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11 November 2002

Dear Colleague,

The Climate Change Science Program will hold the U.S. Climate Change Science Program
Planning Workshop for Scientists and Stakeholders at the Marriott Wardman Park Hotel in
Washington, D.C., from 3-5 December 2002. The purpose of the Workshop isto provide a
comprehensive review of the discussion draft of the Strategic Plan for U.S. climate change and
global change research. This Workshop will offer extensive opportunities for the scientific and
stakeholder communities to provide comment and input to the Climate Change Science Program
Strategic Plan. When finalized by April 2003, the Strategic Plan will provide the principal
guidance for U.S. climate change and global change research during the next several years,
subject to revisions as appropriate to respond to newly devel oped information and decision
support tools.

We are writing to request your comments on the discussion draft of the Climate Change Science
Program Strategic Plan. Comments on all elements of the plan from al communities are essential
in order to improve the plan and identify gaps. In your review, we ask you to provide a
perspective on the content, implications, and challenges outlined in the plan aswell as
suggestions for any alternate approaches you wish to have considered, and the types of climate
and global change information required by policy makers and resource managers. We also ask
that you comment on any inconsi stencies within or across chapters, and omissions of important
topics. For any shortcomings that you note in the draft, please propose specific remedies. To
participate in the review it is not necessary that you review the entire plan.

We ask that comments be submitted by E-mail to <comments@climatescience.gov>. All
comments submitted by 13 January 2003 will be posted on the <http://www.climatescience.qgov>
website for public review. While we are unable to promised detailed responses to individua
comments, we confirm that all submitted comments will be given consideration during the
development of the final version of the Strategic Plan.

Attached to this letter are instructions and format guidelines for submitting review comments.
Following the ingtructions will ensure that your comments are properly processed and given
appropriate consideration. If you wish to distribute copies of the planto colleagues to participate
in the review, please provide them with a copy of this letter as well as the attached instructions
and format guidelines. We have posted the plan on the workshop website at
<http://mwww.climatescience.gov>. PDF files for individual chapters of the plancan be
downloaded from this site. |f you have any questions, please contact: Sandy MacCracken at 1-
202-419-3483 (voice), 1-202-223-3065 (fax), or via the address in the footer below.

We appreciate your contribution of time and expertise to this review, and look forward to your
response.

Sincerdly,

James R. Mahoney, Ph.D.
Assistant Secretary of Commerce for Oceans and Atmosphere, and
Director, U.S. Climate Change Science Program



Instructions For Submission of Strategic Plan Review Comments

Thank you for participating in the review process. Please follow the instructions for preparing and
submitting your review. Using the format guidance described below will facilitate our processing
of reviewer comments and assure that your comments are given appropriate consideration. An
example of the format is aso provided. Comments are due by 13 January, 2003.

Select the chapter(s) or sections of chapters which you wish to review. It is not necessary

that you review the entire plan. In your comments, please consider the following issues:

- Overview. overview on the content, implications, and challenges outlined in the plan;
Agreement/Disagreement: areas of agreement and disagreement, as appropriate;
Suggestions : suggestions for aternative approaches, if appropriate;

Inconsistencies: inconsistencies within or across chapters;

Omissions : omissions of important topics,

Remedies: specific remedies for identified shortcomings of the draft plan;
Stakeholder climate information: type of climate and global change information
required by representative groups;

Other: other comments not covered above.

Please do not comment on grammar, spelling, or punctuation. Professional copy editing will

correct deficiencies in these areas for the final draft.

Use the format guidance that follows for organizing your comments.

Submit your comments by email to <comments@climatescience.gov> by 13 January, 2003.

Format Guidance for Comments

Please provide background information about yourself on the first page of your comments. your
name(s), organization(s), area of expertise(s), mailing address(es), telephone and fax numbers,
and email address(es).

Overview comments on the chapter should follow your background information and
should be numbered.

Comments that are specific to particular pages, paragraphs or lines of the chapter should
follow your overview comments and should identify the page and line numbersto which
they apply.

Comments that refer to atable or figure should identify the table or figure number. In the
case of tables, please also identify the row and column to which the comment refers.
Order your comments sequentialy by page and line number.

At the end of each comment, please insert your name and affiliation.




Format Example for Comments
L. Background Information

Name(s): John Doe

Organization(s): Universty College

Mailing Address(es): 101 1% Street, New Y ork, New Y ork, 10001
Phone (s): 800-555-5555

Fax(es): 800-555-6666

E-mail(s): John.Doe@univ.edu

Area of Expertise: Atmospheric Composition

II. Overview Comments on Chapter 5: Atmospheric Composition

First Overview Comment: (Comment)
Reviewer’s name, affiliation: John Doe, University College

Second Overview Comment: (Comment)
Reviewer’s name, affiliation: John Doe, University College

II1. Specific Comments on Chapter 5: Atmospheric Composition

Page 57, Line 5: (Comment)
John Doe, University College

Page 58, Line 32 - Page 59, Line 5: (Comment)
John Doe, University College

Table 1-4, Row 3, Column 6: (Comment)
John Doe, University College

Please send comments by email to <comments@climatescience.gov>



Foreword

In February 2002 President George W. Bush announced the formation of a new
management structure, the Climate Change Science Program (CCSP), to coordinate and
direct the US research efforts in the areas of climate and global change. These research
efforts include the US Global Change Research Program (USGCRP) authorized by the
Globa Change Research Act of 1990, and the Climate Change Research Initiative
(CCRI) launched by the President in June 2001 to reduce significant uncertaintiesin
climate science, improve global climate observing systems, and develop resources to
support policymaking and resource management.

The President’ s Climate Change Research Initiative was launched to provide a distinct
focus to the 13-year old Global Change Research Program. The CCRI focus is defined
by a group of uncertainties about the global climate system that have been identified by
policymakers and analyzed by the National Research Council in a 2001 report requested
by the Administration.

The Climate Change Science Program aims to balance the near-term (2- to 4-year) focus
of the CCRI with the breadth of the USGCRP, pursuing accelerated development of
answers to the scientific aspects of key climate policy issues while continuing to seek
advances in the knowledge of the physical, biological and chemical processes that
influence the Earth system.

Thisdiscussion draft strategic plan has been prepared by the thirteen federal agencies
participating in the CCSP, with input from alarge number of scientific steering groups
and coordination by the CCSP staff under the leadership of Dr. Richard H. Moss, to
provide a vehicle to facilitate comments and suggestions by the scientific and stakeholder
communities interested in climate and global change issues.

We welcome comments on this draft plan by all interested persons. Comments may be
provided during the US Climate Change Science Program Planning Workshop for
Scientists and Stakeholders being held in Washington, DC on December 3 — 5, 2002, and
during a subsequent public comment period extending to January 13, 2003. Information
about the Workshop and the written comment opportunities is available on the web site
www.climatescience.gov. A specially formed committee of the National Research
Council is also reviewing this draft plan, and will provide its analysis of the plan, the
workshop and the written comments received after the workshop. A final version of the
strategic plan, setting a path for the next few years of research under the CCSP, will be
published by April 2003. We appreciate your assistance with this important process.

James R. Mahoney, Ph.D.
Assistant Secretary of Commerce for Oceans and Atmosphere, and
Director, Climate Change Science Program
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CHAPTER 4

DECISION SUPPORT RESOURCES

This chapter’s contents...

1. Evduations and syntheses for policy analysis and operationa resource management
2. Andyticd techniquesfor serving decision need
3. Applied dimae modding

4. Resourcesfor risk andys's and decisonmaking under uncertainty

The Climate Change Research Initiative (CCRI) will synthesize the results of the research
conducted by the Climate Change Science Program (CCSP) to present critica information to
decisonmakers and resource managers both within and outside of the US Government.
Decisonmakers, as defined here, engage in the development of nationd policy such as setting
nationa gods for greenhouse gas emissions and negotiating with other countries over
international agreements. Along with resource managersin different regions and sectors,
decisonmakers dso are engaged in palicy, planning, and operationa decisonmaking issues
related to the management and alocation of natural resources and the associated physical
infrastructure. The science and decision support activities ponsored by the CCSP are
designed to provide critica information about a number of the decisions and natural resource
issues affected by climate variability and change. One mgor key dement of the CCRI isthe
ongoing engagement of scientists, decisionmakers, resource managers, and other stakeholdersin
identifying issues and questions, and providing data and products that include characterizations
of uncertainties and the level of confidence associated with thisinformation.

One of the principal mativations behind the CCRI is enhancing the CCSP commitment to
synthesizing scientific results and producing decision support resources responsive to national
and regiona needs. Decision support resources include awide variety of mechanisms for
creating and supporting a dialogue between scientists and decisionmakers to identify issues and
guestions of concern, and for framing the research agenda needed to answer the questions.
They dso include avariety of anaytica techniques, including historical data andys's, scenarios,
and applied climate modeling, that serve decisionmakers, and product development that arises
from the strong interaction between the science and decisonmaking needs.
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One component of the CCRI will focus on nationd-leve chalenges associated closdly with the
mitigation issues (improving understanding of the costs and benefits of particular Srategies for
reducing emissons) associated with long-term globd climate change. In apardld effort, the
CCRI will accelerate the development of a structure and process for integrating science with
decision processes to assist the development of regiona and sectora adaptation responses
(actions to reduce vulnerability, seize opportunities, and enhance resilience) to variability and
long-term changesin climate. These two efforts complement and reinforce each other with
lessons learned about how the process of synthesizing and andlyzing scientific information can
inform policy and operationd decisons. Although the actua process of making policy and
resource management decisions should remain entirely separate from the research function, the
establishment of a new class of working relaionships will ensure that the sponsored research is
well informed by an understanding of what information istimely and useful for decisonmakers,
resource managers, and other stakeholders. Research will provide a continualy stronger
foundation to help decisonmakers eva uate the suite of dternative policy options and
operationd dSrategies.

This section of the Strategic Plan describes activities intended to initiate innovation in decison
support resources that are particularly relevant to the driving forces and effects of climate
change a anationd and regiond leve, recognizing the need for continued progressin basic
climate science questions. Because climate is not the only variable component in the
decisonmaking process, and societal chalenges rarely reved themsalves as neet, Single-issue
topics, thisinitid focusis nested within a commitment to integrate across tempord scaes, spatid
scales, and multiple effects (both pogtive and negative).

The following sections lay the groundwork for building decison support into the CCSP: the
incorporation of science-based decision support research including scenario devel opment;
goplied climate modding; and the development and application of improved methods for dedling
with scientific uncertainty in the decison process.

1. Evaluations and syntheses for policy analysis and operational
resource management

For the last decade, the primary focus of the development of climate change science information
at the nationd level has been in response to the debate on energy policy. At issue was whether
human+induced climate change could be so significant as to require immediate and steep
reductionsin foss| fud emissons. The main condraint on any such reductions has been the
desire to maintain modern living standards by preserving the ability to serve the energy needs of
agrowing economy with diverse economic sectors in the context of evolving societd vaues.
Issues centra to the debate have included distinguishing between naturd dimate varigbility and
humantinduced climate change; the adequacy of observations to determine climate variability
and change; the rdiability of climate modding; and the prediction of the immediate costs and
possible benefits of mitigation options.
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The CCRI will initiate a process to identify policy decisons that should influence the focus of
climate change research programs. It will be important to consider likely future policy decisons,
because there can be lag time in the ddlivery of research results. This process will include
meetings with current and past decisonmakers. The resulting articulation of potentid policy
questions will serve as afoundation for the subsequent decision support activities. One god is
to expand the range of decisions from an emphasis primarily on energy policy to a broader
agenda that includes greenhouse gases and pollution other than carbon dioxide (CO,), emissions
that result from land use (particularly deforestation and the cultivation of certain crops), and the
management of other resources and decisons a aregiond level. Examples of other broad
policy arenas that require science-based climate information are agriculture, water resources, air
quality, forestry, wildfire management, public hedth, and foreign ad.

The importance of climate change and variability liesin itsimpacts on natural resources, the economy,
human hedlth, and ecosystem sustainability. Some regions, sectors, and assets will be more vulnerable
and some more resilient to climate variability and change, and taking steps to seize opportunities or
identify particularly vulnerable assets and enhance their resilience will help ensure economic productivity
and the well being of citizens and the environment. Decisionmakers who operate in the resource
management arena are confronted with an array of influences that impact their decisions, and these must
be considered in work done under the CCRI. Climate variability and change, demographic change,
land use, laws, and public vaues are only afew of the inputs into their decison processes. 1n addition,
they are required to make decisions on arange of time scaes from a day-to-day operational

perspective to alonger-term planning perspective.

The climate science issues that have emerged over the last decade that have been raised by these
decisonmakers include concerns about contradictions in, and the coarse spatid scale of, information on
climate change from globa climate models, and the lack of avalability of useful and effective dlimate
observations and products for usein their decison processes. Regiona- and local-scae anayses of
potentid climate impacts are limited by the fact that currently available modd projections are not reliable
at the smaller scalesthat are required for these analyses. However, regiona- and sectoral- scae climate
diagnostics and analyses, in cases where they prove to be accurate, can be and have been used
effectivey in regiona decisionmaking contexts, creating an important demand for the provison of useful
observationa products and data.

One god of the decisionsupport efforts of the CCRI isto identify nationa-level decisons and to
use that list to develop decision support activities aswell asto help prioritize dimate change
research. A second god isto articulate and expand upon our understanding of the role of climatein
human affairs such that science-based information can be synthesized, andyzed, and incorporated
meaningfully into policy andysis and operationd resource management.

Research projects that contribute to decision support will be supported under CCSP.  These research

projects benefit from the results of the US Globa Change Research Program (USGCRP) research
efforts discussed in Chapters 5-11. Links will aso be made to the reporting and outreach activities
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(Chapter 13) and to internationa research cooperation (Chapter 14). The CCRI will provide ameans
for synthesizing, andlyzing, and evaduaing scientific results thet will provide supporting information for
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policymaking and operationa resource management processes.

IDENTIFICATION OF DECISION ISSUES AT THE NATIONAL LEVEL

Thetype of issues requiring decisions at the nationd leve for which information about long-term
globa climate changeis rlevant has evolved considerably in recent years. The CCRI will
attempt to establish mechanisms to foster anew class of working relationships to ensure that
relevant issues are identified, articulated, and communicated to the research community. This
task is understood to be a particularly chalenging one, where decisions for which science-based
information will be useful will be a subset of abroader range of decisons. Accomplishing a
productive and effective relaionship among researchers, federa research managers, and policy
specidigs will require new working arrangements. The CCRI will devote attention to the type
of inditutiona changes necessary to forge effective interaction between research processes and
policy development.

For policy development related to mitigation, it will be difficult to generate atrue representation
of salient decisons. Over the last saverd years there has been an interest in issues as diverse as
estimating the costs and impacts of concentration paths over time; costs and benefits of various
stabilized atmaospheric concentrations; priorities for technology R& D; evauating regulatory
indruments; analyzing uncertainties, analyzing the role of the United States with respect to the
rest of the world; anayzing which gasesto control and how to trade off certain greenhouse
gases versus others; the connection of greenhouse gas emissions to other pollutants, such as
aerosols, assessing impacts from possible climate change at aloca level; high-consequence but
low-probability events; and others.

Stakeholder interaction will be essentid to the task of identifying decison issues at the nationa
level, but managing thisinteraction will be a different type of experience than it has been a the
regiond level, where researchers have spent the last severad yearslearning how to interact with
resource managers and local planners. Certain sectors, such as energy, technology
development, or internationd disaster management, are obvious candidates for exploring how to
build improved stakeholder relaionships. Many of the decison dternativesin these particular
areas Will be amenableto the“If..., then...” paradigm that uses the scenarios described in the
next section.

DECISION SUPPORT RESOURCES
FOR REGIONAL RESOURCE MANAGEMENT
The generd gpproach for accelerating and enhancing decision support for regiona resource
management will be basad on the following framework:
Identification of regions, sectors, and decisionmakers that would most benefit from
improved global change informeation.
Development of indicators for assessing vulnerability and/or opportunities.
Research to improve knowledge of globa and regiond changes.
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Development of data, information, andytic resources, and modelsto facilitate risk
assessment given remaining uncertainties,

Investigation of how to disseminate information and assst usersin evauaing options.
Promoation of sustained interactions between the scientific community and stakeholders
to judicioudy apply such knowledge to inform decisonmaking.

Resource managers are chalenged every day by the need to make decisions despite the
exigence of scientific uncertainties and the inability of scientists to begin to make absolute
predictions about future outcomes. Through the USGCRP, a sustained relationship between
investigators and decis onmakers has been nurtured to cregte the basis for developing a shared
understanding of the generd potentid for and nature of risk and benefit, and extracting from
sdentific findings the information to begin to support decisonmaking within a context of
managing risk. Through regiona and sector-specific research, investigators will continue to
work closgly with decisionmakers and resource managers to identify the level of certainty
required for different decison contexts, and mechanisms for best communicating the
uncertainties, which may include acknowledging thet it may not be possible to provide
meaningful information & the required level of certainty.

A mgor vaue of the regiond resource management component isin deriving ingghts from
“lessons learned” about how science can be integrated effectively into the operationa
decisionmaking process and, to the extent possble, into policy andyss and development. This
activity involves the andlyss of information from multiple disciplines—induding the socid and
economic areas—to address the specific questions being asked by resource managers and
other stakeholders. It dso includes an anadlysis of adaptation options to improve society’ s ability
to respond effectively to risks and opportunities as they emerge. Based on the regiond and
sector- specific research that has been conducted over the last decade, preliminary target areas
for accelerated research that will be considered include air quality; water availability and qudity;
forest and wildfire management; drought; and public hedth.

PRODUCTS AND PAYOFFS
Further development of forma mechanisms to establish and perpetuate working
relationships between the research and decisonmaker communities to ensure that
research and assessments will address the specific issues of concern to the
decisonmakers. The decisionmaker/researcher interaction will be evaluated and
documented and used to identify needed improvements in deciSon support resources.
Sdlection of aset of potentid policy questions that require information support from the
climate change community through a stakeholder/scientist interactive didogue. These
issues and the resulting policy-relevant science questions will influence the devel opment
of scenarios (6 months).
Establishment of a consultative process between agency managers, investigators, and
key partnersin one or more of the target areas to identify the key resource management
problems; resulting research questions, needed observational data, and appropriate
methods of communicating and using scientific uncertainty in the decisonmaking context.
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Andysis of historicd recordsin the target areas to gain a better understanding of past
and current climate, as well asfuture climate, in order to provide services and design
infrastructure to more effectively adapt to future changes.

2. Analytical techniques for serving decision need

LINKING RESEARCH TO DECISIONMAKING

“Decison support” refersto the provison of timely and useful information that addresses
specific questions being asked by a decisonmaker. 1t could be a question that is pertinent to
any of afull range of issues related to climate change, including adaptation, the management of
resources in the face of scientific uncertainty, mitigation, or technology development.  For
example, a national- scale question addressing emissions might be framed as, “What are the
economic consequences—costs and benefits—associated with the adoption of an emissions
god framed in terms of percentage reductions against a specified base year emissons leved?’
Alternatively, it might be framed on the regiond or local scale to address adaptation questions,
such as. “How could water resources be managed if winter snow melt shiftsto an earlier time
of year?’

Techniques that serve to articulate research findings in ways that resonate with decisionmakers and that
incorporate parameters important from their perspective are akey part of the CCRI commitment to
build ad sustain productive, appropriate interaction between research and action. A variety of
resources and approaches are being used to explore the possible range of consequences of climate
change, including historica records; integrated assessment models, synthesis, anadlys's, and presentation
of scientific conclusions for incorporation into existing decisonmaking frameworks, communication and
outreach processes to policymakers; and sengitivity and “If..., then...” andyses. Although dl of these
contain sometimes profound uncertainties, their use can provide exigting information for decisonmakers,
resource managers, and other stakeholders.

METHODS FOR ANALYZING CLIMATE IMPACTS
A vaiety of methods are available for illustrating and andyzing how fluctuaionsin climate influence
socid, economic, and ecologica systems, including:

- Historic records. Dataand records from the past provide an essentia perspective on
how changesin dimate affect human and naturd systems. Andyzing variations such as
warming; increases in preci pitation; decade-long droughts; and reductions in the extent
of snow cover, and their effects on human and naturd systems, provides important
indghtsinto how vulnerable or reslient these sysems may be in the future. The need for
improved information on such variations, particularly at regiond and loca scaes, isone
of the highest priorities for users of climate information.

Sensitivity analyses. “If..., then...” and sengtivity analyses will also be used to
determine under what conditions and to what degree a system is senditive to change.
Sengtivity analyses help to identify the degree of climate change that would cause
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sgnificant impacts to naturd and human systems, i.e., how vulnerable and adgptable
these systems are. Such analyses are not predictions that such changes will, in fact,
occur. Rather, they examine what the implications would be if the specified changes did
occur. For example, an analyst might ask, “How much would temperature have to rise
to cause a pecified impact?’

Climate projections. Climate modd projections are another tool for understanding
what future climate might be like, to the extent of their scientific credibility and our &bility
to develop quantitative statements about levels of confidence. Once again, these
projections will not be viewed as specific predictions or forecasts of future outcomes,
but rather as probabilidtic dternative futures that “paint apicture’ of what might happen
under particular assumptions. They provide a Sarting point for investigating questions
about an uncertain future and for visuaizing dternative futures in concrete and human
terms. Using scenarios helps to identify vulnerabilities and opportunities, and to explore
potential response strategies. However, it isimportant to recognize that in some cases
the state of knowledge about potentia consequences of climate change may not be
sufficient to support any climate impacts modding. Regiond- and local-scae andyses
of potentid climate impacts are limited by the fact that currently available mode
projections of shorter-term trends over the smaller scales that are required for these
andyses are much less reliable than the model projections of continental-scale and
century-long trends that are currently available. In fact, different model projections are
a times contradictory, a symptom of the unreliability of regiond-scae projections a this
time.

Consultative processes and conceptual models. Briefings, forums, workshops, and
other forms of engagement between researchers and stakehol ders, when managed and
sugtained, have the effect of diciting information over time and through iteration that
enrich the research and increase the likelihood that research will contribute to improved
decisonmaking. Methods and products that are “co-produced’ have the highest
likelihood of application. Products such as “decison cdendars’ that integrate the
worldview of resource managers in agiven sector with the natural cycle of the dimate
system have served to enlighten both researchers and resource managers. At the same
time, research must be independent of particular policy agendas in order to remain free
of bias.

Integrated quantitative and qualitative information for refined decision
products. Climateinformation can be incorporated into existing sector-based (e.g.,
agriculture, reservoir management, wildfire management, etc.) and policy

andys gmanagement modd s such that the potentia effects on productivity or particular
outcomes can be analyzed. Use of existing modds sengtive to inditutiond redlities
offers the advantage of identifying moments where climate information is most relevant
to planning, budget cydes, early warning systems, or profit maximization and efficient
use of resources. Resultsthat offer outcomes expressed in terms of probabilistic
distributions of expected events can contribute to decision andlys's and assessment of
risk in particular settings.
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One of the mogt productive areas for combined research and assessment activitiesisin
building frameworks that integrate component models in response to awell-articulated
decison need or “problem” focus. Knowing in advance the concerns of relevant
decisonmakers, researchers and other professionas are beginning to refine the
techniques necessary to customize model-based and Satidtica climate information; tailor
outputs for congstency with hydrologic, ecologica, or other information; and andyze
outcomes within the parameters of decision need. Advances made in these types of
aggregations of sysems would afford new indgghts into understanding thresholds relevant
to climate that are unique to various sectors. These activities also hold important
potentid for advancing andysds of multi-factor stresses, and can be gpplied to questions
surrounding water resources, wildfire and agriculturad management, and carbon
sequedtration Strategies.

SCENARIO DEVELOPMENT

For many decision dternatives, an “If..., then...” anadyss enabled by scenarios can be
performed that provides information to a decisonmaker. Assuming a particular action is taken,
the analysi's predicts the consequences of that action. Scenarios play akey rolein the
decisonmaking process by providing the opportunity to explore options againgt avariety of
dternative possible backgrounds. The term “scenario,” as used here, refersto any description
of the world asit might evolve or be made to evolve in response to decisons. The god of the
CCRI scenarios activity isto develop, maintain, and enhance the capability to answer “If...,
then...” questions relevant to the full range of climate change decisonmaking, from the
management of resources to the formation of nationd and internationd policy. The activity will
seek to ensure that a balanced gpproach is taken that maintains objectivity and avoids focusing
on “worst-case andyss’ done.

Scenarios provide avehicle for posing and analyzing questions, for example, “What if the
United States adopts an emissonsgoa?’ The question as framed above, however, is
insufficently pecified. It lacks detail. For example, no mechanism by which the goa might be
attained is specified. Further, there is no description of areas of concern, such asthe
effectiveness of the limitationsin environmentd terms; the impact on jobs, Gross Domestic
Product, the economic health of important economic sectors and regions of the country, and
internationd trade; the implications for energy and nationd security; and the effects on
ecosystem goods and services. Decisonmakers and stakeholders, through interactionswith
researchers, can provide the necessary leve of specificity and may together cregte a better list
than ether could separatdy generate. All scenarios start with information originating outside the
system in question, contain some description of the system of interest, and provide a mechanism
for evaluating avariety of gpproaches that may be employed.

Scenario development techniques abound, and range from qualitative approaches to formal
computer models. Models link statements about key externd factors, such as population
growth and migration; the abundance and availability of resources, market structure; energy cost
and use; internationd trade; and technology deployment, through agorithms that attempt to
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capture their relaionships. Some scenario devel opment techniques may combine both
qualitative and modeling approaches, smilar to gaming exercises that provide computer models
for role-playing. The Intergovernmental Panel on Climate Change (IPCC) has made extensve
use of scenarios to drive climate models, dthough the model outputs have seen limited usein
sudying the impacts of climate change. Other quditative and quantitative scenarios have been
used extensively in controversa assessments of the potential consequences of climate change
for particular sectors and regionsin the United States. The development of scenarios dso
makes possible potentidly fruitful communications with other important policy redms such asthe
Nationa Climate Change Technology Initiative (NCCT]).

RESEARCH APPROACHES

Research is essentid to every part of the scenario process. Scenarios will require the
acquisition and synthesis of knowledge about factors that lie both within and outside of the
processes in question, including economic growth; energy supply and demand; land use;
agricultural practices, ecosystem characterization; and the characterization of the cryosphere,
hydrosphere, ocean, and atmosphere. Models of such processes can be extremely detailed,
with some requiring extensve time (weeks) on the fastest available computers. It isimportant to
redlize that the nature of the question being asked by the decisonmaker, aswell asthe leve of
scientific certainty required, influence the congtruction of the scenario and the type of modding
undertaken.

CCRI scenario development will go beyond past scenario activities such as those of the IPCC.
Decisonmakers, resource managers, and other stiakeholders will be engaged to help identify the
types of scenarios that could be used to provide them with timely and useful information. The
CCRI will develop logicd and interndly congstent scenarios with input from the full range of
relevant sakeholders, which potentialy include environmenta non-governmenta organizations
(NGOs), industry representatives, natura resource managers, government agencies, and
research scientists. It will undertake independent analysis to extract up-to-date information on
projections for key variables (e.g., demography; technology characteristics and costs, and
economic growth and characterigtics) and the relationship of key driving forcesto environmenta
change (e.g., land use and land cover) and adaptive capacity. The CCRI will coordinate its
scenario development plans with the new IPCC scenario efforts. The IPCC may be interested
in adopting some of the CCRI scenarios or combining CCRI and IPCC efforts.

PRODUCTS AND PAYOFFS
A new stakeholder-oriented process for ongoing identification of questions rlevant to
decisionmakers, and scenarios that could be used to address these questions, will bein
place. This component of the program will incorporate the most up-to-date scientific
information about socio-economic, dimetic, and environmenta factors. Modeling,
integrated andysis, and reporting of results will aso be supported.
A specific set of scenarios that can be used to address relevant policy and resource
management questions—at the nationd, regiond, and sectord levels—will be
developed in collaboration with stakeholders (2 years). The scenarios will be used as
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input to integrated assessment and other region and sector-specific impacts models,
which will evaluate the consegquences of the different scenarios. Reports summarizing
ingghts relevant to the questions posed by the decisonmakers and regiona/sectora
resource managers, dong with an andysis of the uncertainty, will be written (2 years).
Additiond reports will summarize the results of more extengve efforts using integrated
assessment modd s linked with natural resource decisionmaking models and the
implications for development of risk-management options for resource management and
nationa climate change policy (4 years). A find report on the Sate of the art of
scenarios will be written.

Integrated assessment models will be improved both in skill and breadth of coveragein
order to redisticaly represent an increased number of actions and consequences
important to the decision process.

3. Applied climate modeling

INTRODUCTION

Climate models have been a centrd part of the US climate program since the 1970's. Models
are an essentid tool for synthesizing observations, theory, and experimentd results to investigate
how the Earth system works and how it is affected by human activities. Such modds can be
used in both a retrospective sense, to test the accuracy of modeled changesin Earth system
forcing and response by comparing mode results with observations of past change, and in a
prognostic sense, for caculating the response of the Earth system to projected future forcing.
For the CCSP, we need to consider a subset of the broad domain of climate moddling, in
particular those specific tasks that can provide near-term information products to inform
management and policy decisonsinvolving dimate. Thisisthe areaof Applied Climate
Modeling. It provides the meansfor trandating the scenarios described in the preceding section
into the decision support resources.

There are a number of obstacles facing the application of the best of US capability in climate
science to these critica gpplied modeling issues. The NRC (2001b) found that when comparing
US and European high-end moddling, the United States is il lagging in its ability to rapidly
produce accurate high-resolution modd runs. In addition, there is a need to increase confidence
in modd results and expand their immediate utility for decison support. These consderations
prompt severd priority directions for Applied Climate Modding.

IDENTIFY, QUANTIFY AND SYSTEMATICALLY REDUCE UNCERTAINTY IN
CLIMATE MODEL PROJECTIONS

Sensitivity Comparisons
Climate sengitivity is a measure of the dlimate s response to a unit change in radiative forcing

due, for example, to changing atmospheric concentrations of greenhouse gases. It accounts for
amgor part of the uncertainties in climate projections. The current crop of world-class dimate
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models exhibits an unacceptably large range in climate sengtivity. The mgor US models that
have been used for IPCC scenario assessments—the Community Climate Sysem Mode
(CCSM), operated at the Nationa Center for Atmospheric Research, and the modd devel oped
at the Geophysicd Fuid Dynamics Laboratory (GFDL)—Iie close to the opposite ends of this
range, making them idedl resources for investigating the processes and assumptions responsible
for uncertainty in sengtivity.

All current climate models fail to adequately smulate severd climate system processes and their
feedbacks. One example of such a processis ocean mixing, which to alarge degree controls
the rate of projected global warming. Atmospheric convection, hydrologic processes, and
representation of clouds, dl of which strongly influence the magnitude and geographica
digtributions of globa warming, are aso poorly smulated. These deficiencies are thought to be
related to the large range of climate sengtivity and contribute significantly to modd uncertainties.
High-priority research will focus on representations in models of the relevant physica feedback
processes, using available observationa data and, where required, new field observations. This
work will enable focused model comparisons to understand the reasons for differencesin
climate sengtivities. Products will include new knowledge about important climate feedback
processes and their improved representation in climate modes, potentidly leading to a
ggnificant reduction in known uncertainties in climate projections. Particular atention will be
devoted to cloud/water vapor processes, as described in Chapter 2 (see also Chapter 6).

Characterize and Reduce Key Uncertainties

It will be important to identify the one or two largest sources of uncertainty in feedback
processes currently represented in climate models, determine the causes of the uncertainty, and
improve the physical representation of those processesin the models. Comparing model
smulations and observations indicates that the mgjor problems are generic, affecting dl climate
models. Climate Process Teams (CPT), anew approach to focused research designed to more
rapidly reduce known uncertainties in climate mode projections, will conduct the research. The
teams of climate process researchers, observing system specidists, and modelers will work in
partnership with multiple modeling centers (see dso Chapter 6).

Enhance Model Credibility through a Formal Program of Model Testing

In moving towards the development of a more operationa gpplied climate modeling capability, it
is necessary that models be put through a more rigorous program of testing than has been the
caseto date. For weather prediction, such testing is straightforward: information on the
accuracy of the forecast isimmediately available, and statistics can be generated. For applied
climate modeling, such immediate feedback isimpossible. It is necessary, as climate modding
moves beyond the research domain, that models be formally tested against specific
observational data sets. This needs to be done with sufficient care and fiddlity to detect small
differences in future climate trgjectories. The observations must have tight tolerances for
accuracy, sampling protocols, data availability, and cost, and must meet the criteriafor long-
term stable climate records, as described in Chapter 3. Ladtly, there must be aformdly
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Testing against the climate record.

Mode outputs have long been compared to the globa average temperature record,
with notable successes. But given the number of parameterizations in high-end climate
moddls, it is not clear that that this comparison is sengtive enough (i.e., modds might be
getting the right answers for the wrong reasons). Thisimplies a need for consgtent,
dimate-quality analyzed fields for the climate record of the 20 century with a particular
focus on the last 25 years (for which satellite observations are available) so that models
can be tested againgt such parameters as precipitation and ocean heat content. A
periodicaly repeated reanaysis of the climate record is required, in order to incorporate
new and recovered observational data and recent modeling advances. A particular
need isfor afull exploitation of the satellite datarecord. The operationd satellite
archives must be reprocessed to fully exploit their potentid and properly test model
forecasts. But the operationd archives by themsdves are insufficient and must be
supplemented by current and planned research ingruments (EOS, TRMM, CloudSat)
that target key climate feedback processes. Ladlly, particular attention must be given to
the climate forcing data sets used to drive climate models. These datasets are
themsdlves the source of congderable uncertainty, and their ranges of uncertainty must
be identified.

Itisaso critica that models be tested against the paeoclimatic record. It isnot clear
that the 20™ century will be representative of the future state of the Earth’s dlimate.
Models must be able to represent past sates of the climate system as seen inthe
paleoclimatic record in order to project future States. Paleoclimate proxy data must be
used in the routine model eva uation process.

With regard to the climate record, one of the central areas of controversy has been the
difference between the surface and tropospheric temperature records. To provide
indght into the nature of this difference, a series of mode runswill be carried out
focusing on surface and tropospheric temperatures and the processes that may lead to
their differences. This effort must be coupled with improved andyss of the
observationd record and improved observing systems and techniques to remove
potentid future biases.

Testing against specialized data sets.

In addition to testing models againgt the climate record in generd, there are specidized
data setsthat may be of particular use in isolating climate feedbacks and their
representation in models. There is aneed for an innovative and disciplined comparison
strategy to connect details of the specidized, consistent observations to the structure of
the forecast model. For example, because radiative feedbacks from clouds and water
vapor are the primary contributors to the uncertainty in climate mode forecasts, any
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drategy to improve climate forecasts must test both the integrated globa response of
the modd aswell asthe individua feedback processesthat ultimately determine the
response. Specidized data sets are required to first test smulations of feedback
processes usng smple and/or individua component models (e.g., cloud processes using
atmospheric single column models). Data assimilation methods can aso be used to
examine process representation in models, as has been done successfully in global
aerosol modding. The more demanding and definitive tests must be conducted using
the fully coupled climate sysem modd.

Both branches of this strategy—individua component processes and integrated
response—require either new data sets or an improved interface with existing data sets.

More generdly, there is a need for specific climate benchmark records to provide
absolute values of key measurements for testing climate models. Such benchmark
records would consst of alimited number of carefully sdected measurements focusing
specificaly on climate forcing and response. A focus on accuracy, with measurements
tied to laboratory standards, isakey characterigtic. Current examples of benchmark
measures include sealeve dtimetry, solar irradiance, and atmospheric CO,
measurements. Prospective benchmark observations would include ground and space-
based GPS radio wave refraction, which is adirect function of atmospheric dengity
variaions, and spectrally-resolved absol ute radiances to space.

Sensitivity to unresolved ocean processes.

Of particular note among the key uncertaintiesin climate change modeling is the role of
the ocean. Because of computer resolution, none of the current coupled climate models
resolve the smal ocean eddies (with horizontal scales of tens of kilometers) that
condtitute the dominant scale of oceanic variability. These eddies are thought to play a
substantid role in regulating oceanic heat trangport (via boundary currents) and heat and
carbon storage by regulating transport to deep water. A series of eddy-resolving globa
ocean sengitivity studies are required to assess how well the parameterizationsin current
climate models portray the ocean's sengtivity to forcing. In addition, such sudies will

be used to assess whether the role of margina sea processesin determining the
properties of the dominant ocean water masses and in driving the thermohdine
circulation are captured well by the primary coupled climate models.

Ability to simulate major modes of climate variability.

Another mgor area of climate mode testing concerns the ability of modelsto smulate
known modes of climate variability such asthe El Nifio-Southern Oscillation (ENSO),
the Arctic Oscillation (AO), the Pecific Decadd Oscillation (PDO), and monsoon
systems. The research base examining these is detailed in Chapter 6. While these
modes of variability by their nature may not be predictable, it is nonetheless necessary
that models smulate their amplitudes and frequency structure. If amode does not have
aredistic ENSO cycle present, for example, it cdlsinto question the fundamental
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dynamics of the predictive system. For this reason, verification against data sets
produced by the climate variahility research community is afundamenta aspect of
climate modd tegting.

PRODUCTS AND PAYOFFS

As a near-term product, acritical comparison of the mode sengtivity of mgor US modds will
be undertaken by the mgor modeling centers (1- 1.5 years), followed by publication of a
reviewed interim report (3 years). Considerable progress has been made already, as the
modding and diagnostics communities are devel oping scientific and protocal plans for examining
differences between models, as well as differences between models and observations.

CLIMATE CHANGE IN RESPONSE TO SPECIFIED EMISSIONS SCENARIOS
AND NATURAL FORCINGS

One of the highest priority applications of climate modeling is the development of new, Sate of
the art projections of the impact on global climate resulting from different scenarios of
greenhouse gas emissons. As described in the previous section, well-developed scenarios are
essentia vehicles for asking the centrd “If..., then...” questions. These scenarios must
consder potential economic changes, possible changes in energy sources, and suites of potential
new technologies, dong with possble environmenta changes which may themsdves act as
agents of climate change. Andysis of uncertainties will be included as part of the scenario
exercise.

PRODUCTS AND PAYOFFS
Sets of ensemble global simulations projecting possible climate change at
continental and regional scales from various emissions scenarios. Usng these
scenarios as input conditions, climate modd runswill be generated for research,
assessment, and policy applications for the United States (3 years). These ensemble
model runs then form the basis for regiond anayses, potentialy usng downscaing
techniques (see Chapter 6). The CCRI will coordinate with the IPCC in determining
what scenariosto run. It isimportant that the CCRI modeling plans take into
consideration, and work in the context of, internationa efforts (see Chapter 14).

North American scenarios for short-lived species: tropospheric ozone, sulfur-
based and black carbon aerosols, and methane. Asdescribed in Chapter 5, the
CCSP will furnish aset of scenarios, with uncertainties, that will link potentia changesin
North American pollutant precursor emissons to resulting changes in the radiative
forcing of climate change (4 years). With these radiative-forcing scenarios as part of the
input, smulations of potentid future climate changes can include a meaningfully broader
st of possibilities and hence options.
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STRENGTHENING US APPLIED MODELING CAPABILITY
Severd recent NRC reports have documented the need to strengthen US modeling capability.
In response, anumber of steps will be taken to enhance the US climate modeling capability:

Two Center Strategy.

The US contributions to the IPCC’ s century-long scenario runs and assessments will be
primarily accomplished by the high-end models developed at two complementary high-
end modeling centers. Thefirg, the Community Climate Sysem Modd (CCSM),
operated at the Nationa Center for Atmospheric Research, is an open and accessible
modeling system that integrates basic knowledge from the broad, muiti-disciplinary
basi ¢ research community for research and gpplications. The second modd, developed
at the Geophysica Fluid Dynamics Laboratory (GFDL ), benefits from these community
interactions and will focus on mode product generation for research, assessments, and
policy applications as its principa activity. The success of these two endeavors
depends on modeling of specific aspects or sub-components of the climate system
conducted by multiple US laboratories and universities.

Common Modeling Infrastructure.

To optimize modding resources and enable meaningful collaborations among modders,
it is necessary to build common and flexible infrastructure & our mgor modeling
centers. By adopting common coding standards and system software, researcherswill
be able to test ideas at any of the several magjor modeling centers and the centers
themselves will be able to easlly exchange parameterizations as well as entire modules
50 that each benefits from the other’ swork. Products will include more efficient and
rgpid transfer of research resultsinto model pplications.

Access to Computational Capability.

To improve the effectiveness of the US climate modeling effort, enhanced and stable
computationa resources should be focused on modding activities, induding dimate
variability and predictability on seasond to centennid time scales; nationa and
internationa climate projections and assessments of anthropogenic climate change;
regiona impacts of climate change; assmilation of carbon data; and nationa and
internationa 0zone assessments. These activities will require a substantia increase in
US computationd capatiility in the form of dedicated machine time for climate model
runs.

4. Resources for risk analysis and decisionmaking under uncertainty

Decigonmaking associated with climate change and variability can be viewed as asubset of a
larger class of problems that involve decisonmaking under uncertainty. Decisons are made and
public palicy is developed in many areas other than climate change that involve uncertainties,
such as terrorism and genetic engineering. Although each of these issuesis associated with its
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own unique set of factors, they dl involve the need to understand longer-term risks for systems
where there are many variables, each of which interacts with the others in complex, often
nonlinear ways. Fruitful lines of inquiry include many different gpproaches, such as game theory,
preference eicitation, and decision sequencing.

Advancement of theory, approaches, and resources to improve decisionmaking associated with
climate change and variahility will take avariety of forms. New paradigms will be needed to
better integrate the variable spatia, tempord, and organizationd scales at which interconnected
natural and human systems function. New approaches are needed to conceptualize problems
and to obtain and analyze relevant data from a diverse set of sources. New resources need to
be created that combine improved operationd capabilities with more effective user interfaces,
thereby making them more readily useful to decisonmakers and other stakeholders. These
resources will require integration of the latest advancesin information systems technology with
datistical advances, such as visuaization and stochastic modeling. Also needed are the
development and deployment of more effective forms of communication to facilitate broader
dissemination and implementation of scientific ingghts and information to a broad range of end
users.

PRODUCTS AND PAYOFFS

An accelerated fundamental research program will be put in place to develop applications of
exiging cgpabilities to the issues of uncertainty in the climate change decisonmaking context as
well asto the robugt andysis of risk and vulnerahility of natura resource systems. Additiond
research programs will focus on the development of new resources for addressing scientific
uncertainty in decisonmaking.
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