments reflect
coordinated efforts among multiple agencies that because
of their scope or size are activities that could not be
undertaken by any single agency. Both types of
accomplishments are important. CCSP provides leverage
for individual agency efforts in global change research
through improved coordination and communication, and
provides an avenue for integrating research across agencies,
and for producing annual reports to Congress that include
both periodic reports on research progress and updated

summaries of future research plans. CCSP also provides

climate-related input to other Federal and Administration
initiatives (e.g., the Ocean Action Plan, the U.S. Group
on Earth Observations), and a way for the Federal climate
change research establishment to assess joint opportunities
and needs for programmatic evolution in response to
changing societal and environmental needs. Scientists
supported by CCSP-participating agencies contribute
scientific expertise, and CCSP itself contributes other
resources to key international efforts, including the
United Nations Framework Convention on Climate
Change (UNFCCC), the synthesis and reporting activities
of the IPCC, the International Council for Science (ICSU),
the World Meteorological Organization (WMO), the
United Nations Environment Programme (UNEP), and

other international partncrships and cooperative activities.

CCSP also supports U.S. participation in the activities
of the IPCC. The IPCC is a scientific intergovernmental
body established by WMO and UNEP to provide
decisionmakers and others with an objective source of
information about climate change. The IPCC periodically
compiles and releases comprehensive, objective, open,
and transparent assessments using the latest scientific,
technical, and socioeconomic literature produced world-
wide to aid in the understanding of intrinsic climate
variability and feedback mechanisms and the risk of
human-induced climate change, its observed and projected
impacts, and options for adaptation and mitigation. The
fourth such analysis, termed the IPCC Fourth Assessment
Report, was released in 2007. In addition to providing
scientific expertise and leadership by CCSP-participating
agency scientists during the drafting and editing process,
CCSP directly supported the activities of the Working
Group ITechnical Support Unit. Via its coordination
office, CCSP managed the U.S. author nomination process,
the Expert and Government Reviews, and the final
government review of the Summaries for Policymakers

forWorking Groups I and II and the Synthesis Report.
CCSP produces a number of key products. First and

foremost, numerous peer—reviewed scientific papers are
published each year by scientists working on research that
falls under the auspices of CCSP. The importance of these

numerous scientific publications is paramount. Without



the significant advances in our understanding of climate
change and climate variability made available through
these publications, there would be no useful information

to communicate to the public or to aid in decisionmaking.

In addition, CCSP produces an annual report to
Congress that provides a yearly update on key scientific
findings and plans for the coming fiscal year. CCSP also
fosters stakeholder and community engagement by
sponsoring workshops, such as the 2005 workshop on
Decision Support that brought together experts and
stakeholders for discussions of climate change and its
impacts and yielded a publicly available report of its
proceedings. As mentioned above, CCSP also contributes
substantial expertise and support to other national and
international assessments, including the TPCC Fourth
Assessment Report (IPCC, 2007a,b,c), the Arctic Climate
Impact Assessment (ACIA, 2005), and many others.

Other key products of the program include the
aforementioned 2003 CCSP Strategic Plan and a series of
21 synthesis and assessment products that are being
produced during the 2006 to 2008 timeframe. The scope
of the synthesis and assessment products was informed in
part by the substantial stakeholder engagement in the
carlier strategic planning process. These synthesis and
assessment reports provide in-depth ‘state of the science’

information responsive to the CCSP overarching strategic

4 See <www.climatescience.gov/workshop2005/finalreport>.

goals and related to specific national, regional, and sectoral
issues (see Appendix 1 for a listing and description of
these products, and <www.climatescience.gov/Library/
sap/sap-summary.php> for information on available
products and the status and timelines of products in
preparation).

CCSP adds value to Federal agency efforts in climate
change research and related activities by providing a
structure and coordination mechanism for global change
activities, resulting in strong leveraging of individual agency
efforts through increased cooperation, collaboration, and
the ability to jointly develop priorities that Federal
agencies can consider in their planning, This facilitation
and cooperation will continue and strengthen as CCSP
improves its capability in communication and decision
support, and will allow Federal global change endeavors
to continue to do more than individual agencies could do
separately, to increase the impact of accomplishments,
and thus to provide additional worth to stakeholder

communities and the public.
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II. Climate Change
Science Program
Planning

CCSP maintains an ongoing planning process to determine
near-term objectives and interagency targets of opportunity
as well as long-term strategic directions. This Revised
Research Plan reflects the short-term (1-3 year) direction
of the program, and thus provides an update for the period
2008 to 2010. It is an interim product of the ongoing
CCSP strategic planning process.

To develop its near-term plans, CCSP utilizes a
number of internal and external review processes to
develop priorities, to assess progress, and to identify areas
needing additional focus. CCSP principal representatives
of participating agencies meet on a regular basis to discuss
agency perspectives and priorities, to develop, implement,
and evaluate the program’s activities, and to assess
progress. Individual member agencies develop and
implement their own priorities that emerge from agency
direction and agency stakeholder engagement, and they
make a substantial contribution to the achievement of

CCSP’s strategic goals.

The program’s interagency working groups (IWGs)
also meet regularly to bring together the program
managers responsible for implementing their individual
agencies’ research programs as they pertain to CCSP
research, cross-cutting elements, and core
approaches (a description of
cach IWG, including
membership
and

objectives, is available on the CCSP website
<climatescience.gov>). Some IWGs convene Science
Steering Groups composed of members of the relevant
scientific communities as an additional means of increasing
communication with those communities. IWGs also
develop annual interagency implementation priorities in
which they identify research activities that require
cooperation and collaboration among member agencies
and that are aligned with the science and cross-cutting
clements defined in the Strategic Plan. These interagency
implementation priorities are often multidisciplinary,
highly integrative, and speak to not just one, but a
combination of CCSP strategic goals. Implementation of
these interagency priorities can result in joint funding
solicitations, joint field campaigns, workshops, and other
efforts. The combination of individual agency activities,
interagency activities, international activities, and
stakeholder engagement and outreach activities form the
bulk of CCSP’s progress toward its goals. Each year, the
preparation of CCSP’s annual report to Congress provides
a means of self-evaluation as program accomplishments

and gaps are reviewed relative to goals.

To inform its planning, CCSP also secks, funds, and
receives periodic evaluations from NRC ad hoc
committees and standing
committees
established
for that



purpose. Recent NRC reports and assessments include
Thinking Strategically: The Appropriate Use of Metrics for the
Climate Change Science Program (NRC, 2005), Evaluating
Progress of the U.S. Climate Change Science Program: Methods
and Preliminary Results (NRC, 2007a), and Analysis of Global
Change Assessments: Lessons Learned (NRC, 2007b) from the
Committee on Strategic Advice on the U.S. Climate
Change Science Program. CCSP also secks stakeholder
and community engagement and guidance through
workshops, listening sessions, and public comment

periods for key documents.

CCSP conducts long-term planning to determine the
program’s strategic directions. The last strategic planning
effort resulted in the development of CCSP’s 2003
Strategic Plan, which set the program’s vision and goals
for the period 2003 to 2013. In order to respond to the
rapidly evolving needs of science and society, the program
has now begun a new effort in long-range planning, with

the goal of developing CCSP’s next strategic plan.
The program has appointed an IWG charged with

managing the strategic planning process. This group meets
regularly to move toward the development of a new long-
term strategic plan that will serve as the successor to the
2003 document. Among the tasks undertaken by this group
are to assess progress, to identify areas of potentially
greater emphasis for the future, to develop mechanisms
for engaging a wide range of stakeholders and for
informing planning through internal processes, and

to begin to identify the building blocks that will

comprise the new strategic plan. CCSP

historically has utilized, and will continue

to utilize, multiple inputs to inform its

planning pI'OCGSS :

* Stakeholder Input: CCSP will
continue to utilize scientific
advisory groups that support
individual agencies, science
steering groups organized to
coordinate different CCSP
research elements, and open
dialog with the domestic and
international scientific and user
communities interested in global
change issues. CCSP also conducts
stakeholder workshops on specific
topics [e.g;, the 2005 Workshop on
Decision Support (CCSP, 2005)]. As

discussed in Section I, CCSP sees an immediate

need for, and therefore intends to engage with, a
broader range of more diverse consumers of
CCSP’s science than in the past, and to develop
dialog and partnerships with a wide variety of
stakeholders.

The National Research Council: CCSP funds an
NRC committee to provide independent, high-
level, integrated advice on the strategy and
evolution of the program. The committee’s first
report (NRC, 2007a) included findings and
recommendations on the process for evaluating
progress toward the five CCSP goals and a
preliminary assessment of progress to date. The
second report will identify priorities to guide the
future evolution of the program in the context of
established scientific and societal objectives. CCSP
also relies on other NRC committees that focus on
particular components of climate science and the
climate system (e.g., NRC, 1999, 2000, 2001a,b;
and the Climate Research Committee and the
Committee on the Human Dimensions of Global
Change) to help shape CCSP’s programmatic
evolution and prioritization. For example, the
NRC recently produced a report on global change
assessments at the request of CCSP
(NRC, 2007b).
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¢ International Collaboration and Partnerships:

CCSP participates in and supports a wide range of
international cooperative activities related to
global change and climate change research,
including WMO, UNEP, the World Climate
Research Programme (WCRP), the International
Geosphere-Biosphere Programme (IGBP), and the
Global Earth Observations System of Systems
(GEOSS), and relies on these activities to assist in
providing global context to its efforts. By
developing both conceptual and research
frameworks, international research programs
provide models that aid U.S. program managers in
planning and coordinating their efforts, and help

to leverage research and synthesis opportunities.

Climate Changc Assessments: CCSP supports and
contributes to the IPCC assessment process as
well as producing its own series of synthesis and
assessment products. CCSP also participates in
other assessments, including the development of a
scientific assessment as required by the GCRA in
parallel with this Revised Research Plan, and
related activities that provide input to CCSP’s on-
going program development. The results of these
syntheses help to define the program’s future
directions by discussing knowledge gained as

well as identifying crucial knowledge gaps and
assessments of impacts, risks, and opportunities.

At the highest conceptual level, CCSP’s five strategic
goals provide focus and facilitate programmatic integration
across CCSP’s 13 agencies and departments. These goals
together with CCSP’s four core approaches encapsulate
the full range of climate-related issues, from basic
observations, monitoring, and research to improve
process understanding, modeling, and forecasting,
vulnerability analyses, and other “human dimensions” of
climate change, to decision support and communication
of results and impacts. The program’s detailed objectives,
milestones, products, and payoffs, as articulated in the
2003 CCSP Strategic Plan, serve as foci for the
implementation and integration of CCSP’s overarching
goals by its IWGs, which are organized around the
program’s identified research elements and cross-cutting
clements. CCSP-participating agencies and departments
coordinate their work through these discipline-related
‘research elements,” which together support scientific
observations and research across the gamut of
interconnected issues of climate and global change. The
four cross-cutting elements — observations and monitoring,
decision support, communications, and international
activities — address issues pertinent to all research

elements.
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I11. Highlights of
Progress: 2003 to 2007

Significant progress has been made in many areas of climate
change research, as evidenced by the development of
recent syntheses including the IPCC Fourth Assessment
(IPCC, 2007a,b,c) and CCSP’s synthesis and assessment
products. Both of these efforts required the existence of
relatively mature scientific research, substantial archives
of environmental data, and robust modeling capabilitics, a
substantial portion of which were developed under CCSP
auspices. Scientific progress has been substantial. The
accomplishments of the past 4 years have led not just to
advancement of scientific knowledge, but just as importantly,
to the evolution and refinement of the science questions
and approaches needed for current and future global
change rescarch, and to the improved delivery of robust

scientific information for decisions and response strategies.

Substantive progress in CCSP Strategic Goals 1
through 3 is a required component of progress in many
areas associated with Goals 4 and 5, since effective
vulnerability analyses, human dimensions research, and
decision support require reliable basic data, a clear
understanding of processes, and projections whose
uncertainties are well characterized. Key progress during
2003 to 2007 reflects this, with the greatest
accomplishments showing in Goals 1, 2, and 3. In the
coming years, CCSP will have both the need and the
opportunity to advance research in Goals 4 and 5, while
Goals 1 through 3 will continue to be important in order
to provide a solid scientific foundation for breakthroughs
in key areas of uncertainty and ever greater refinement of
models, leading to better predictive capabilities and more
robust tools for scientifically sound decision support,

assessment of vulnerabilities, and management of risks.

What follows here is a brief, goal-by-goal summary of
key accomplishments and progress by CCSP and its
participating agencies. CCSP studies include those that
are funded and reported by participating agencies cither
singly or jointly as part of their contribution to the
program. More specific and detailed information on these
accomplishments can be found in each issue of CCSP’s
annual report to Congress. The reader should note that the
accomplishments discussed are examples and highlights
only; they do not capture the full breadth and scope of
CCSP research. They represent important progress on
key questions, but in most cases they do not purport to be

the definitive answers to these questions. Rather, these

individual studies are part of the larger body of research
that provides insights into important processes and that
results in the evaluation, refinement, and evolution of both
results and questions by the larger scientific community,

which in turn moves science forward.

Goal 1: Improve knowledge of the
Earth’s past and present climate and
environment, including its natural
variability, and improve
understanding of the causes of
observed variability and change.

CCSP research requires a solid foundation of scientific
observations, long-term monitoring data, and analyses of
these data to provide a better understanding of Earth
system processes, to understand Earth’s past and present
climate and the magnitude and extent of climate variability
and change, and to test and to improve models. Analyses
of collected observations and monitoring data underpin
all aspects of climate system study. In the past few years,
key analyses of collected data have provided important
insights into understanding the nature and variability of
the Earth system.

One example of a body of work with profound impact
is the progress made in understanding temperature and
moisture changes at continental scales, and in understanding
the magnitude of climate change at high latitudes in the
Arctic and Antarctic regions of Earth. Analysis of temperature
and moisture records together with satellite images and
ground-based measurements for North America and
Europe show that both continents are experiencing earlier
transitions from winter to summer, and that warmer
spring temperatures are causing earlier spring green-up of
vegetation and contributing to longer growing seasons
overall (Dirmeyer and Brubaker, 2006). Observations in
the western United States indicate that the annual peak in

spring river runoff is occurring earlier in the season and is



supplying less water during the growing season (Mote et al.,
2005). Satellite, airborne, and ground-based observations
suggest that significant changes are occurring in the mass
balance of the Greenland and Antarctic Ice Sheets that are
inferred to be caused by warming at high latitudes
(Rignot and Kanagaratnam, 2006; Velicogna and Wahr,
2006). New satellite-based observations of the polar
regions indicate significant reductions in the volume of
the Greenland Ice Sheet (Velicogna and Wahr, 2005),
declining Arctic sea ice cover, and loss of ice mass in
Antarctica despite no measurable change in snowfall over
the last 50 years (Monaghan et al., 2006; Velicogna and
Wahr, 2006). The IPCC Fourth Assessment concludes that
it is likely that there has been significant anthropogenic
warming over the past 50 years averaged over each
continent except Antarctica (IPCC, 2007a).

Another key temperature finding comes from the
body of analytical work reported in CCSP Synthesis and
Assessment Product 1.1, Temperature Trends in the Lower
Atmosphere: Steps for Understanding and Reconciling Dg’ﬁrerences
(CCSP, 2006). Previously reported data showing
discrepancies between the amounts of warming near the
surface and higher in the atmosphere have been used to
challenge the reliability of climate models and the reality
of human-induced global warming, In these earlier
observations, surface data showed substantial global-
average warming, while early versions of satellite and
radiosonde data showed little or no warming above the
surface. Errors in the satellite and radiosonde data have
been identified and corrected, resulting in better estimates
of temperature trends. For recent decades, all current
atmospheric data sets now show global-average warming
that is similar to the surface warming. A next step is to use
the current data and recent syntheses to improve climate-
modeling results: while these observations are consistent
with the results from climate models at the global scale,
further work is needed to resolve remaining discrepancies
in the tropics. Thus, while these observations and modeling
results have provided increased scientific confidence in
our understanding of observed climatic changes and their

causes, areas of significant work remain.

It is critical to observe and understand variations in
the average state of particular climate parameters like
temperature and precipitation, but it is equally important
to understand natural variability and changes in the
frequency or intensity of extreme events like drought and
unusually wet conditions. CCSP researchers have made
progress in understanding the climate system’s natural

variability. One of the most well-known variability events

is the El Nifio phenomenon, which recurs on a time scale
of approximately 2 to 7 years and involves a warming of
the eastern tropical Pacific in combination with changes
in atmospheric circulation. Recent research links decadal
changes in this pattern to droughts and wet conditions
over North America and suggests that a portion of such
decadal changes may be predictable (Seager et al., 2005).
Additional recent accomplishments on the topic of
drought used the geologic record to reconstruct drought
history over the past millennium, using proxy records
derived from tree rings and sediment cores (Cook et al.,
2004). This research indicates that recent U.S. droughts in
the west, while severe enough to cause substantial
impacts to society, are relatively minor in comparison to
naturally occurring droughts over the past 1,000 years.
Interpreting changes in the characteristics of extreme
events remains one of CCSP’s ongoing research frontiers.

Additional work on atmospheric conditions provided
an improved understanding of climate influences on ozone
distribution. Using satellite measurements corroborated
by surface measurements, a recent study found increases
in ozone in the Antarctic middle stratosphere during
Southern Hemisphere summer (December). Model
simulations showed that these increases were caused by the
delayed transition from dynamic springtime conditions to
more stable summer conditions due to the springtime
ozone hole. The lengthening of less-stable springtime
dynamics forces the descent of ozone-rich air from higher
levels of the atmosphere to the lower mid-stratosphere
(about 30 km altitude). The same study also found that
future greenhouse gas increases would produce similar
ozone increases (Stolarski et al., 2006). Another study
found that a doubling of atmospheric carbon dioxide
(CO,) caused a strengthening of the atmospheric
circulation responsible for the global distribution of
ozone. The results of this study indicate that total ozone
will increase at high latitudes of the Northern and Southern
Hemispheres, and decrease in the tropics (Jiang et al.,
2007). Long-term data sets have been developed to
provide information sufficient to test the skill of general
circulation models at predicting radiative heating and
cloud feedbacks (Mace, 2006a,b). The accuracy of
measurements has been greatly improved to better
evaluate model simulations (Turner, 2007; Turner et al.,

2007).

Oceans, too, are experiencing change. Declines in
Arctic sea ice have been observed both in situ and by
satellites. Observations of global sea-level increases are

consistent with the declining volume of land ice as well as
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observations of ocean warming, which contributes to sca-
level rise by expanding ocean volume. Observations of
the North Atlantic indicate a reduction in salinity (Curry
and Mauritzen, 2005), which climate system models
indicate may lead to a slowdown of the large-scale ocean
circulation that transports heat to high-latitude regions
(Stouffer et al., 2006a). Global-scale observations of
ocean temperature indicate a pattern of warming that is
generally consistent with climate model projections of
greenhouse warming (Barnett et al., 2005). In the past
decade, measurements from a variety of platforms,
including satellites and ocean buoys, show warming in the
top layers of the ocean, with strong evidence that the
warming is due to increases in human-produced greenhouse
gases (IPCC, 2007a). These data are significant because
ocean heat storage is the largest component of the Earth’s
climate system for storing the energy imbalance between
the sources and sinks of thermal energy. Even though the
methods of observations are quite different, the fact that
the magnitude and annual variability of the satellite-
derived energy imbalance and the ocean heat storage
match lends confidence to the interpretation of the

underlying climate process.

The global ocean is a large and important carbon
reservoir that regulates the uptake, storage, and release of
CO,, methane, and other climate-relevant chemical
species to the atmosphere. The future biogeochemical
behavior of this reservoir is quite uncertain because of the
potential anthropogenic impacts on many ocean
processes, in particular the impact of ocean circulation on
carbon exchange and the impact of ocean acidification on
the physiology, function, and structure of the complex
and diverse ocean ecosystem. CCSP research has found
that the ocean’s ability to remove more CO, from the
atmosphere will be impaired with warmer temperatures.
Both the absorption of anthropogenic CO, and the
deposition of acid rain from fossil fuel and agricultural
emissions can contribute to the acidification of the global
ocean, altering surface seawater acidity and inorganic
carbon storage. Researchers have compared these inputs
and concluded that (1) acid rain contributes a minor
amount (2%) of acidity compared to the ocean uptake of
anthropogenic CO,, although this value likely represents
an upper limit, and (2) the decrease in surface alkalinity
from acid rain drives a net air-sea release of CO,,
reducing surface dissolved inorganic carbon (DIC). Total
alkalinity and DIC changes mostly offset each other,
resulting in a small increase in surface acidity. Additional

impacts arise from atmospheric nitrogen deposition,

leading to elevated primary production and biological
drawdown of DIC that in some places reverses the sign of
the surface acidity and air-sea CO, exchange. On a global
scale, the alterations in surface water chemistry from
anthropogenic nitrogen and sulfur deposition are a few
percent of the acidification, although the impacts are
more substantial in coastal waters, where the ecosystem
responses to ocean acidification could have the most
severe implications for humans (Bates and Peters, 2007;
Doney et al., 2007).

Goal 2: Improve quantification of
the forces bringing about changes in
the Earth’s climate and related
systems.

It is essential to understand the factors responsible for
global environmental change in order to make long-term
climate projections. These forcing factors include changing
levels of greenhouse gases, land-cover changes, airborne
dust and other particles (acrosols), and solar variability.
CCSP rescarch gives considerable attention to identifying
and quantifying the effects of these forcing factors, and to
understanding the ways in which factors cause feedbacks
among Earth systems. As in the previous goal, the following
examples of progress toward CCSP Goal 2 result from

the integrated focus of multiple CCSP research elements.

Climate and the global carbon cycle are a tightly coupled
system where changes in climate affect the transfer of
atmospheric CO, to the terrestrial biosphere and the
ocean, and vice versa. An important conclusion of recent
carbon cycle research is that future warming is likely to
lead to a further decrease in the efficiencies of land and
ocean in absorbing excess CO,, resulting in more of the
emitted CO, remaining in the atmosphere (i.e., a positive
feedback) (Fung et al., 2005). This assessment is based on
advances in U.S. and global carbon observations and
improvements in carbon cycle models. Controlled
experiments on carbon uptake and release in ecosystems
are one means of improving our understanding of carbon
cycle dynamics, which can contribute to corresponding

carbon cycle model improvements. For example,



Free-Air Carbon Dioxide Enrichment experiments, in
which CO, is purposely injected into the air around a
small plot of land, have led to the understanding that the
mass of carbon in ecosystems initially tends to increase
when exposed to increased levels of CO, (Jastrow et al.,
2005; Norby et al., 2005). This increase may be limited
by the availability of nutrients, although a comprehensive
meta-analysis indicates that nitrogen supply generally
keeps pace with plant demands in natural systems (Luo
etal., 2006). Other controlled experiments in which
ccosystems are purposely warmed generally indicate
greater ecosystem CO), release with higher temperatures.
However, there are still significant uncertainties associated
with the biospheric response to climate change, particularly
with respect to the complex and dynamic nature of
ecosystems and their interactions with climate and the
hydrologic cycle.

CCSP has also made significant advances in
understanding the processes responsible for the production
and destruction of other greenhouse gases, including
methane and nitrous oxide. For example, recent analyses
suggest that approximately 60% of all methane emissions
from wetlands may occur in the tropics (Melack et al.,
2004). In polar regions, recent studies have elucidated
processes by which carbon, currently trapped either as
organic matter or methane hydrates in the permafrost
(frozen soil), is released to the atmosphere (Zimov et al.,
2006). Warming increases these releases and can create an
amplifying feedback loop of climate forcing. A new long-
term, global reference for greenhouse gas stabilization
scenarios and an evaluation of the process by which
scenarios are developed and used was produced in 2007.
This publication, Synthesis and Assessment Product 2.1,
consists of two parts. Part A, Scenarios of Greenhouse Gas
Emissions and Atmospheric Concentrations, uses computer-
based scenarios to evaluate four alternative stabilization
levels of greenhouse gases in the atmosphere and the
implications for energy and the economy of achieving
each level. Part A includes stabilization scenarios for six
primary anthropogenic greenhouse gases — CO,, nitrous
oxide, methane, hydrofluorocarbons, perfluorocarbons,
and sulfur hexafluoride — and uses updated economic and
technological data and new tools for scenario development.
Although these scenarios should not be considered
definitive predictions of future events, they provide
valuable insights for decisionmakers. Part B, Global
Change Scenarios: Their Development and Use, examines how
scenarios have been developed and used in global climate

change applications, evaluates the effectiveness of current

scenarios, and recommends ways to make future scenarios
more useful. Part B of the report concludes that scenarios
can support decisionmaking by providing insights regarding
key uncertainties, including future emissions and climate

as well as other environmental and economic conditions.

With mounting concern that human activity is altering
our environment, not just at the surface, but also in the
extended atmosphere, it becomes increasingly important
to improve our knowledge of all natural forcings on
Earth. Over the past several centuries and longer term,
the two main natural forcings have been solar variability
(warming and cooling) and volcanic activity (cooling).
The Solar Radiation and Climate Experiment (SORCE)
mission has provided new insights on the solar forcing with
SORCE making the most accurate measurements of the
total solar irradiance (TSI) and the first daily observations
of the solar spectral irradiance (SSI) in the visible and near
infrared. During the past 11-year solar cycle, the Sun’s
increased brightness at solar maximum warmed the
Earth’s atmosphere by about 0.1°C in the 10 km nearest
to the surface (the troposphere), 1°C near 50 km in altitude
(at the top of the stratosphere), and 400°C at an altitude
of 500 km in the thermosphere. Currently the Sun is at
solar minimum, and the TSI observations indicate that the
solar brightness has decreased by about 0.02% over the
past decade (Woods and Lean, 2007). This result suggests
that the solar forcing could reduce slightly the larger
global warming trend due to human-induced greenhouse
gases (e.g., burning of fossil fuels). Continued observations
of the solar irradiance, such as by SORCE, are key to
understanding the long-term solar changes that provide a

natural forcing to climate change.

One of the largest uncertainties in projections of
potential future climate change is the role of acrosols.
Recent research has reduced some of this uncertainty, in
part through efforts made possible by CCSP. In the first
phase of preparing the synthesis and assessment report
that deals with aerosol properties and their impacts on
climate, a comprehensive paper has been published that
reviews recent progress in characterizing acrosols and
assessing their direct effect on climate change (Yu etal.,
2006). This work, as well as other studies that will be
published in 2008 as part of CCSP Synthesis and Assessment
Product 2.3, Aerosol Properties and Their Impacts on Climate,
served as a major resource in the preparation of the IPCC

Fourth Assessment Report.

A diverse array of laboratory studies, field experiments,
and modeling efforts have better defined acrosol formation

processes, their properties, and their abundances. These
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studies involved multiple agencies, universities, observation
platforms, and field teams deployed in multiple locations
including Mexico City, the Gulf of Mexico, the Sahara,
and other locations. Among the results of these activities
are measurements that show a higher than expected
formation of organic acrosols within the atmosphere, which
could potentially have a cooling effect; demonstration of the
influence of aging and composition on aerosol properties,
and the ubiquity of absorbing (warming) aerosols and
black carbon in the atmosphere; and the first well-sampled
direct evaluations of the effects of a major Saharan dust
storm on solar and thermal radiation across the atmosphere,
which in turn has provided a way for researchers to test
their understanding of how dust affects the radiant energy
budget of the atmospheric column. This information is a
key component in computer models that simulate both
regional and global weather and climate. Taken together,
the information resulting from these activities will enable
more accurate calculation of aerosol influences on climate
through their effects on absorption and scattering of light,
as well as the indirect effect of acrosols through the
alteration of clouds (both water and ice). This in turn will
lead to more accurate model estimates of the climatic role
of aerosols and a better understanding of radiative forcing
of climate change by lower-atmosphere ozone and acrosols,

which will ultimately lead to improved climate projections.

Land use and land cover affect the global climate system
through biogeophysical, biogeochemical, and energy
exchange processes. Variations in these processes due to
land-use and land-cover change in turn affect local,
regional, and global climate patterns. Key processes
include uptake and release of greenhouse gases by the
terrestrial biosphere through photosynthesis, respiration,
and evapotranspiration; the release of acrosols and
particulates from surface land-cover perturbations;
variations in the exchange of sensible heat between the
surface and atmosphere due to land-cover changes;
variations in absorption and reflectance of radiation as
land-cover changes affect surface reflectance; and surface
roughness effects on atmospheric momentum that are
land cover dependent. Human activity can and does alter
many of these processes and attributes, but weather and
climate, as well as geological and other natural processes,
are also important. For example, land-cover changes such
as deforestation and forest fires alter ecosystems and
release CO,, methane, carbon monoxide, and aerosols to
the atmosphere. They also change the reflectivity of the
land surface, which in turn determines how much of the

Sun’s energy is absorbed and thus available as heat, while

vegetation transpiration and surface hydrology determine
how this energy is partitioned into latent and sensible heat
fluxes. At the same time, vegetation and urban structure
determine surface roughness and thus air momentum and

heat transport.

Examples of important research progress in
understanding these factors and forcings include studies on
the effects of urbanization and agricultural development
on air temperature, and on the remote assessment of the
effects of land-use variables linked to climate forcings in
the midwestern United States and in Central America. For
instance, researchers exploring the effects of urbanization
and agriculture on regional climate found that irrigated
agriculture in California tended to lower average and
maximum near-surface air temperatures, while conversion
of natural vegetation to urban areas tended to increase
near-surface air temperatures. The surface temperature
changes and their associated effects on the atmosphere
also caused changes in the regional airflow. Overall, it was
found that conversion of natural vegetation to irrigated
agriculture has likely had a larger effect on the climate of
California than urban growth, but increased conversion of
irrigated land to urban/suburban development could

alter this conclusion (Kueppers et al., 2007).

Similarly, crop type, yield, and land management affect
the balance of greenhouse gas fluxes from land cover in
the midwestern United States. The magnitude of surface
changes such as tillage intensity affects residue cover and
thus the moisture and radiation energy balances at the land
surface through changes in evaporation and reflectance.
However, these distinctions are difficult to assess across
landscapes. Scientists working in lowa have developed a
method using Landsat Thematic Mapper and EO-1
Hyperion imaging spectrometer data to classify tillage
intensity in cropland (Daughtry et al., 2006). A
methodology has also been developed for observing
changes in tropical forest cover over large areas using data
with high temporal frequency from coarse-resolution
satellite imagery. Proportional forest cover change is
estimated from multi-spectral, multi-temporal Moderate-
resolution Imaging Spectroradiometer (MODIS) data that
are transformed to optimize the spectral detection of
vegetation changes. This methodology has been applied
using MODIS data in Central America. Landsat data are
also used to record higher detail changes in forest cover in
Central America. This work describes the distinct patterns
of change from year to year due to land-cover changes
resulting from forest clearing, regeneration, and changes in

climate. It was found that the ability to detect forest cover



change patterns using this methodology was relatively
independent of the spatial resolution of the data. Associated
model simulations indicated that the best metrics for
detecting tropical forest clearing and regeneration are the
shortwave infrared information from the MODIS data at
500-m resolution. Errors were found to range from 7 to
11% across the time periods of analysis (Hayes and
Cohen, 2007).

Another important recent advance is the improved
understanding of carbon cycling. A key component of the
Nation’s integrated carbon cycle research is the North
American Carbon Program (NACP), the central objective
of which is to measure and understand the sources and
sinks of CO,, methane, and carbon monoxide in North
America and in adjacent ocean regions. Work conducted
by NACP researchers and others has provided improved
estimates of the amount of carbon being sequestered in
North America and globally, and in particular, how the
rate of carbon uptake is changing in all ecosystems. These
estimates are made through the innovative combination
of carbon cycle models and observations of carbon

concentrations and isotopes (Fung et al., 2005).

An evaluation of North American carbon sources

and sinks was generated as part of CCSP’s Synthesis and
Assessment Product 2.2, The First State of the Carbon Cycle
Report (SOCCR): North American Carbon Budget and Implications
for the Global Carbon Cycle. A key finding of this report is
that, in 2003, North American terrestrial carbon sinks
removed approximately 520 million metric tons of carbon
per year (£50% with 95% confidence) from the
atmosphere, which is equivalent to approximately 30%

of North American fossil fuel emissions in 2003.
Approximately 50% of the sink is due to the regrowth of
forests in the United States on former agricultural land
and on forested land recovering from harvest. This sink is
expected to decline. As forests mature, they grow more
slowly and take up less carbon from the atmosphere. The
current source to sink imbalance of more than three to
one (ratio of fossil fuel emissions to net terrestrial carbon
uptake) and the potential trend of increasing sources and
decreasing sinks suggest that addressing imbalances in the
North American carbon budget will likely require actions
focused on reducing fossil fuel emissions. Options focused
on enhancing carbon sinks in soils and vegetation can
contribute as well, but their potential is far from sufficient
to offset current fossil fuel emissions. Work of this nature
is important for assessing the efficacy of natural carbon
uptake, as well as the potential for purposeful carbon

capture in managed ecosystems (CCSP, 2007a).

Observations of ocean carbon are important for
addressing uncertainties associated with the global carbon
budget. New global scale ocean carbon analyses indicate
increasing carbon concentrations in ocean water. In addition
to confirming the oceans as a significant carbon sink, this
information is also being used to estimate the increase in
ocean acidity caused by increasing amounts of dissolved CO,
and the potentially deleterious consequences for marine
ecosystems (Orr et al., 2005). Recent measurements of
carbon sedimentation along continental shelves have shown
these regions to be responsible for a significant fraction of

oceanic carbon uptake (Muller-Karger et al., 2005).

Recent climate warming has been particularly intense
in boreal and Arctic regions, leading to concern that
increasing air temperature in these ecosystems may
indirectly increase the incidence of forest fires. Longer
growing scasons lead to increased fire fuel loads, and
increased temperatures can lead to drier conditions. In turn,
fire provides rapid release of carbon and produces aerosols
that affect atmospheric conditions. Beyond the emission
of CO, and other greenhouse gases, understanding the
consequences of large-scale fires for climate is challenging
due to the many additional ways in which they influence
the atmosphere and surface. A recent study in Alaska found
that there was intensification in the climate warming in the
first year after a major fire but a slight decrease in the
local climate warming when averaged over the 80 years of
the study. The long-term result, which was primarily due
to plant regrowth increasing the summer reflectivity of
the burned surface, appeared to be more significant than
the fire-emitted greenhouse gases (Randerson etal., 2006).
The study results suggest that possible future increases in
wildfire in some parts of the boreal zone of Alaska may
have different feedbacks to global warming than
previously thought.

Scientists are also studying the possibility that
increased permafrost thawing due to warming in Arctic
regions could cause the release of substantial amounts of
carbon long held in the frozen tundra. There appear to be
two potential mechanisms for the carbon to reach the
atmosphere: drainage of the carbon-rich river flow into
the Arctic Ocean with subsequent emission, and direct
respiration or recycling of the newly released carbon.
Measurements made in the Yukon River Basin in northern
Canada have shown that the latter process predominates
(Guo and Macdonald, 2006). These results have significance
for understanding both the movement of carbon through
Arctic landscapes, and the potential effects of that carbon

on ecosystems and the atmosphere.
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CCSP’s interdisciplinary research on the carbon cycle
has also produced a set of analyses using long-term
observations of several young and mature forests. Results
from this work show that forest carbon storage has been
increasing in these ecosystems and is not in balance with
the carbon lost by respiration and decay. This result is
contrary to the contemporary concept of near balance
of carbon sources and sinks in mature forests (Zhou et
al., 2006). The gain in forest carbon is typical of
findings from U.S.-based large-scale networks, as well
as observations made in mature forests in China.
Evidence is therefore mounting that these sinks for
atmospheric CO, offer significant potential for
modulating the rate of atmospheric CO, increase
(Urbanski et al., 2007).

Goal 3: Reduce uncertainty in
projections of how the Earth’s
climate and related systems may
change in the future.

Uncertainty provides a measure of the confidence that can
be placed in forecasts of future climate and related Earth
systems. Reducing uncertainty is crucial to providing
decisionmakers with useful, reliable tools for assessing
strategies for adaptation, mitigation, and other forms of
risk reduction. However, the wording of the goal is in-
complete: “reducing uncertainty” is only part of the story.
Improving the projections themselves and understanding
both the nature and implications of uncertainties are
equally important, as noted in the NRC Metrics report
(NRC, 2005). The thrust of this goal is therefore to
improve projections, and to characterize their uncertainty,
in order to improve the utility of projections of how the

Earth’s climate and related systems may change in the

future in response to natural and human-induced forcings.

CCSP has significantly advanced the ability to estimate
future Earth system conditions at time scales ranging
from months to centuries and at spatial scales ranging
from regional to global. The primary tools for Earth
system prediction and projection are computer models
that reflect the best available knowledge of Earth system

processes. Rcducing uncertainty requires continual

integration of observations and modeling across the full

range of climate and Earth systems research.

When recent model simulations of the climate of the
past 100 years are compared to observations, the results
generally indicate improvements over previous generations
of models, including the ability to represent weather
systems, climate variability (e.g., monsoons, El Nifio),
ocean processes (¢.g., the Gulf Stream), surface hydrology,
and other Earth system processes, components, and
dynamics (Collins et al., 2006; Schmidt et al., 2006).
One of the ways in which these models have advanced is
through improvements in the representation of the
processes responsible for key Earth system feedbacks
such as those associated with water vapor, clouds, sea ice,
and the carbon cycle (Delworth et al., 2006; Gnanadesikan
etal., 2006; Wittenberg et al., 2006). A significant
improvement in representing the vertical cloud structure
in mixed-phase clouds in climate models was achieved by
explicitly treating ice formation and liquid conversion to
ice via the Bergeron-Findeisen process (Liu et al., 2007).

For a model to produce a realistic climate projection,
it must include realistic representations of physical
parameters such as cloudiness, precipitation, and solar
spectral irradiance. Understanding the influence and
feedbacks of clouds on climate has proven to be a
challenging task for scientists worldwide, but progress is
being made. Recent innovative studies using newly
developed, detailed models of cloud processes coupled with
a global climate model provide results that are significantly
more consistent with observations than traditional cloud-
modeling techniques (Ovtchinnikov et al., 2006). The
incorporation of improved cloud representation in
climate models is expected to reduce the uncertainty in
predictions of the global and regional water cycle and

surface climate.

Clouds are a major component in the global
reflectance of sunlight, and energy from the sun not
reflected back to space provides the driving energy to
Earth’s weather and climate systems. Year-to-year
variability in the global reflectance is dominated by the
variability of cloudiness in the tropics; but, on the other
hand, scientists have recently found little change in the
year-to-year variability of reflectance at middle and high
latitudes despite decreases in the highly reflective snow
and sea ice cover. This result appears to be due to the
compensating increase in cloud cover balancing the
decreasing surface-level reflectance (Loeb et al., 2006).
Clouds continue to provide the largest source of

uncertainty in model estimates of climate sensitivity,



although a recent study finds evidence that, in most climate
models used in the IPCC Fourth Assessment Report, clouds
provide a positive feedback (Soden and Held, 2006).

The magnitude of future warming will be strongly
influenced by both the extent to which atmospheric
water vapor concentration increases in response to an
initial warming caused by increases in CO, and other
greenhouse gases and the extent to which increasing
water vapor affects clouds and their radiative properties.
An accurate representation of this feedback in climate
models is critical for making long-term climate projections.
Recent innovative analyses have shown that water vapor
increases in the upper atmosphere measured by satellites
and balloon-borne sensors are generally consistent with
state-of-the-art climate model simulations, lending
credence to the ability of current models to represent the
water vapor feedback (Fu and Johanssen, 2005).

Analyses of climate model simulations generated for the
IPCC Fourth Assessment have identified several additional
characteristics of climate change projections common to
all of the models (Held and Soden, 2006). Examples of
these robust model projections include strong subtropical
drying, weakening of large-scale tropical atmospheric
motions, and expansion of the poleward upper atmos-
pheric wind pattern known as the Hadley circulation. In
another study, several models were used to investigate the
effects of the freshwater input from melting ice and gla-
ciers on the currents in the North Atlantic (Stouffer et al.,
2006a). These currents are important due to their large-
scale transport of heat. The study concluded that, in
response to expected levels of freshwater input in the
northern North Atlantic, the average modeled large-
scale deep ocean current weakens by about 30% by the
end of the century. All models simulate some weakening
of this deep circulation, but no model simulates a

complete shutdown.

CCSP rescarchers also use the geological record to
test and apply climate models, particularly in cases where
that knowledge has a bearing on climate change processes
relevant to current society. For example, the mid-Pliocene
provides an unequaled paleoclimatic laboratory to test the
sensitivity of the physical models that we rely upon for
estimating the magnitude and spatial variability of future
warming, Estimates of mid-Pliocene (~3.0 million years
ago) global warming suggest that temperatures were 2°C
greater than today (Haywood and Valdes, 2004; Dowsett
ctal., 2005). This level of warming is within the range of
the IPCC estimates of global temperature increases for

the 21st century, and no other time period in the past

3 million years approaches this level of warming, Scientists
have identified many of the primary forcing mechanisms
that contribute to the current global warming, but there
is uncertainty about the relative impact of each forcing
and associated feedbacks. The mid-Pliocene presents the
reverse situation: global data sets reveal the mature state
of a warmer world, but the forcings that led to Pliocene
warming are only partially identified. Analysis of data sets
compiled by the Pliocene Research, Interpretation and
Synoptic Mapping group (PRISM) suggests that a
combination of increased greenhouse gases and increased
ocean heat transports acted concurrently through
undetermined feedback relationships (Dowsett et al.,
2005; Haywood et al., 2005, Chandler et al., 2008). To
fill in the picture, data are just beginning to emerge that
describe the deep ocean state during the Pliocene (Cronin
etal., 2005). Understanding the climate distribution and
forcing for the Pliocene pcriod may hclp improve
predictions of the likely response to increased atmospheric
CO, in the future, including the ultimate role of the

ocean circulation in a globally warmer world.

The CCSP modeling strategy utilizes a multi-tiered
approach in which new and improved Earth system sub-
models (e.g., clouds, ecosystem dynamics, sea ice) are
developed and tested by individual researchers or small
research teams. When significant improvements in these
sub-models arise, they are integrated as appropriate into
high-end Earth system models. A result of these ongoing
efforts is a set of U.S. models that expand beyond earlier
atmosphere-ocean models to include relatively sophisticated
representations of land-surface hydrology, sea ice,
ecosystems, and atmospheric chemistry. U.S. Earth
system modeling centers have used variations of these
models to produce ensembles of projections that are
providing important new perspectives on potential future
climate system change (Meehl et al., 2004a; Stouffer et
al., 2006b). These ensembles are also being used to
characterize the intrinsic uncertainty associated with

potential future climate change.

Because Earth system models are extremely complex
and benefit greatly from input and evaluation by multiple
research teams, several new efforts have been initiated to
enable sharing, testing, and improvement of these models
by diverse groups of researchers (Meehl et al., 2004b,
2005). Many of the recent model simulations referred to
above are now widely available through a new capability
for data archiving and dissemination developed by the
Program for Climate Model Data and Intercomparison

(see <www-pcmdi.llnl.gov>). Large strides have been
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made in creating climate model code according to a set of
standards that facilitate exchange of sub-models (e.g,, the
Earth System Model Framework, <www.esmf.ucar.edu>),
which enables researchers to readily trace the source of
differences between various models and between models

and observations.

The projections made by CCSP research pertain not
just to physical climate, but also to other components of
the Earth system, including atmospheric chemistry.
Continuing research has provided an estimate that the
recovery of the Antarctic ozone hole will occur
approximately 10 to 20 years later than the previous
estimate of 2050 (Newman et al., 2006). As a result of the
Montreal Protocol and its amendments, the use of ozone-
depleting substances (ODS) has been greatly reduced.
Improved understanding of atmospheric dynamics now
gives 2001 as a better estimate of when the ODS peak
occurred in the Antarctic stratosphere. This date is later
than had been estimated previously and results in a longer
projected time scale for recovery back to pre-1980

(unperturbed) levels of ODS.

Goal 4: Understand the sensitivity
and adaptability of different
natural and managed ecosystems
and human systems to climate and
related global changes.

Goal 4 is an area of need and opportunity for CCSP over
the coming years, in keeping with the increased availability
of results from Goals 1 through 3 as inputs. Significant
advances have been made in understanding the potential
impacts of climate change, and in the improvement of
methodologies as new information becomes available.
CCSP research typically uses many different sources of
information, including analyses of paleoclimate data,
direct monitoring and observations, process studies, and
model-based projections. Increasingly, research also
accounts for the dynamic nature of the response of

human and natural systems to climate Change.

Research to understand ecosystem and human system

sensitivity and adaptability encompasses and integrates a

wide range of potential impacts on socictal needs such as
water, human health, and agriculture, as well as potential
impacts on natural terrestrial and marine ecosystems. This
integration is exemplified by the development of several
of CCSP’s synthesis and assessment products (SAPs; see
Appendix 1 for SAP titles and brief descriptions). These
products address a range of issues including sensitivity of
coastal areas to sea-level rise; effects and impacts of climate
change on agriculture, energy, transportation, and human
health and welfare; and thresholds of change and adaptation

options for ecosystems and resource sectors.

The potential implications of sea-level rise point to
the need to account for a wide variety of factors when
assessing future impacts. For example, some measures to
protect coastlines may have negative side effects, such as
the potential for wetlands loss when inland barriers are
constructed, preventing the wetlands from migrating in-
land in response to rising sea level (Cahoon et al., 2006).
Similarly, the adaptability of complex coastal ecosystems
is becoming better understood. For example, studies in a
Chesapeake Bay marsh ecosystem showed that rising sea
level, increasing atmospheric CO,, and high rainfall can
interact and improve the growth of a relatively tall bulrush
at the expense of a hay-like cordgrass that grows in thick
mats (Erickson et al., 2007). The thick cordgrass mats
trap sediment and organic material more effectively than
do the bulrushes, and so bulrush-dominated marshes are
less able to rise in elevation through the addition of
sediments. Such changes in species composition, caused by
interacting global change factors, can therefore influence
the ability of coastal marshes to adapt and keep abreast of
sea-level rise.

Carbon cycle scientific research and modeling are highly
relevant to carbon management needs, as demonstrated by
arecent study that estimated the spatial variability of net
primary production and potential biomass accumulation
over the conterminous United States (Potter et al., 2007).
This study’s model-based predictions indicate a potential
to remove carbon from the atmosphere at a rate of 0.3
GtC yr! through afforestation of low-production crop and
rangeland areas. This rate of carbon sequestration could
offset about one-fifth of the annual fossil fuel emissions of
carbon in the United States. Another study (SAP 2.2;
CCSP, 2007a) found that terrestrial ecosystems of North
America are assimilating about 30% of the CO, emissions

from fossil fuel sources.

Observational and modeling studies of terrestrial
ecosystems indicate a wide variety of Changes in which it

appears that climate variations play a significant role. For



example, recent evidence indicates a northward expansion
of the ranges of many bird and butterfly species in the
United States corresponding to warming in the region
(Sekercioglu et al., 2004). Satellite and in situ observations
also indicate a trend toward earlier growth of spring
vegetation (Angert et al., 2005). In addition to temperature
and hydrologic changes, the increasing level of atmospheric
CO, is now thought to play a role in changing ecosystem
distributions and characteristics due to its fertilizing
effect. Agricultural yield models account for this effect,
and project a range of agricultural impacts depending on
the magnitude and nature of future climate change, crop
types, and the types of adaptive measures that are adopted.
Recent research indicates that different strategies than
those currently in use may be required to manage insects,
weeds, and diseases in agricultural systems (Ziska and
Runion, 2006).

Another example of the ecological consequences of
climate change involving insects and affecting adaptability
is the devastation of millions of hectares of western ULS.
and Canadian pines by bark beetles during the warmth
and drought of 2000 to 2004. Recent modeling and
observations reveal that beetles invading northernmost
lodgepole pine trees are now only a few kilometers from
previously pristine jack pine populations (Logan and
Powell, 2007). This may create a pathway for bark beetles
to reach valued pine forests in the eastern United States
and Canada.

CCSP’s integrated approach to understanding the
sensitivity and adaptability of natural ecosystems to climate
change has also been applied in remote, high-latitude
regions in both hemispheres. In the Southern Hemisphere,
the West Antarctic Peninsula is experiencing some of the
most rapid warming on Earth, which is causing loss of sca
ice and increased snow precipitation. In turn, these
changes are having major contrasting impacts on the
adaptability of different penguin species. For example, in
the vicinity of Anvers Island near the West Antarctic
Peninsula during the last 3 decades, populations shifted
south, so that local abundance of the ice-dependent and
snow-intolerant Adelie penguins decreased by 65%
(currently about 5,000), while the abundance of
Chinstraps and Gentoos increased by 2,730 and 4,600%
(currently about 300 and 650), respectively (Ducklow et
al., 2007). In the Northern Hemisphere, climate
warming has caused significant declines in total cover and
thickness of sea ice and progressively carlier ice breakup in
some areas. These changes have been linked to increasing

vulnerability of polar bear populations, causing them to

extend their normal fast for longcr pcriods during the
open-water season (ACIA, 2005; Stirling and Parkinson,
2006).

Components of CCSP research funded in part
through the U.S. Joint Global Ocean Flux Study program
have explored ecosystem impacts in the open ocean
resulting from climate variability and change as well as
from changes in ocean chemistry and thermal structure.
An example of a chemical impact is the chain of events
causing the oceans to become more acidic due to the
absorption of increasing concentrations of atmospheric
CO, (Orr etal., 2005). Ocean warming tends to increase
vertical stratification (layering) and thus slow the
overturning of nutrient-rich deep-ocean waters
(Schmittner, 2005). Recent model projections suggest
that increased ocean acidification and increased layering of
the upper ocean due to warming are likely to reduce
plankton production. These model results are supported
by satellite observations indicating significant changes in
photosynthetic plankton concentrations, including
declines in the North Atlantic and Pacific and increases in
the Indian Ocean (Gregg et al., 2003).

In addition to managed ecosystems, CCSP research has
expanded understanding of the sensitivity and adaptability
of a variety of other sectors of societal interest. One of
these is human health, which may be affected directly by
changes in temperature and storm intensity, or indirectly
through changes in distributions of insects or other vectors
that carry pathogens. An example of research in this arca
is the effects of climate change on heat waves. Recent
observational and modeling work suggests that the
probability of heat waves such as the one that occurred in
Europe in 2003 has increased significantly, and that future
warming may make heat waves of similar magnitude a
normal summer occurrence within several decades
(Meehl and Tebaldi, 2004). Recent research on the societal
dimensions of climate variations has shown that, to be
valuable for human health decisionmaking and other
societal areas of interest, physical climate analyses such as
the aforementioned study of heat waves must be assessed
within a complex fabric of other social and environmental
factors (Poumadere et al., 2005). An example is the
general increase in financial losses due to hurricanes over
the past century, which may be attributable more to
expanding coastal development than to changes in
hurricane characteristics (Piclke et al., 2005). In regions
such as central Africa, where the capacity to adapt to
environmental variations is often relatively low, recent

research has shown strong correlations between
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year-to-year climate variations and malaria outbreaks

(Thomson et al., 2006).

These are a few examples of CCSP’s research examining
the sensitivity and adaptability of human and natural systems
to climate variability and change. Tt is clear from this
work that climate variations can have both beneficial and
adverse effects on environmental and socioeconomic
systems. However, future projections indicate that the larger
the magnitude and rate of climate change, the more likely
it is that adverse effects will dominate (NRC, 2002).

Goal 5: Explore the uses and identify
the limits of evolving knowledge to
manage risks and opportunities
related to climate variability and
change.

New knowledge emerging from the Nation’s basic research
on global environmental variability and change has created
a number of important opportunities for applying that
knowledge to help decisionmakers make good choices
supported by sound science. Over the past several years,
CCSP has taken three main approaches to explore and
communicate the potential uses and limits of this
knowledge: 1) the development of scientific syntheses
and assessments; 2) supporting and exploring adaptive
management and planning capabilities; and 3) development
of methods to support climate change policy inquiries.

Some key examples of progress are provided below.

The key focus of the program’s assessment activities is
its current suite of 21 synthesis and assessment products,
which are intended to provide current evaluations of the
science foundation for use in informing public debate,
policy, and operational decisions, and for defining and
setting the future direction and priorities of the program.
These reports examine various aspects of climate change
science and impacts on a national, regional, or sectoral
basis as appropriate to each topic. A listing of synthesis
and assessment products is provided in Appendix 1, and
a description of each product and its schedule for
completion can be found at <www.climatescience.gov/

Library/sap/sap-summary.php>.

Another important focus for the program’s synthesis
and assessment activities has been its involvement in the
IPCC and other international assessment activities,
including providing coordination and support to the IPCC
Fourth Assessment Report. IPCC’s major activity is to
prepare at regular intervals comprehensive assessments of
policy-relevant scientific, technical, and socioeconomic
information appropriate to the understanding of human-
induced climate change, potential impacts of climate
change, and options for mitigation and adaptation. For the
IPCC Fourth Assessment (2007), approximately 120 U.S.
scientists were [PCC authors and 15 Review Editors. The
United States co-chaired and hosted IPCC Working
Group I, which primarily addressed physical science
aspects of climate change. The United States has also
played significant roles in the WMO/UNEP ozone
assessments (e.g.,, WMO, 2003), the Arctic Climate
Impact Assessment (ACIA, 2005), and the Millennium
Ecosystem Assessment (MEA, 2005), among others.

The second of CCSP’s decision support approaches is
the exploration of adaptive management strategies.
Activities under this approach develop and evaluate
options for adjusting to variability and change in climate
and other conditions through ‘learning by doing” and
integrating knowledge with practice. This area of work
grows out of the insight that a key to assessment and
decision support is close and ongoing interaction between
users and producers of information. While this area is less
well developed than some others in CCSP’s portfolio, it is
a strong and integral component of the missions of several
CCSP member agencies, and those agencies provide
extensive stakeholder engagement and decision support
for adaptation, mitigation, and management of risk to
policymakers and land managers at national, regional,

state, and local levels.

As one example of the development of methods to
support climate change policy inquiries, CCSP scientists
developed and documented a ‘water supply stress index’
that calculates water shortage risks across the conterminous
United States. The index is based on models and
observations that integrate the effects of climate, land cover,
and current water uses by municipalities and industries on
water supply (Sun et al., 2006). The water supply stress
index and the methods associated with it will be used by
local and regional decisionmakers to quantify the likelihood
of future water shortages under changing climate, water,
and land uses in order to determine adaptation practices.
Incorporation of the subsurface water table into regional

climate models is important, since land-cover changes



produce significant effects on the water table and the
hydrologic cycle. Shallow water tables can be either a sink
or source of water to the surface soil depending on the
relative balance of infiltration versus evaporation (Fan et
al., 2007). Recent studies using detailed observations and
regional climate models have confirmed the long-held
anecdotal understanding that the fraction of rainfall that
cither recharges groundwater or ends up as streamflow
tends to decrease when the fraction of land devoted to
agriculture increases. This result suggests that intensive
agriculture can amplify surface water stresses, particularly
during drought conditions (Jayawickreme and Hyndman,

2007).

Another example of this work is an ongoing project that
brings together researchers who study climate processes
and their effects on the U.S. Southwest with individuals
and organizations that need climate information to make
informed decisions (Jacobs et al., 2005). Numerous
tangible benefits from this project have helped a wide
variety of decisionmakers, from state and local water
planners to farmers to public health officials. For example,
the project developed a suite of products that make
predictions of water availability months in advance, allowing
water managers to adjust reservoir levels accordingly to

meet the competing demands for this scarce resource.

Yet another example is the combined use of satellite-
based observations of fires and moisture conditions together
with seasonal climate forecasts to provide information to
fire managers to help them make early and effective
decisions about the resources they will need to cope with
emerging fires and fire-season dangers. One way in which
this information is communicated is through annual
workshops targeted separately at eastern and western
U.S. fire hazards, which bring together climate scientists
and forecasters with fire managers to produce seasonal
fire outlooks (see <www.ispe.arizona.edu/ climas/
conferences/NSAW>). There are many other examples
of the exploratory use of seasonal-to-interannual climate
information for decisionmaking both domestically and

internationally.

In addition to CCSP’s work on adaptive management
at scasonal-to-interannual time scales, the program is also
developing valuable information for long-term (decades
to centuries) adaptation issues. One example is the
program’s analyses of ways in which agricultural practices
might be adjusted to take advantage of rising CO, levels
and to cope with potentially warmer temperatures and
decreased moisture availability. Recent work has shown

that sufficient variability exists within some crop species

to begin selecting for crop varieties that could maintain or
increase yields in a future enhanced-CO, environment
(Boote etal., 2005).

An example of regional decision support is the work
carried out by the Consortium for Atlantic Regional
Assessment (CARA), which is providing data and tools to
help decisionmakers understand how outcomes of their
decisions could be affected by potential changes in both
climate and land use. On an interactive, user-friendly web
site, CARA has organized data on climate (historical
records and future projections from seven global climate
models), land cover, and socioeconomic and environmental
variables to help inform local and regional decisionmakers
(see <www.cara.psu.edu™>). The CARA tools and tutorials
are designed to help decisionmakers understand the issues
related to land use and climate change by gathering,
organizing, and presenting information for evaluating

alternative mitigation strategies.

A workshop involving scientists and managers, co-led
by several CCSP agencies under the auspices of the U.S.
Coral ReefTask Force, resulted in the publication of
A Reef Manager’s Guide to Coral Bleaching (Marshall and
Schuttenberg, 2006). The combined results of research
on coral bleaching among state/territorial, Federal,
academic, nongovernmental, and international scientists
concluded that warming sea surface temperatures are a
key factor in mass coral bleaching events. The guide
provides managers with strategies to support the natural

resilience of coral reefs in the face of climatic change.

CCSP’s third decision support approach is to help
inform inquiries related to climate change policy, in part
by using comparative analyses of climate change scenarios.
Several CCSP-participating agencies work extensively
with scenarios and scenario development (for further
information on these activities please see specific agency
narratives in OQur Changing Planet, CCSP’s annual report to
Congress). One example is a collaborative effort between
climate scientists and New York City water infrastructure
planners that is using regional scale hydrologic scenarios
to inform the long-lasting investments that are being
considered in the modernization of the city’s water supply
system (see <www.ccsr.columbia.edu/ cig/taskforce>).
Another example is the application of carbon cycle research
to assess the potential feasibility, magnitude, and
permanence of a variety of different carbon sequestration
options, as noted in the U.S. Carbon Cycle Science Plan
(Sarmiento et al., 1999). An initial result from this line of
work is the preliminary conclusion that the restoration of
inland wetlands could be a particularly efficient component
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of carbon sequestration in North American prairie lands

(Euliss et al., 2006).

CCSP researchers have also developed new metrics
for estimating greenhouse gas emissions and carbon
sequestration in the agricultural and forestry sectors
(Birdsey, 2006). These sectors can reduce atmospheric
greenhouse gas concentrations by increasing carbon
sequestration in biomass and soils, by reducing fossil fuel
emissions through use of biomass fucls, and by substituting
agricultural and forestry products that require less energy
than other materials to produce. The new metrics are
being used as the basis for reporting greenhouse gas
information from the agricultural and forestry sectors

(see <www.cia.doe.gov/oiaf/ 1605/ frntvrgg html>).

In the area of climate change and human health, a
team of climate and health scientists funded by CCSP-
participating agencies has been conducting interdisciplinary
research on climate variability, climate change, land use, air
quality, and human health in the NewYork Metropolitan
Region. They have developed an integrated modeling
system for assessing potential public health impacts related
to heat stress and ground-level ozone. In particular, they
linked a global climate model to regional climate models
and a regional atmospheric chemistry model to produce
downscaled heat and ozone estimates for the 1990s and
the 2020s, 2050s, and 2080s under fast- and slower-
growth socioeconomic and climate scenarios and down-
scaled land-use scenarios. A health risk assessment of
mortality impacts was conducted at the county level with
these multi-model simulations of future environmental
conditions. As part of this effort, more recent research has
focused on providing improved understanding of climate
and health vulnerability for stakeholders in support of
decisionmaking in the New York region. This in-depth
climate-health research is providing improved tools for
decisionmakers in the rcgion rcgarding public health risks
due to potential heat and air quality changes (Kinney et
al., 2006).

CCSP scientists have also been working with the
Centers for Disease Control and Prevention and partners
in environmental public health to provide environmental
data products that would be of benefit to the Environmental
Public Health Tracking Network (EPHTN). EPHTN will

establish a national network of local, state, and Federal

public health agencies to track trends in priority non-
infectious health effects. This effort is being undertaken as
part of the Health and Environment Linked for Information
Exchange in Atlanta project, and is demonstrating a
process for developing a local environmental public health
tracking network. In a 2006 report, it was found that
augmenting the U.S. Environmental Protection Agency
Air Quality System observations with National Aeronautics
and Space Administration MODIS-derived PM2.5
(particulate matter that is 2.5 mm or smaller in size)
observations increases the temporal and spatial resolution
of fine particulate estimates. The report also found that
such augmentation also increases the accuracy in estimating
concentrations of an environmental hazard such as PM2.5,
which is important for environmental public health tracking,
High concentrations of PM2.5 are associated with adverse
health reactions (e.g., respiratory and cardiovascular
problems) (Rosen et al., 2006).

Another important way in which CCSP is helping to
inform climate change policy inquiries is through integrated
assessment modeling, which considers the social and
economic factors that may lead to climate change (e.g.,
greenhouse gas emissions) and the resultant effects of
those activities on the Earth system and human welfare.
These models are useful for considering the costs and
effects of various policy options. One important result of
this work suggests that reducing emissions of greenhouse
gases other than CO, could be an economically efficient
first step in reducing the overall atmospheric burden of
greenhouse gases (Hansen and Sato, 2004).

These examples collectively provide a sketch of the
progress CCSP has made toward its goals; additional
information on these items and others can be found in
CCSP’s annual report to Congress. While these
accomplishments, taken together, represent significant
progress in climate change science and constitute a
substantial portfolio of work, many questions remain to
be answered within each of CCSP’s strategic goals. In
addition, the pertinent research questions have evolved in
keeping with information gathered and knowledge
gained, and the changing needs of society. The remainder
of this Revised Research Plan provides a discussion of
these questions and the plans that CCSP envisions as a

means to answer them.
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IV. Emerging
Priorities for the
Climate Change
Science Program

Any scientific research program must evolve over time
based on what has been learned during earlier periods,
and CCSP is no exception. This is particularly true for an
Earth science-related program, in which the past several
years have brought dramatic increases in knowledge;
significant advances in the length and quality of
observational data sets (including more comprehensive
observations of climatic phenomena than were previously
possible); improvements in the scope, resolution, and
quality of models; significant advancements in computing
capabilities for use in implementing more complex and
higher resolution climate and Earth system models; and
the initiation of several major observational efforts that have
only now begun to yield results for integrated scientific

study, or will appear shortly in the near future.

One of the most significant advancements of recent
years is that ongoing monitoring of key Earth systems and
analysis of records extending back through time (including
paleoclimate information gleaned from studies of geologic

materials and other climate proxies) have revealed evidence

for a number of important Earth system changes and
previously unknown processes, including (but not limited
to) such things as:
¢ The continuation of the trend toward higher
global average surface temperature manifested
both on land and in the oceans
¢ Changes in atmospheric composition that both
contribute to climate change and that are affected
by climate change
¢ Changes in the cryosphere (e.g., Arctic sea ice
coverage, significant changes in ice mass in
Greenland and Antarctica, and permafrost

temperature)
* Sea-level rise
¢ Changes in patterns and frequency of wildfire
¢ Changes in species distributions
* Ocean acidification and its consequences

. Changes in storminess



* Hydrologic changes affecting both humans and
ecosystems, including changes in water availability
and quality, glacier retreat, timing of snow melt,
and potential for flooding events and/or drought

° Unexpected variations in seasonal greenness in
tropical and temperate forests

* Variability of climate and the potential for abrupt

change.

For many of these changes, attribution to causative
factor(s) is not clearly established, and accelerated research
and analysis are needed to identify more clearly the
scientific bases that underpin such changes, including a

means for testing hypotheses of potential attribution.

In the 4 years since the 2003 Strategic Plan was
published, the climate community has also completed
work on several important assessments, including the
IPCC Fourth Assessment Report (to which CCSP made
substantial scientific contributions) and the synthesis and
assessment products being developed under the auspices
of CCSP and discussed in the preceding section. These
assessments have helped to integrate related scientific
areas, to provide a comprehensive report on the state of
the science, to address the causes and consequences of
climate change, and to examine their effects on risk and
vulnerability of Earth systems and human communities.
These assessments are intended to provide input to the
broader climate policy community, and to shape external

dialogues and to frame the new questions that face land

and resource managers, communities, and policymakers.
Discussions within the user community have highlighted
the need for CCSP to provide more regionally resolved
and sector-specific information about climate through
downscaling of models, tools, and research results
(including socictal impacts of and vulnerabilities to climate
change), and to provide the rigorous scientific basis to
support increased societal planning for adaptation to and

mitigation of the effects of climate change.

Taken together, the factors discussed above have led
to a need for evolution in both research questions and
approaches, and they have exerted a significant influence
on CCSP’s research directions. The past several years have
seen dramatic increases in knowledge about climate and
Earth systems; 