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The National Climate Assessment (NCA) Report Series summarizes regional, sectoral, and
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PREFACE

In December 2010, the Office of Biological and Environmental Research of the U.S. Department of

Energy in conjunction with the U.S. Global Change Research Program convened a workshop in Arlington,
Virginia to address questions and issues regarding the use of mathematical models for the National Climate
Assessment (NCA). The workshop also addressed the complex issues that arise when data and models are
applied at multiple spatial and temporal scales, an inherent requirement of a national climate assessment.
An Interagency National Climate Assessment (INCA) Task Force provided guidance regarding purpose,
scope, and objectives of the workshop. The results of the workshop in turn offer guidance not only for the
National Climate Assessment but also more generally for future research in the use of models for these
tasks.

The workshop included plenary-session presentations and panels as well as breakout group discussions.
Presentations and discussions covered both global and regional climate models and linkages of these
models to enable regional analyses or downscaling of variables constrained by global model results.
Participants reviewed potential use of carbon cycle and other biogeochemical cycling models as well

as a range of models for analyzing the impacts of climate change on various sectors and within different
regions. Integrated assessment models that relate climate change to human factors were discussed, as
were various options for coupling models (used to assess climate change impacts) to either data on human
activities or models of various human systems. Participants offered significant insights about the use of
models within the overall NCA structure of linked sectors and regions. A number of workshop findings and
recommendations apply to the development of a longer-term, sustained Assessment process.

Prior to the workshop, a small team (with experience in the use of models for climate change assessments
and the associated issues imposed by the need to address multiple temporal and spatial scales) prepared
a white paper to inform assessment planning and stimulate discussion within the assessment community.
Workshop planners and participants found the white paper useful for background information and for
organizing discussions during the meeting. Following the meeting, workshop organizers prepared a letter
report summarizing key findings and recommendations.

This full report of the workshop includes three chapters. Chapter 1 is the letter report and can be read as an
executive summary of the full document. Chapter 2 is the white paper, and Chapter 3 reports the workshop
proceedings, findings, and recommendations. Collectively, the chapters provide a comprehensive summary
of not only the workshop proceedings but also the background material considered by meeting participants.
This report does not reflect a consensus by participants, but rather describes requirements, options, and
challenges as perceived by individual participants in the workshop setting and in their contributions to the
background white paper.

Appendices include the workshop agenda and a participant list.
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1.1 Introduction

This chapter provides a brief background about

the U.S. National Climate Assessment (NCA) and
describes the primary findings and recommenda-
tions of the workshop on Climate Change Modeling
and Downscaling that occurred December 8-10,
2010 in Arlington, Virginia. The U.S. Department
of Energy sponsored the meeting. The material in
this chapter of the workshop report was assembled
initially as a letter report of the meeting to the
National Climate Assessment Development and
Advisory Committee (NCADAC - a federal advisory
committee), and as such provides a brief summary
of the workshop background, proceedings, and find-
ings. Two subsequent chapters address these topics
in more detail.

1.2 Background

The National Climate Assessment (NCA) 2013
report is required under the Global Change Re-
search Act of 1990, which says in Section 106 that
a “Scientific Assessment” must be prepared not less
frequently than every four years and delivered to the
President and Congress. This Assessment must

* Integrate, evaluate, and interpret the findings
of the U.S. Global Change Research Program
(USGCRP), and discuss the scientific uncertain-
ties associated with such findings;

e Analyze the effects of global change on the
natural environment, agriculture, energy
production and use, land and water resources,
transportation, human health and welfare,
human social systems, and biological diversity;
and

* Analyze current trends in global change, both
human-induced and natural, and project major
trends for the subsequent 25 to 100 years.

This last requirement to analyze trends into the
future requires the use of models at various scales
and also the ability to build scenarios that help de-
scribe and analyze future conditions where changes
in climate are only one of a myriad of changing
variables.

Assessments serve important functions by providing
the scientific underpinnings of informed policy.
They also serve as progress reports by identifying
advances in the underlying science, providing criti-
cal analysis of issues, highlighting key findings and
key unknowns that can improve policy choices, and
guiding decision making related to climate change.

The approach that is envisioned for the third NCA
report is a comprehensive assessment of climate
change, impacts, vulnerabilities, and response strat-
egies within the context of how communities and
the Nation as a whole work to create sustainable
and environmentally sound development paths.

A primary goal of the new NCA is to establish a
permanent assessment capacity both inside and
outside of the federal government. This new NCA
will be an ongoing process that draws upon the
work of stakeholders and scientists across the
country. Assessment activities will result in the
capacity to do ongoing assessments of vulnerability
to climate stressors, observe and project impacts of
climate change within regions and sectors, develop
consistent indicators of progress toward reducing
vulnerability, and allow for the production of a set
of reports and Web-based products that are useful
for decision making at multiple levels.

Strategic planning for the new NCA began in early
2010. A draft strategic plan has been developed
within an Interagency National Climate Assessment
(INCA) Task Force that includes members from all
13 USGCRP agencies plus several others. The NCA
will continually solicit input from a broad range

of stakeholders, decision makers, and concerned
citizens to ensure that its vision and implementation
are responsive to their needs. The NCADAC will re-
view research results and technical inputs prepared
by interested organizations, groups, and individuals;
oversee the Assessment process; and prepare the
2013 Assessment report.

1.3 Goals and Objectives of the NCA

The vision for the National Climate Assessment is

to establish a continuing, inclusive national process

that

e Synthesizes relevant science and information;

¢ Increases understanding of what is known and
not known;

¢ Identifies needs for information related to
preparing for climate variability and change and
reducing climate impacts and vulnerability;

e Evaluates progress of adaptation and mitigation
activities;

¢ Informs science priorities;

e Builds assessment capacity in regions and sec-
tors; and

e Builds societal understanding and skilled use of
assessment findings.
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Although the definition of regions to be used in
NCA 2013 was under consideration at the time of
the workshop, it was noted that the ability to deploy
information on the Web will significantly relieve the
pressure to define regional boundaries. If the NCA
can provide information at a number of national, re-
gional, and local scales, the exact boundaries of the
regions become less important. However, at a re-
cent regional and sectoral workshop there appeared
to be consensus for regions roughly analogous to
those defined for the 2009 report, with adjustments
to use state boundaries wherever possible.

There is a strong desire for both understanding
regional climatology and having the capacity to
project conditions at the regional level at multiple
temporal scales, including seasonal to inter-annual,
decadal, and 50-100 years. The need to understand
change in both a transient and end-point framework
was also noted.

1.4 The Role of Modeling in the NCA

The charge for the NCA, as laid out in the Global
Change Research Act, requires an assessment of po-
tential impacts and trends 25 to 100 years into the
future. This charge raises significant issues for the
modeling communities that will be involved in the
NCA. It requires that both physical and economic
models not only be used in a way that captures

our current understanding of climate change, its
impacts, and possible response strategies, but also
to provide forward projections. Thus, there is a clear
need for the use of climate models, impacts mod-
els, and integrated assessment models. The NCA
will need to be completely transparent about the
abilities of various models used to do projections;
where there are measurement, parameterization,

or structural uncertainties; and the degree to which
those uncertainties affect the confidence in findings.
There is also the fundamental need for the develop-
ment and application of fully-coupled models of
human and natural systems.

1.4.1 Climate Models

A range of tools is used to study potential changes

in the climate system, including global climate mod-
els, regional-scale climate models, and Earth system
models of intermediate complexity. High-resolution
climate models allow for improved representation of
fine-scale climate processes, including those associ-
ated with topography, land-cover change, and the
carbon cycle, as well as mixing and circulation in
the atmosphere and ocean. Because these processes

can regulate the response of local and regional
climate to elevated greenhouse gas concentrations,
it is critical that assessments of the potential impacts
of climate change consider fine-scale phenomena.

Regional treatments in global climate models,
whether nested or offline calculations, offer an
opportunity to conduct targeted high-resolution
experiments. However, nested experiments are still
computationally demanding, particularly given the
many dimensions of climate change uncertainty
space that must be probed. For instance, high
resolution is necessary to capture climate processes
at local scales that ultimately inform climate change
impacts. Therefore, an extant climate domain is
necessary to capture the influence of fine-scale
processes and thereby project local-scale changes
across a large geographic area. Alternatively,
ensemble methods that generate multiple model
realizations of a single experiment allow for quan-
tification of the likelihood that simulated climate
changes are due to prescribed changes in climate
forcing (e.g., changes in atmospheric greenhouse
gas concentrations) rather than to internal model
variability.

In the majority of impact studies, results derived
using global climate models are typically down-
scaled from coarse spatial resolution (e.g., 1-3°
latitude x longitude) to a resolution that is relevant
to the process or mechanism that the impact model
is addressing, generally at local or regional scales
(e.g., 0.1-0.3° latitude x longitude). This can be
done either using a regional climate model (with
boundary conditions from a global climate model)
or by using statistical downscaling techniques that
combine modeling results from global or regional
climate models with observational records. For
decision making or for regional evaluation of the
consequences of changing climate, the nature of
downscaled global climate model information to
initialize or drive impact models imposes limita-
tions. We need to understand the variability in
downscaled information that derives from differ-
ences in (1) global climate models from which the
information is derived; (2) the methods by which
the downscaled results were obtained; and (3) how
the downscaled results sample the entire range of
relevant climate variability, including the tails of the
distributions.



1.4.2 Impact Models

Impact models have been used to evaluate and
assess the consequences of changing climate to
human and environmental systems. Impact models
comprise multiple aspects of biogeochemical,
biophysical, rule-based, conceptual, and integrated
responses to climate through various techniques
including process and mechanistic simulation,
statistical and empirical relationships, and time
series analyses. There are many different types

of models that have been used to assess climate
impacts: ecosystem models, which calculate fluxes
of materials and energy within and to and from
ecosystems and are generally used to evaluate the
ways in which such system variables such as net
primary productivity respond to changes in climate;
hydrologic models, which simulate water flow

and quantity at a variety of spatial scales; dynamic
vegetation models, which simulate disturbance

and long-term trends in vegetation geographic
distributions as a function of change in the climate
system; and agricultural productivity models, which
simulate changes in agricultural production. These
are just a few of the many types of models that have
been used in the past in climate impact assessments,
and they will also have a role to play in the current
National Climate Assessment.

Since impacts that result from climate and or land
use change can in turn affect future climate, there is
increased recognition of the need to couple predic-
tions of impacts back into climate calculations.
Previous U.S. assessments (e.g., NAST, 2001) and
the U.S. Climate Change Science Program Synthesis
and Assessment Products provide information about
how climate change could impact productivity,
quality, and vulnerability within various sectors
(e.g., forests, rangeland, water, livestock production,
ecosystem, coastal, marine, human health, and
transportation systems), with an acknowledgement
of these limitations.

1.4.3 Integrated Assessment Models
Integrated assessment models simulate the interac-
tions between human decisions in the energy sector
and both carbon and physical climate systems as
components of an overall Earth system approach.
Historically, they have been used to simulate
greenhouse gas emissions trajectories as a function
of different mitigation targets, usually over the 21¢
century. They include the major interactions with
other components of the Earth system, and most
include a reduced form model that can be used

to calculate global radiative forcing, if desired. All

such models have representations of agricultural
productivity to meet food demands. There are only
a small number of sophisticated integrated assess-
ment models in existence, although more are being
developed.

There are differences in the degree of foresight

that integrated assessment models assume in their
simulations, in the delineation of regions for analy-
sis, and in the degree of specificity with which they
describe energy technologies. A critically important
feature to note about integrated assessment models
is that although they are based on observations of
energy and agricultural variables as well as relation-
ships between energy production and greenhouse
gas emissions, they are not used to predict societal
decision making. Rather, they are used to evaluate
the potential consequences of different decision tra-
jectories, usually with respect to mitigation targets.

As integrated assessment models have developed,
many now also include land-use decisions (e.g.,
forestry) as part of their analysis—at least that com-
ponent of land use that is directly related to meeting
demands for food and that interacts in various ways
with the energy system (Wise et al., 2009). These
relationships are captured in the model results being
used in the fifth assessment report of the Intergov-
ernmental Panel on Climate Change (IPCC); for
example, in their calculations of the emissions and
greenhouse gas concentration trajectories - known
as representative concentration pathways (RCP’s)
(Moss et al., 2010; Thomson et al., 2010).

1.5 Issues of Importance for the NCA

There are many ways in which the various families
of models that will play a role in the NCA will be
improved over the next several years and decades.
A critically important feature of the workshop was
to focus on those issues that are of the highest
importance to the NCA itself. We identify six such
issues below, and summarize the workshop partici-
pant comments about these:

1. How will the output from global climate models
be used to describe local and regional climate
projections in the NCA?

2. How will emissions scenarios be defined and
used in the NCA? How are these scenarios
related to scenarios of vulnerability in both
human and natural systems, and how will those
be modeled?

3. What is the relationship between Phase 5 of
the Coupled Model Intercomparison Project



(CMIP5) efforts at global model intercompari-
sons and model output that will be used in the
NCA?

4. How will inter-sectoral impacts be modeled in
the NCA, and which inter-sectoral impacts are
key to informing regional decision making in
the context of climate?

5. How will model uncertainties be characterized
and quantified in the NCA?

6. How might integrated assessment models be
used in the NCA?

For each of these questions, the following sections
summarize the discussions and workshop recom-
mendations. These are not consensus opinions of
all workshop participants but represent the best
judgment of the authors (derived from workshop
deliberations) as to options that the NCA and its
federal advisory committee might consider.

How will the output from global climate models be
used to describe regional climate projections in the
NCA?

The workshop and white paper outline several pos-

sible methods for downscaling global model output

for use in regional studies and models. As a result of
those discussions, there are several options for the

NCA to consider:

e Use existing global model runs from Program
for Climate Model Diagnosis and Intercom-
parison (PCMDI), focusing most on the Phase
3 Coupled Model Intercomparison Project
(CMIP3) archive, and downscale the results
using one of many possible regional models
or through subsequent statistical analyses. The
specifics of which model to use and which
variables to focus on will depend on the
representativeness of the modeling tools and the
particular analyses desired for each region.

* Use existing regional model runs from the North
American Regional Climate Change Assessment
Program (NARCCAP) and other research pro-
grams to form the basis for subsequent analyses.
These have been done using global runs from
CMIP3 to provide initial conditions from a
selection of global climate models. Thus, the
approach could be viewed as a variant of the
first option, but not necessarily requiring new
climate modeling to be done. However, these
model results need to be carefully scrutinized as
part of the analysis process.

e Construct a unified national, high-resolution
data set with either statistical downscaling or
dynamic regional models, but do not attempt

Modeling and Downscaling:
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to tailor it either to specific impact studies or to
specific regions. This is basically the procedure
that was used in the first national assessment.

How will emissions scenarios be defined and used
in the NCA? How are these scenarios related

to scenarios of vulnerability in both human and
natural systems, and how will those be modeled?
There was extensive discussion of emissions
scenarios in the context of questions about using
the CMIP3 family of models versus the CMIP5
family of global models. Part of the reason for this
discussion was that the scenarios described by the
IPCC Special Report on Emissions Scenarios (SRES)
(Nakicenovic and Swart, 2000), while providing a
range of possible emissions futures, do not include
explicit stabilization pathways. The CMIP5 scenar-
ios that use the IPCC Representative Concentration
Pathways (RCPs) do include explicit stabilization
scenarios at 4.5 watts per square meter (W/m?) and
6 W/m? as well as an overshoot and stabilization at
2.6 W/m?. There was concern voiced that because
both Working Groups | and Il of the IPCC fifth
assessment process plan to report on results based
on CMIP5, that the NCA ought to have some way
to provide comparability in terms of atmospheric
concentrations and greenhouse gas emissions, since
the initial reporting from the NCA will be so close in
time to the planned release of the IPCC reports. This
is explored in greater detail below.

What is the relationship between the CMIP5 efforts
at global model intercomparisons and model
output that will be used in the NCA?

A majority of workshop participants felt that while it
would be desirable to use model results from CMIP5
in order to maximize the ability to do comparisons
with the IPCC fifth assessment, the simulations
themselves are very unlikely to be available in time
for full use in the NCA. In addition, the global mod-
els that are included in CMIP5 intercomparisons are
new versions of existing atmosphere-ocean general
circulation models, with some model runs at higher
resolution than for those involved in the fourth [IPCC
assessment, and many of the new models have in-
corporated new atmospheric physics and an active
carbon cycle, and in some cases the nitrogen cycle
as well. The performance of these new models will
be less well understood for some time to come, and
literature describing them will take time to emerge.
In contrast, the performance of the models that were
part of CMIP3 is quite well known, and there is a
wealth of literature describing them.



A potential solution was discussed, which takes
advantage of the fact that the RCPs intentionally
cover a wide range of forcings at the end of the 21
century. The SRES emissions scenarios that approxi-
mate the range of the RCPs which were also the
drivers for the CMIP3 model runs, can be mapped
onto the most similar RCP, including the stabiliza-
tion RCP’s. The model runs from the CMIP3 archive
could then be scaled to RCP-based results, assuming
that the relatively small differences in forcings are
either unresolvable in climate system results or can
be scaled statistically in some reasonable way. The
details of the scaling would need to be worked out,
but this approach would result both in using models
in which the scientific community has some famil-
iarity and in providing a way to compare results
with the newest emerging literature, and with the
fifth IPCC assessment. In addition, an overview of
differences and similarities in expected future condi-
tions based on the CMIP3 and CMIP5 approaches
could be included in the 2013 Assessment report.

How will inter-sectoral impacts be modeled in the
NCA?

Single sector impacts will continue to have an
important place in the NCA, as they have in
previous climate impact assessments. But one of
the weaknesses of such studies, also identified in
previous assessments, is that impact sectors clearly
interact with one another. For example, water issues
interact with energy, agriculture, and ecosystem is-
sues. Issues of energy supply and demand compete
for land with agriculture, forestry, and unmanaged
ecosystems. Impacts on ecosystem processes and
biological diversity interact with each other and
with overall needs for water and for agricultural
productivity. If the NCA is going to be able to char-
acterize and evaluate both impacts and adaptation
strategies, it is clearly important that we begin to
understand how these impact sectors interact with
each other.

A potential solution to this problem may have two
components. One component could be to ensure
that there are multi-sectoral, interdisciplinary teams
that are tasked with analysis of such interdisciplin-
ary, inter-sectoral problems. For example, within

a region, a small team that includes hydrologists
and agricultural experts might be tasked with the
assessment of those cross-sectoral issues. A second
component of a potential solution could be to begin
using models that are explicitly multi-sectoral. Such
models are beginning to appear in research groups
around the country, i.e. groups in which models of

hydrology, agriculture, ecosystems, etc. have either
been coupled directly, or in which groups of inves-
tigators in those disciplines have been assembled
specifically to address interdisciplinary resource
problems. A challenge to this second mode is that
the integrated models are only beginning to appear
in the scientific literature, so there would need to be
careful coordination with sponsoring agencies and
the scientists themselves to ensure that stakeholder
consultation occurs and that only well-reviewed
results are used in the NCA.

How might interdisciplinary, integrated assessment
models be used in the NCA?

Of all the types of models that are relevant to the
NCA, the integrated assessment models (IAMs) are
perhaps at the most preliminary stage of develop-
ment in terms of their use for impact and vulner-
ability analyses. Integrated assessment models have
a long history of use for research into greenhouse
gas emissions. Such models have been used for
decades to investigate scenarios of the evolution of
the energy system in terms of the mix of technolo-
gies for generating and using energy services and
the resulting greenhouse gas emissions as a function
of economic growth and development and changes
in energy or climate policies.

However, as described in Janetos et al. (2009), the
IAM community puts high priority on developing
capabilities to use the IAMs to describe climate
impacts and adaptation in a way that will allow
quantification of tradeoffs and sectoral interactions.
There is, in addition, a long history in the IAM
community of driving individual resource models
with output from the [AMs to understand regional
impacts. Each of the current modeling groups has
existing efforts underway with respect to land-use
futures, biofuels, and both ecosystem and agricul-
tural productivities that could be used in the context
of the NCA.

Whether existing research efforts on regional
integrated modeling will be immediately acces-
sible by the NCA depends critically on timing of
integrated assessment model development. If model
results and published papers need to be completed
and evaluated within the next 12 months, it will be
very difficult to use the newest, most sophisticated
models. This situation is analogous to the problems
that are likely to be encountered in attempting to
use CMIP5 global climate models.
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How will model uncertainties be characterized and
quantified in the NCA?

Workshop participants were of the opinion that a
transparent treatment of model uncertainties in all
types of models used in the NCA is highly desirable.
This perspective was not limited to climate models
— although that is where the topic has arguably
received the most attention — but should also
extend to the use of impact models in different do-
mains (e.g., ecosystems, agriculture, and hydrology)
and to the use of integrated assessment models. The
NCA will likely want to make available all papers
and documentation of model performance, model
sensitivities to different parameters, evaluations of
models compared to observational data, estimates
of structural uncertainty (should they exist), etc.
However, because it is unlikely that there will be
new resources available for additional uncertainty
characterization, the NCA will need to rely primar-
ily on already existing studies for this information.
Of particular concern is the development of meth-
ods for characterizing the uncertainties that are in-
herent in regional climate scenarios. The workshop
reviewed several different methods for producing
regional scenarios and methods for evaluating the
uncertainties associated with the scenario products
themselves. Uncertainties in regional model results
should be of high priority because regional climate
scenarios will be used extensively throughout the
NCA.

It would be useful to have an overall guidance
document on model uncertainties as reference
material for the NCA, especially since much of the
modeling itself may be used in a decision-making
context rather than in a purely scientific context.

So the degree to which different uncertainties in

a model actually matter to a particular decision is
likely to vary a great deal from case to case, and the
NCA needs a clear way to systematically describe
this character of model uncertainties.
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2.1 Introduction

The purpose of this chapter is to address a series of
issues related to the use of models in the National
Climate Assessment (NCA). While a major focus

is on the use of climate models, there are also
many other types of models that will be used in the
NCA—ecosystem models, agricultural productivity
models, integrated assessment models, hydrologic
models, etc. But while distinct issues and assump-
tions are associated with each of these different
kinds of models, there are general features of using
models in the NCA that should be considered. This
chapter begins a dialog on the use of models in
the NCA and on longer-term research investments
that are necessary to ensure that future Assessment
activities can build on a continually improving
foundation of models.

2.2 Background

The NCA 2013 report is required under the Global

Change Research Act of 1990, which says in

Section 106 that a “Scientific Assessment” must be

prepared not less frequently than every four years

and delivered to the President and Congress. This

Assessment must

¢ Integrate, evaluate, and interpret the findings
of the U.S. Global Change Research Program
(USGCRP) and discuss the scientific uncertain-
ties associated with such findings;

¢ Analyze the effects of global change on the
natural environment, agriculture, energy
production and use, land and water resources,
transportation, human health and welfare,
human social systems, and biological diversity;
and

* Analyze current trends in global change, both
human-induced and natural, and project major
trends for the subsequent 25 to 100 years.

This last requirement to analyze future trends re-
quires the use of models at various scales, and also
the ability to build scenarios that help describe and
analyze future conditions where changes in climate
are only one of a myriad of changing conditions.
Assessments serve important functions by providing
the scientific underpinnings of informed policy.
They also serve as progress reports by identifying
advances in the underlying science, providing criti-
cal analysis of issues, highlighting key findings and
key unknowns that can improve policy choices,
and guiding decision making related to climate

change. The approach envisioned for this third
National Climate Assessment is a comprehensive as-
sessment of climate change, impacts, vulnerabilities,
and response strategies within the context of how
communities and the Nation as a whole can work
to create sustainable and environmentally sound
development paths.

A primary goal of the National Climate Assessment

is to establish a permanent assessment capacity both

inside and outside of the federal government. This

new capacity will be an ongoing process that draws

upon the work of stakeholders and scientists across

the country to produce future assessments. Assess-

ment activities will stimulate expanded capacity to

e Conduct research relevant to vulnerability to
climate stressors;

e Observe and project impacts of climate change
within regions and sectors;

e Develop consistent indicators of progress
toward reducing vulnerability; and

e Allow for the production of a set of reports and
Web-based products that are useful for making
decisions at multiple levels.

Strategic planning for the new National Climate
Assessment began in early 2010. The Interagency
National Climate Assessment (INCA) Task Force,
which includes members from all 13 agencies
participating in the U.S. Global Change Research
Program (USGCRP) and several others, produced
a draft strategic plan. To ensure that the vision and
implementation of the NCA are responsive, the
Assessment will solicit input from a broad range
of stakeholders, decision makers, and concerned
citizens. A federal advisory committee will review
research results and technical inputs prepared by
interested organizations, groups, and individuals;
oversee the Assessment process; and prepare the
2013 Assessment report.

2.3 Goals and Objectives of the NCA

The vision for the National Climate Assessment is to

establish an ongoing, inclusive national process that

e Synthesizes relevant science and information;

* Increases understanding of what is known and
not known;

¢ Identifies needs for information related to
preparing for climate variability and change and
reducing climate impacts and vulnerability;

* Evaluates progress of adaptation and mitigation
activities;

¢ Informs science priorities;



e Builds assessment capacity in regions and sec-
tors; and

e Builds societal understanding and skilled use of
assessment findings.

Although the definition of regions to be used in
2013 NCA report is still under consideration, it has
been noted that the ability to deploy information on
the Web will significantly relieve pressure on defin-
ing regional boundaries. If the NCA can assemble
information at a number of national, regional and
local scales, the exact boundaries of the regions be-
come less important. However, at a recent regional
and sectoral workshop there appeared to be con-
sensus that for the report there will be regions that
are roughly analogous to those defined for the 2009
report, with adjustments to use state boundaries
wherever possible. There is a strong desire for both
understanding regional climatology and having the
capacity to project regional conditions at multiple
temporal scales, including seasonal to inter-annual,
decadal, and 50-100 years. The need to understand
change in both a transient and end-point framework
was also noted.

2.4 The Role of Modeling and Associ-
ated Uncertainties in the NCA

The charge for the NCA, as laid out in the Global
Change Research Act, requires an assessment of
potential impacts and trends 25 to 100 years into
the future. This charge challenges the modeling
communities that will be involved in the NCA. First,
it requires that both physical and economic models
not only be used in a way that captures our current
understanding of climate change, its impacts, and
possible response strategies, but also to provide
forward projections. Thus, there is an inescapable
requirement to bring expertise from these disciplines
into the Assessment process using a variety of mod-
els capable of projections. Second, the NCA will
need to be completely transparent about the abili-
ties of the various models used to do projections;
where there are measurement, parameterization,

or structural uncertainties; and the degree to which
those uncertainties affect the confidence in findings.
Lastly, this also highlights the fundamental need for
the development and application of fully coupled
models of human and natural systems.

The following sections discuss the potential roles of
different families of models in the National Climate
Assessment.

2.4.1 Climate Models

Uncertainty in modeling future climate change can
be characterized broadly as resulting from three
main sources: (1) internal or natural variability,
characterized by model initial conditions and
internal variability; (2) model structure and param-
eterization; and (3) alternative emissions trajectories
that result from human decision making (Hawkins
and Sutton, 2009). For both temperature and
precipitation, analyses suggest internal variability
is the dominant source of uncertainty over shorter
time frames of years to decades. Model uncertainty
dominates through mid-century for global tempera-
ture and end-of-century for regional temperature
change and for precipitation at all scales, while
scenario uncertainty becomes the main source of
uncertainty in global temperature by the end of the
century (Hawkins and Sutton, 2009; 2010).

While short-term global climate model experiments
are being conducted at non-hydrostatic resolutions,
most global model experiments are still confined to
resolutions that do not capture the fine-scale spatial
and temporal heterogeneity that can be critical for
determining climate change impacts. Land surface
features such as topography and land cover con-
tribute to the response of local and regional climate
to elevated greenhouse gas concentrations, and it
is critical that assessments of the potential impacts
of climate change consider physics at these fine
scales. Capturing such physical details is, however,
computationally demanding, particularly for the
global domain.

Nested, or regional climate models offer capabilities
for conducting targeted, high-resolution experiments
with reduced computational demands. These nested
experiments are, however, also computationally
intensive, particularly given the many dimensions of
the climate change uncertainty space that must be
probed. For instance, high resolution is necessary

to capture climate processes at the local scales that
ultimately determine climate change impacts, while
large domain extent is necessary to capture the
influence of fine-scale processes on large-scale dy-
namics and thereby to accurately project local-scale
changes across a large geographic area. However,
few of these model experiments are dynamically
nested to allow for simultaneous two-way exchange
of information between the nested regional and
global models.

Ensemble methods that generate multiple model
realizations of a single experiment allow for quan-
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tification of the likelihood of simulated climate
changes due to prescribed changes in climate
forcing (e.g., atmospheric greenhouse gas concen-
trations) and uncertainty in climate sensitivity rather
than internal variability. Likewise, long-term model
integrations (e.g., centennial) make it possible to
capture climate response to transient changes in
radiative forcing, including potential changes in
multi-annual and multi-decadal climate variability.

Additionally, relative to observations, the global
climate model projections under-sample the al-
lowed range for regional climate prediction. In other
words, the significant range of unlikely, anomalous
change represented through statistics (e.g., low-
probability, high-impact events) are not contained

in the probability functions implied by global
climate models.

Finally, scenario uncertainty addressed by employ-
ing a range of emissions or concentration scenarios
allows for consideration of the range of likely
future human development pathways, while model
intercomparisons and parameter sensitivity studies
are needed to constrain the uncertainties associated
with model formulation.

Taken together, these three sources of uncertainty
demand a large suite of high-resolution model inte-
grations covering a range of plausible model initial
conditions, parameterizations, and resolutions, as
well as alternative scenarios to investigate uncer-
tainty associated with their underlying assumptions.
While such integrations are becoming more com-
mon, computational and human resources remain
limiting factors in achieving complete high-resolu-
tion ensemble calculations.

2.4.2 Impact Models

Using global climate model simulations as inputs,
impact models have been used to evaluate and
assess the consequences of changing climate for
human and environmental systems. In contrast to
the physically-based global climate models, impact
models can simulate multiple aspects of biogeo-
chemical, biophysical, rule-based, conceptual and
integrated-response models through various tech-
niques including process and mechanistic simula-
tion, statistical and empirical relationships, and time
series analyses.

Uncertainty in impact models arises primarily
from model uncertainty—specifically, the degree
to which the models accurately incorporate and

are able to simulate the many factors influencing

a given system or sector and how climate change
might interact with existing drivers of change.
Additional uncertainty arises from the fact that

in the majority of impact studies, global climate
model simulations typically are downscaled from
a relatively coarse spatial resolution of 1° to 3° of
latitude or longitude to a resolution that is relevant
to the process or mechanism that the impact model
is addressing, generally at local or regional scales,
sometimes as fine as 100 m. Issues related to
downscaling and regional climate projections are
addressed in subsequent sections of this document.

Many different types of models have been used to
assess climate impacts. Impact models include: eco-
system models, which calculate fluxes of materials
and energy within and to and from ecosystems and
generally are used to evaluate the ways in which
such system variables such as net primary produc-
tivity respond to changes in climate; hydrologic
models, which simulate water flow and quantity at a
variety of spatial scales; dynamic vegetation models,
which simulate disturbance and long-term trends

in vegetation geographic distributions as a function
of change in the climate system; and agricultural
productivity models, which simulate changes in
crop yields, water demand, and other agricultural
inputs and outputs. These are just a few of the many
types of models that have been used in past climate
impact assessments and will have a role to play in
the current NCA as well. As impacts that result from
climate and or land use change can in turn affect
future climate, it is becoming increasingly clear that
capabilities for coupling predictions of impacts back
into climate calculations are a key development
priority.

Previous U.S. assessments (e.g., NAST, 2001) and
the Climate Change Science Program Synthesis and
Assessment Products provide information about
how climate change could impact productivity,
quality, and vulnerability within various sectors
(e.g., forests, rangeland, water, livestock produc-
tion, ecosystem, coastal, marine, human health,
and transportation systems), with an acknowledge-
ment of these limitations. As natural resources are
constrained or limited through extraction or com-
petition, it will be important that this NCA capture
integrated analyses that incorporate simultaneous
and multiple sector analyses (e.g., competition for
land, water, and energy) at regional scales in the
context of global change.



2.4.3 Integrated Assessment Models
Integrated assessment models (IAM) simulate the
interactions between human decisions in the
energy sector and both carbon and physical climate
systems, as components of an overall Earth system
approach. Historically, they have been used to
simulate greenhouse gas emissions trajectories as

a function of different development assumptions

or mitigation targets, usually over the 21 century.
[AMSs include the major interactions between the
human economy and other components of the Earth
system, and most include a reduced form model
that can be used to calculate global radiative forcing
from human-produced greenhouse gases, if desired.
All models include representations of agricultural
productivity as needed to meet food demands,
although these are generally not linked to climate
changes except in the broadest sense.

Integrated assessment models differ significantly

in the degree of foresight that they assume in

their simulations, in the delineation of regions for
analysis, and in the degree of specificity with which
they describe energy technologies. Over the past
decade, there have been significant changes in the
evolution of IAMs, both in the U.S. and internation-
ally. Although there are only a small number of
sophisticated IAMs in existence, more are in the
process of being developed. In creating these more
sophisticated models, emphasis is being placed on
improving model representations of processes in the
terrestrial carbon cycle and their linkages to climate
models. The most complex of these models now
include interactive land-use components in order to
enable carbon accounting. These models can also
be linked to process-based ecosystem or agricultural
productivity models; operate at multiple spatial and
temporal scales; and can be used to generate prob-
ability density functions of emissions trajectories.
Janetos et al. (2009) provide more detailed infor-
mation about the research agenda that has been
delineated by the IAM community.

A critical feature to note about IAMs is that al-
though they are based on empirical observations
on the energy and agricultural sectors and on the
relationships between energy production and
greenhouse gas emissions, they are not used to
predict societal decisions. Rather, they are used to
evaluate the potential consequences of different
decision trajectories, usually with respect to mitiga-
tion targets. As they have developed, many models
now also include land-use decisions as part of their
analysis—at least that component of land-use that

is directly related to meeting demands for food and
that interacts in various ways with the energy system
(Reilly and Paltsev, 2009; Wise et al., 2009). These
relationships are captured in the models” contri-
butions to the IPCC fifth assessment process, for
example, in their calculations of the emissions and
greenhouse gas concentration trajectories known as
representative concentration pathways (RCPs) (Moss
etal., 2010; Thomson et al., 2011).

The primary source of uncertainty in IAMs arises
from climate sensitivity and damage functions (an
economic functional representation of negative
impact of climate change) that are integral to the
primary purpose of these models: that of represent-
ing the potential evolution of human society and
economics. This uncertainty tends to interact with
uncertainties associated with emissions projections,
including aerosols such as sulfur. The largest overall
sources of uncertainty in [AMs appear to be future
demands for energy in the developing world as
incomes and labor productivity increase and with
technological changes in energy production (Scott
et al., 1999).

In an analogous fashion to climate models, the
integrated assessment models are evolving from
their primary focus on global emissions to concerns
about regional changes, and from mitigation to

the other aspect of human decisions about climate
challenges, adaptation. The major modeling groups
either have now or soon will have regional versions
of their IAMs, and these are being designed in ways
to interact closely with more detailed models of
various impact sectors, including impacts on the
energy sector itself. And because both the global
models and their newer regional versions deal ex-
plicitly with interactions among different sectors and
Earth system components, they are potentially well
positioned to address the questions of multiple stress
and multiple sector responses that are important to
the NCA. In the future, coupling these models to
create fully functional climate, carbon, and land-
use models will ultimately be needed for the most
accurate predictions.

2.5 Establishing User Needs in the NCA

The NCA is being built around the concept that
society needs the best available science in order to
understand: (1) how the climate system is chang-
ing, (2) what the impacts are likely to be, (3) what
uncertainties or risks are associated with these
potential impacts, and (4) what additional informa-
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tion is required to build resilience into both natural
and human systems through societal response and
sound planning. Such information may take many
different forms—from best estimates of regional
climate change, to estimates of the costs and po-
tential efficacy of different adaptation decisions, to
estimates of the extent and cost of potential mitiga-
tion actions and their environmental consequences.
Public and private decision makers, natural resource
managers, city planners, and many others have
needs and desires for information, much of which
will ultimately come from models or from the use of
models to extrapolate or interpolate available data.
It is of high priority to understand and incorporate
these models into the NCA in order to determine the
degree to which the scientific modeling communi-
ties can best respond.

2.5.1 Regions

A strong focus in the new Assessment is on key sec-
tors to define specific vulnerabilities and adaptation
options. At the same time, people of the U.S. iden-
tify and make decisions within the regions in which
they live, including their shared issues, resources,
and landscapes. Thus, it is important to integrate the
Assessment findings into a regional analysis.

In the past decade, since the first national assess-
ment, there have been a number of local and
regional climate impacts assessments, with foci
ranging from specific cities like Chicago and New
York to large regions like the Northeast and the
Midwest. These assessments provided extensive
input for identifying vulnerabilities and for consider-
ing adaptation and mitigation policy options, but
because of time constraints, made limited use of
downscaling approaches from global climate model
results, generally using statistical approaches. For
future assessments, including the 2013 NCA report,
there is an opportunity to revisit what modeling and
assessment capabilities are needed at the local and
regional scale to enhance our ability to more ac-
curately define the range of possible vulnerabilities
and policy options at the local to regional scale.

Specifically, the current NCA should strive to
effectively combine the results from a suite of
regional climate models and from a limited set
of very high-resolution simulations using one or
more global climate models in conjunction with
advanced statistical downscaling approaches to
analyze the potential changes in climate change
across the country. This approach will provide

essential input for vulnerability and adaptation
analyses, representing regional variations in climate
and climate change much more effectively than in
previous assessments.

2.5.2 Impact Sectors

The first national assessment evaluated the potential
impacts in the following five sectors: (1) agriculture,
(2) forests, (3) health, (4) water, and (5) coastal
areas and marine resources. The assessment used
models to evaluate the potential impact of changes
in the climate system on the overall status of each
sector, and where possible, on the biogeochemical
or physical processes inherent in each. The focus of
the first assessment was primarily on using models
to do this evaluation in concert with downscaled
data from two general circulation models, both of
which used the same business-as-usual emissions
scenario (IPCC, 2001; NAST, 2001). Ensemble
climate model results were not used, as ensembles
at the time had not saved the right data to drive the
sector models.

The second national assessment, Global Climate
Change Impacts in the United States (Karl et al.,
2009), used a very different approach. It began
with a slightly larger set of seven impact sectors:

(1) water resources, (2) energy supply and use, (3)
transportation, (4) agriculture, (5) ecosystems, (6)
human health, and (7) society. In addition, because
the impacts report was largely a synthesis of the
conclusions of the many Synthesis and Assessment
Products developed by the Climate Change Science
Program as well as literature published since the
2000 assessment, there was a much more mixed
use of models at the sectoral level. In some cases,
modeling played a key role in representing sector
sensitivity.

For example, crop modeling continued to be an
important feature of understanding agricultural im-
pacts, as was hydrologic modeling for understand-
ing the sensitivity of the water sector (CCSP, 2008).
In other cases, e.g. transportation, modeling played
a key role in evaluating the climate-related stresses
to which the sector might be subjected. In that case,
sea-level rise modeling in the Gulf Coast region was
a critical feature of the assessment of the transporta-
tion sector’s sensitivity to environmental stress, but
modeling of the transportation sector itself was not
as critical a feature (Savonis et al., 2008). And in
other cases, e.g., ecosystems, the use of models at

a sectoral level played a small role in the impacts
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report, as it focused primarily on observed changes
in ecosystems that were related to changes in the
physical climate system (CCSP, 2008).

As with the 2000 national assessment, no new
climate modeling was done specifically for the 2009
report, but instead there was a reliance on the pub-
lished literature to determine the possible impacts
of lower and higher emissions futures. Unlike the
first assessment, however, there were ensemble
results available in the literature that could be used
to characterize those potential outcomes, in part
because the climate model output generated for the
assessment was not used to drive impact models
directly due to the more limited scope of the report.

In the current NCA, the list of sectors to be inves-
tigated stems primarily from existing legislation,

but has been broadened substantially to include a
series of inter-sectoral evaluations. For example,
the interactions of the energy sector, water, and
land use (including agriculture, forestry, and natural
ecosystems) are critically important for under-
standing potential impacts of climate change on a
regional basis (Janetos et al., 2009). The use of IAMs
in concert with other models provides a set of tools
for doing such analyses for at least some case-study
sectors and regions of the U.S.

A primary challenge for the NCA will be defining
the needs of the individual sector or multi-sectoral
analyses with respect to modeling. Will modeling
primarily be used to represent the changing physi-
cal and climate stresses on sectors of concern? Will
sector models be used to evaluate sensitivities, or
will there be some combination of these uses? What
are the adaptation and mitigation decisions in each
sector that would benefit from being informed by
the use of models? And for extant models, what is
the scientific community’s ability to characterize the
uncertainties in both data and model structure that
affect the confidence that one should ascribe to the
results of analyses?

2.6 Interaction of Adaptation and
Mitigation

Until recently, mitigation by reducing greenhouse
gas emissions or increasing their sinks as well as
adaptation by altering behavior or management to
address the consequences of climate change have
been considered separate societal responses to
climate change. But it is increasingly clear that both
mitigation and adaptation strategies are necessary

and that those responses have the potential to in-
teract with each other. A clear understanding of the
trade-offs and consequences of these interactions as
they apply to sectors and regions is needed.

There is a spectrum of characteristics and opportu-
nities for mitigation and adaptation strategies. For
example, physical (e.g., the availability of water or
sufficient soil fertility) or economic (e.g., the avail-
ability of physical infrastructure) constraints towards
the implementation of different energy technologies
(e.g., biofuels) or mitigation strategies (e.g., carbon
capture and storage) are challenges that could be
considered jointly, rather than from sectoral (e.g.,
ecosystem versus energy) perspectives. Indeed,
mitigation and adaptation strategies should be con-
sidered as a continuum of options, from the active
policy to reduce greenhouse gas sources or enhance
greenhouse gas sinks, to the modification of energy
infrastructure, to the development of societal and
natural systems resilient to change and the adaptive
management of ecosystems. Some examples include
the de-carbonization of energy sources and prolif-
eration of electric vehicles for transportation on the
mitigation side, and developing wildlife corridors,
improving building energy efficiencies, and building
sea walls on the adaptation side.

There likely are several options where mitigation
and adaptation strategies can be mutually benefi-
cial. For example, health experts have highlighted
the potential co-benefits of designing cities that

are more conducive to walking, which could both
reduce greenhouse gas emissions from transporta-
tion and improve human health, thereby reducing
vulnerability to climate-related stresses such as heat
waves. Likewise, no-till agriculture often enhances
the greenhouse gas sink and improves water use
efficiency, thereby providing potential adaptation
to decreased water availability. Further, enhancing
forest health could reduce the number of forest fires
and hence the associated carbon dioxide emissions,
while also increasing forest resilience to drought.

Conversely, it is also important to consider poten-
tially antagonistic relationships between mitigation
and adaptation activities. For example, geo-
engineering through stratospheric injection of sulfur
dioxide could impact human health, agriculture,
food security, and ecosystems through alterations

to the hydrologic cycle and availability of photo-
synthetically active radiation for plant production.
Likewise, the impact of land-based carbon seques-
tration on local and regional climate and hydrologic
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balance could be as large as the impact of elevated
greenhouse gas concentrations.

Specific information needs for considering integra-

tive mitigation and adaptation strategies include an

understanding of

e Future climate change and associated impacts,

* Adaptation and mitigation options (including
interactions),

e Potential policy decisions (interactions of
national, state, and local),

e Levels of confidence and uncertainties, and

e Options for continued stakeholder interactions.

2.7 Right-Scaling Model Simulations

The challenge of effectively using models developed
for one class of problems that have a particular
spatial and temporal dimension and applying them
to other problems is at the heart of the Assessment
process. Typically, this has been discussed most
often as the challenge of downscaling climate
model output to spatial or temporal scales that are
useful for analyzing potential climate impacts, but
the problem is not limited to the use of climate
models. For example, some model intercomparison
studies (e.g., Melillo et al., 1995), used model-based
interpolations of historical and current climate
observations to spin-up ecosystem models, and then
downscaled global climate model output for future
simulations. This required substantial thought and
methodological development not only in dealing
with model output, but also in the assembly of ob-
servations (which under-sample high elevations, for
example) and consideration of how those data sets
could be sensibly combined for ecosystem analyses.

The ecosystem models themselves are typically
analogous to single-column models, and their
implementation on larger geographic grids has often
involved highly-parallel simulations. However, the
incorporation of more realistic hydrology, including
river flows and impoundments, creates a need for
more sophisticated approaches to these simulations,
as water balance and flow must be accounted for
on a broader regional basis. Correct scaling in this
context raises different concerns than in the climate
modeling case. Hydrologic models tend to be
in-between—some are intrinsically column models,
while others are explicitly constructed for regional
simulations with somewhat arbitrary areas. While
in practice many of these models are implemented
at 1° latitude x 1° longitude or 0.5° latitude x 0.5°
longitude spatial resolution, these spatial resolu-

tions do not resolve underlying climate and soil
heterogeneities, which vary at much finer scales,
leading to potential errors in prediction. State-of-
the-art models are pursuing 1 km and finer spatial
resolutions with corresponding data requirements at
these scales. To drive mechanistic models of plant
photosynthesis and energy-water balance in these
models, high temporal resolution (diurnal or better)
is also required.

Integrated assessment models, in one sense, have
both of these scaling issues to consider, but another
as well. Economic and technological information
needed to represent the energy sector is not col-
lected on a gridded basis, but rather according to
administrative or legal boundaries and by economic
sector and is thus intrinsically not geographically
specific. In some cases, geo-referencing such
information is simply not reasonable. The challenge
then becomes how to use that information in model
frameworks that are evolving from investigating
century-long strategic issues in global or large
regional mitigation options to analyses of smaller
regions and how to combine that information with
gridded, physical data or model output.

2.7.1 Right-Scaling Climate Models

Local and regional features modify the influence of
global climate change in ways that challenge even
existing regional models. Simulating these patterns
of change is essential to quantifying regional- to
local-scale climate change impacts on both human
and natural systems. Downscaling or simulation of
climate variables at scales finer than those resolved
by the global models therefore represents a funda-
mental tool for the ongoing Assessment process.
Both dynamical (regional modeling) and statistical
downscaling capabilities will be important to the
NCA process.

2.7.1.1 Regional climate models

Akin to global climate models, regional climate
models (RCMs) explicitly solve a set of equations
representing the processes affecting climate, but at
a much finer spatial scale. Regional model simula-
tions, or dynamical downscaling, provide a full set
of consistent climate variables including simulation
of known feedback processes that may affect the
stationarity of the relationship between large-scale
circulation patterns and local climate. Regional
climate models are currently limited to a spatial
resolution of about 10-50 km (100 km?). Although
some have a finer resolution of 3—4 km (9-16 km?)
over very small regions, the models largely have not

21
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been tested and refined for use down to resolutions
below this threshold.

The primary disadvantage of RCM simulations is
that they are computationally demanding and, at
this point, only a limited set of global climate model
outputs are available at the high temporal resolution
required to drive RCM boundary conditions. It is
also important to note that RCMs are analogous to a
digital signal, in that they represent only the subset
of local features and physical processes that are
explicitly resolved by the model.

For the NCA, it will be important to evaluate the
capabilities of existing regional models, particularly
with respect to their ability to represent climate
processes and changes across the U.S. In terms of
future development, finer spatial resolutions are
needed, particularly over regions of high topograph-
ic variability, as are improved parameterizations of
sub-grid-scale physical processes such as convec-
tion and turbulence.

2.7.1.2 Statistical downscaling models

There are many different statistical downscaling
models, ranging from simple to complex. Most

are adequate for average temperature changes

at seasonal to annual scales, but there are large
differences in their abilities to simulate daily values
and particularly extremes. Precipitation presents
additional complications, particularly related to
determining the best choice and use of large-scale
predictors.

In contrast to process-based models, statistical
downscaling models operate much like an ana-

log signal, incorporating all local influences on
observations (including observational error) into
future projections. Statistical downscaling methods
are generally cost and time efficient; they can be
generated at the scale of any observational data set,
including station-based and gridded; they are easily
transferable to a variety of applications and loca-
tions; and they directly incorporate real historical
observations into future climate projections for a
given location.

The primary limitation of statistical downscaling

is the assumption of stationarity in the predictor
and predicted value relationship. In other words,
statistical models must assume little to no change in
the climate system feedback mechanisms through
time that connect large-scale circulation features to
local-scale climate. Several studies have developed

methodologies to test this assumption, comparing
future regional model simulations to global climate
model biases and statistical methods (Liang et al.,
2008; Vrac et al., 2007). Initial results suggest that,
at least in some locations, the assumption of station-
arity holds, particularly under lower (as compared
to higher) amounts of change.

Both statistical and dynamical downscaling models
often produce projections of regional and local cli-
mate that are significantly modified from the global
models, but both approaches can be affected by
the quality of the global climate model results used
in their analyses. Neither method is dynamically
coupled with global models, meaning that they
are not yet able to capture local- to regional-scale
climate change feedback processes.

It is clear that any and all downscaling tools pro-
posed for use in the Assessment process should be
thoroughly evaluated using a standardized approach
before being used in the Assessment. Despite the es-
sential role of downscaling in regional assessments,
there is no standard approach to evaluating various
downscaling methods. Hence, impact communities
often have only a vague awareness of limitations
and uncertainties associated with downscaled
projections. A standardized framework of physical
and statistical tests should be used for evaluating
and comparing downscaling approaches.

Initial application of such a framework (Hayhoe,
2010) to a broad range of downscaling methods and
locations has identified the downscaling method
used as a more important determinant of data
quality than station location or global climate model
for many (although not all) aspects of temperature
and precipitation distributions. Key differences
between downscaling methods arise particularly at
the tails of the distribution. These differences can
lead to projected changes in extreme heat days, for
example, that vary by nearly an order of magnitude
between various downscaling approaches applied
to a given location.

The selection of regional models and statistical
downscaling approaches is a key assessment task.
There is no single best way to generate the high-
resolution projections needed for assessing climate
vulnerabilities and adaptation responses across
the entire country. Both statistical and dynamical
(regional modeling) methods have their unique
strengths and limitations, and both approaches,
especially in combination, can be powerful tools
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for assessment purposes. Whether derived using
regional or global models, projected future changes
should be averaged over climatological periods
(20-30 years) to avoid overemphasizing short-lived
trends or misinterpreting results suggesting that
specific events may occur in specific years.

2.7.2 Right-Scaling Integrated Assessment
and Other Models

Like global climate models, integrated assessment
models (IAM) historically have been formulated to
investigate problems of global emissions trajectories
and the mix of energy technologies needed over
very long periods of time (roughly a century) with
long time steps (e.g., 5-15 years), without fine-scale,
geopolitical specificity but with the differentiation
of regions into large political domains (e.g., Western
Europe or Annex | Nations). However, while these
spatial and temporal frames are initially appropriate
for the original problem set, the desire to understand
the interactions with physical and ecological sys-
tems and to represent finer scales of implementation
and the interaction of different sectors also demands
that the IAMs be reformulated to address finer
spatial scales and shorter temporal scales. Linking
IAMs to physical and ecological models in more
sophisticated ways is beginning to address some

of these issues. Other issues are being addressed

by reformulating the models to be truly regional in
nature. This is one of the major research foci of the
IAM research community, and the timing of results
will need to be monitored carefully for the purposes
of the National Climate Assessment.

2.8 Progress Over the Past 5-10 Years

2.8.1 Climate Models

Over the last decade, concerted efforts in the
climate modeling community have focused on: (1)
understanding and better quantifying the uncertain-
ties inherent in model simulations of climate and
climate change; and (2) improving model resolution
and representation of physical processes important
to the climate system.

To understand and better quantify uncertainty,
multi-model ensembles are used to identify com-
mon features in projections of climate change.
Models (CMIP3 and more recently CMIP5) have
established formalized structures that enable models
and evaluations against the climate record of the
recent past. These efforts have provided an unprec-
edented resource for evaluating and comparing
climate model simulations of the recent past and

projections for the near future, with over 500 ar-
ticles based upon data sets produced and assembled
by the Program for Climate Model Diagnosis and
Intercomparison (PCMDI).

For the fifth assessment by the IPCC, PCMDI is serv-
ing as one of the three central archives for model
results from the global climate modeling communi-
ty. The model simulations have been commissioned
under the auspices of CMIP5. The new elements

of this intercomparison include a major focus on
near-term, decadal-length projections designed for
regional climate change and on predictions from
the new class of Earth system models that treat

the coupled evolution of physical, chemical, and
biogeochemical climate processes.

2.8.2 Integrated Assessment and Impact
Models

The historical role for IAMs has been to provide
data and models relevant to understanding the scale
and timing of the drivers of climate change over
decades to century time scales. Over time, IAMs
developed the capacity to simulate emissions and
their associated greenhouse gases, by first introduc-
ing carbon dioxide, then simple climate, followed
by multi-gas and finally, agricultural productivity
and land-use decision making based on economic
rules.

As mentioned earlier, impact models employ a
broad array of process, empirical, conceptual and
statistical tools. They are generally developed and
applied to understand specific natural and human
responses to climate change from primarily sectoral
(e.g., agriculture, ecosystem, human health) per-
spectives. As such, many have evolved to consider
finer scale process information or interactions with
social dynamics in either off-line or simple ways.
For instance, the most advanced terrestrial models
have developed sophisticated representations of
three-dimensional vegetation structures and calcula-
tions of carbon and nitrogen dynamics to account
for land-use and land-management practices (e.g.,
grazing, fire suppression, forest harvest, and fertil-
ization) and natural disturbances (e.g., non-anthro-
pogenic fire). Additionally, some integrated models
use matrices of age-states to account for cohort
dynamics following natural disturbances such as
forest harvest, afforestation, or forest fires. Abrupt
or catastrophic changes in natural systems (e.g.,
wind throw events, insect infestations is forests, or
changes in river routing) are not generally reflected
in impact models; nor do these models account
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for water management (e.g., irrigation to energy
infrastructure demands). However, active research
in this area has led to advances in simulations of fire
and the effects of tropical cyclones.

The challenge for integrated assessment and impact
modeling communities is to develop an integrative
philosophy that considers rapid changes or even
systemic changes as a function of multiple inter-
acting factors including climate change, harvest,
environmental services and socioeconomic values
such that impact responses reflect the diversity of
the systems.

Climate, integrated assessment, and impact models
are functionally linked through a range of shared
interdependencies that include climate information
(e.g., temperature and precipitation), atmospheric
composition (e.g., carbon dioxide and other gases),
land use, and land management. The need for
consistency and linkages across these models has
motivated the international community to develop a
harmonized set of land-use scenarios that smoothly
connects historical reconstructions of land-use
changes (agricultural land-use changes and wood
harvest), based on satellite and other data, with
future projections based on IAMs in the format
required by global climate models and Earth system
models. These harmonized data products provide
the first consistent set of land-use change and emis-
sions scenarios for studies of human impacts on the
past and future global carbon-climate system. The
application of these harmonized data sets will allow
for improved climate, ecosystem, and biodiversity
predictions and impact assessments.

2.9 Currently Available Resources

2.9.1 Climate Models and Outputs
Simulations using CMIP3-generation global climate
models and based on SRES scenarios represent the
largest collection of consistent climate model results
currently available. For the fifth IPCC assessment,
the next generation of global climate models is
being used to simulate responses consistent with

the new representative concentration pathways for
both centennial and decadal predictions. These new
generation models incorporate a number of key im-
provements including higher resolution (typically 1°
latitude x 1° longitude), the carbon cycle coupled
with the climate system, as well as enhanced treat-
ments of important physical processes including the
cryosphere, oceans, clouds, aerosols, and land use,

all of which are known to strongly affect regional
climate change and feedback processes.

Initial comparisons between CMIP3 and CMIP5
generation models suggest noticeable improvements
in the ability to simulate regional precipitation
patterns and seasonal temperature change, as well
as important differences in the geographic distribu-
tion of projected future change. The reliance of both
regional modeling and statistical downscaling on
global climate model outputs as boundary condi-
tions suggest there is a clear benefit to relying on
simulations by the newest generation of global mod-
els. Higher-quality global simulations nearly always
translate into higher-quality regional simulations.

Because of constraints imposed by the schedule

for completion of the 2013 NCA report, reliance
on results from the existing array of CMIP3 model
results may be most feasible. Results from CMIP5
should be evaluated as soon as the new historical
total forcing simulations are available, using crite-
ria directly relevant to the simulation of regional
climate variability and change over the U.S. To the
extent possible, vulnerability analyses and down-
scaling studies should rely primarily on simulations
from the latest version of well-established, well-
documented global climate models that will be
considered by the fifth IPCC assessment and that
demonstrate adequate performance in both CMIP3
and CMIP5 comparisons and against the regionally-
relevant criteria recommended above. High-resolu-
tion global climate model simulations over limited
time periods can be incorporated to further enhance
understanding of the veracity of global climate
model simulations of regional attributes.

As downscaling and impact modeling can be com-
putationally demanding, it will be useful to evaluate
what minimum subset of global model ensemble
calculations approach the multi-model ensemble
means for required forcing to impact models. This
result would enable the development of criteria to
identify a subset of global climate models to be used
for in-depth analyses (at least four to five models,
but not the entire suite of CMIP3 and CMIP5 global
climate models).

2.9.2 Integrated Assessment and Sector
Models

Contributions from U.S. and international integrated
assessment modeling teams to the representative
concentration pathways (RCP) for the fifth IPCC
assessment process are already available. These
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include both emissions and concentrations trajec-
tories from the present day through 2100, with end
points defined as specific values of radiative forcing.
Of particular interest to the NCA are emissions,
industrial activity, and land-use trajectories that
have been downscaled to a regular 0.5° latitude x
0.5° longitude global grid. Because these simula-
tions are complete according to radiative forcing
endpoints for the global climate model experiments,
there is no guarantee that the underlying socioeco-
nomic assumptions for the published scenarios will
be preferred for either sectoral or regional analyses
desired by stakeholders in the NCA. Nevertheless,
they constitute a set of consistent simulations of
changes in energy supply and land uses that provide
considerable comparability with literature assessed
by the fifth IPCC assessment.

Because the downscaling procedures for emissions
and concentrations from the IAM models have been
developed for the RCPs for the fifth assessment, in
principle they might also be applied for new model
runs from IAMs. Which model analyses would make
sense to do in the context of the NCA is not yet
clear.

Articles describing hydrologic, ecosystem, dynamic
vegetation, sea-level rise, and many other types of
models used for impact studies already constitute a
rich literature. Whether or not existing studies have
resulted in archived data sets that are easily accessi-
ble and whether the climate or socioeconomic data
used to drive the models will be consistent with the
choices made in the NCA is unknown, but could be
explored on a case-by-case basis. In most research
and operational teams, the ability to do new model
studies is not so much limited by access to com-
putational resources as it is limited by financial
support and available time. These pragmatic issues
will need to be addressed by the NCA.

2.10 Characterizing Uncertainties

The challenge of characterizing uncertainties in
models, scenarios, and our underlying knowledge
about climate change issues has been analyzed ex-
tensively over the past decade (Hawkins and Sutton,
2009; 2010; Morgan et al., 2005; Moss and Sch-
neider, 2000; Parson et al., 2003). For the most part,
this literature has focused on the serious challenge
of characterizing the uncertainties in the underlying
science, as captured by models. This aspect of un-
certainty is critical—the assumptions and attributes
underlying models used to assess changes in the

climate system or used to assess impacts is clearly a
foundation on which any assessment is built.

There is, however, another aspect of uncertainty that
is particularly important for assessments such as the
NCA that are also meant to be useful in informing

a variety of decision-making processes. This is the
uncertainty in climate or impact variables that is the
most important from the standpoint of those actually
making decisions. This uncertainty has received less
attention in the climate change scientific literature.
But there is broad recognition that from the stand-
point of making decisions about adaptation, man-
agement of natural resources, or changes in energy
supply technologies, that there are many features of
such decisions that are inherently uncertain but that
are not necessarily related to the physical climate
system. Alternatively, it could be the case that
some, but not all, aspects of changes in the physical
climate system are relevant to particular decisions.
Thus, the goal of being relevant to decision makers
introduces substantial complexity into the problem
of characterizing uncertainties, compared to only
considering the underlying physical science.

2.10.1 Evaluating Climate and Impact
Models

There is a long and vigorous history of climate
model evaluation, and such efforts are being
enhanced further and formalized as part of the
IPCC fifth assessment process. However, most of
this effort has focused on evaluating the ability of
climate models to capture purely physical climate
metrics. While many of these metrics are clearly
relevant for climate change impacts, methods for
evaluating the ability of climate models to simulate
climate impacts indicators have not been explored
thoroughly. Just as climate model performance can
vary substantially depending on the physical metric
in question, it is likely that model evaluations could
vary similarly between traditional physical climate
indicators and impacts-oriented indicators. A new
impacts-oriented paradigm may therefore be needed
for reliable evaluation of the ability of different
climate models to simulate climate change impacts.

A key challenge for climate model evaluation is
developing methods for testing the ability of models
to capture not only the baseline climate state but
also the response of climate to changes in forcing.
The past several years have seen a number of no-
table innovations in appraising the physical climate
response, such as using the seasonal cycle to evalu-
ate the representation of snow-albedo feedbacks
and using inter-annual variations to evaluate the
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response of heavy precipitation to warm sea surface
temperatures. Climate change impact assessments
will benefit greatly from the development of similar
methods for evaluating the ability of climate models
to capture not only the relationship with baseline
climate, but also the response to changes in climate.

One of the main challenges to the model evaluation
enterprise is the absence of a unifying principle for
the necessary and sufficient conditions a model
must satisfy in order to provide reliable projections
of the future. In the absence of such a principle, the
community has developed a three-pronged ap-
proach to model evaluation using a combination of
theory and empiricism. First, the processes that can
be formulated from fundamental physical science
are tested against benchmark calculations derived
from the same basic theory. These processes include
atmospheric fluid dynamics, radiative transfer, and
reactive gas chemistry. Second, the predicted states
of the climate system that emerge collectively from
each component model are tested against a rapidly
expanding suite of in situ and remotely sensed
observations at local, regional, and global scales.
The tests also include comparisons against integra-
tive and comprehensive analyses of the historical
climate record, for example global reanalyses
underway in support of the Year of Tropical Con-
vection Project. Third, the features of the models
most directly relevant to impacts and adaptation
are examined using more specialized statistical
tests designed to extract significant signals from

the underlying, unforced variability of the climate
system. The detection and attribution of enhanced
risk of climate extremes is an emerging and increas-
ingly important activity in this field.

Two important trends in model evaluation have
emerged over the last decade. First, model develop-
ers are increasingly aware that in-sample tests—us-
ing the same data set for model construction and
parameter estimation and for model evaluation—are
insufficiently stringent tests of climate models.

This has led to an increasing emphasis on severe
evaluation tests analogous to closure studies from
observational field campaigns. In these severe tests,
the main processes governing a climate property of
interest are each evaluated against an independent
data set.

For example, the climate community traditionally
evaluated the fidelity of cloud radiative effects using
the same satellite data sets used for ad hoc adjust-
ments to the modeled top-of-atmosphere energy

budget required for drift-free climate simulation.
The community now evaluates radiative effects
using independent and rigorous measures of cloud
physical and microphysical properties from surface-
and space-based radar (e.g., CloudSat), lidar (e.g.,
CALIPSO), spectral retrievals (e.g., MODIS), and in
situ measurements. This evaluation process helps
ensure that the empirical fidelity of each climate
phenomenon of interest is based upon accurate
representation and simulation of its underlying
physical processes.

The climate community is beginning to use quan-

titative and repeatable measures of climate perfor-

mance based upon various metrics or scores. Much

of the evaluation activity has historically relied

upon quasi-quantitative comparisons of modeled

and observed fields based upon maps or transects

through the atmosphere and ocean. While useful for

model development, this type of analysis has some

limitations. The analysis approach is

e Neither strictly repeatable nor purely quan-
titative, so two observers may draw different
conclusions (even with respect to sign) from
visual inspection of a given map;

¢ Difficult to extend to a multi-model ensemble
given its optimization for pairwise comparisons;
and

e Difficult to extend to evaluation of a time series
of model versions for the same reason.

In order to address these deficiencies, the commu-
nity has increasingly emphasized the use of collec-
tions of quantitative scalar measures of model error
relative to observations, benchmark process calcula-
tions, and reanalyses of the climate record. This
trend has been marked by the rapid introduction

of several techniques, including Taylor diagrams
(Taylor, 2001) that highlight errors in the correlation
and variance of simulated climate patterns. Another
technique is based upon a basket of numerical
scores for model performance developed under the
ClimatePrediction.net project for evaluating ultra-
large ensembles of climate models. This technique
has been adopted widely for some of the CMIP3
multi-model ensemble and will likely be applied

to the CMIP5 ensemble as well. While these new
methods provide several distinct advantages relative
to traditional evaluation methods, there is still no
underlying theory for which measures and metrics
of model error must be optimized to provide robust
and reliable projections of future climate change.
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Several methods have been widely adopted to

complement these trends:

* Instrument Emulators. In the past, in order to
facilitate the comparison process, measure-
ments were post-processed to retrieve quantities
predicted or diagnosed by climate models. The
current practice is to simulate the measurement
systems and measurements directly from the
model state. One of the early instrument emula-
tors developed for the Cloud Forcing Model
Intercomparison Project (CFMIP) reproduced
the International Satellite Cloud Climatology
Project (ISCCP) cloud data set. New emulators
have been developed for the MODIS, AIRS,
CloudSat, and CALIPSO instruments (among
others). These emulators eliminate the assump-
tions implicit in retrieval processes and repro-
duce instrument spatial and temporal sampling
for more reliable comparisons.

¢ Initial Value Experiments. One way to test fast
climate processes forced with realistic meteo-
rological conditions is to operate the climate
models as numerical weather prediction sys-
tems. In this mode, the fidelity of a time series
of short-term projections is evaluated against a
coincident set of observational data. The dual
advantages of this approach are minimization
of background state error and elimination of
confounding feedbacks between the process of
interest and the test of the climate system.

¢ Paleoclimate Experiments. The community
increasingly is relying on out-of-sample tests
using the paleoclimate record to test models
under climate regimes very different from
present-day conditions. Recent successes in this
arena include the simulation of 20,000 years
of the Holocene using the Community Climate
System Model (Ammann et al., 2007).

e Comprehensive Regional Model Intercompari-
sons. These include the European Prudence
and Ensembles and the U.S. initiated North
American Regional Climate Change Assessment
Program. These projects have yielded important
information on the relative contributions to the
uncertainty in regional-model error from for
example, model resolution, model physics, and
the realism of the driving boundary conditions.

¢ Transferability Studies. It is increasingly com-
mon to test regional models of a phenomenon
(e.g., the Southwestern U.S. monsoon) on other
analogous regional phenomena to investigate
the generalizability of the model formulation.

2.10.2 Incorporating User Needs
Incorporating the information needs of different
user communities in assessment activities, and

then using those needs to decide which aspects

of uncertainty are the most important to decision
making has been attempted far less frequently than
a scientific characterization of model uncertainties.
For example, in the 2000 national assessment the
major attempts in this direction were to try to gather
input from a broad spectrum of potential stakehold-
ers in different parts of the country and associated
with different sectors. Twenty-one workshops were
held in different parts of the U.S. with the expressed
purpose of attempting to elucidate the issues of most
importance to stakeholders in each region irrespec-
tive of climate change. And while that information
did lead to exploration of some issues in more
depth than others, there was not an overall analysis
of which elements of the physical climate system

or of physical impacts were the most important in
determining decision types. This may be in part
because even that assessment, which included a
very large and explicit attempt to involve many
stakeholders, was not specific about what decisions
or what types of decisions it was meant to inform.
The NCA is not yet at a stage of development where
actual decisions can be specified for which informa-
tion is desired.

2.11 Characterizing Uncertainty in
Climate Scenarios

Like the Earth system models and global climate
models used to simulate climate, integrated assess-
ment models (IAM) are subject to their own set of
uncertainties and assumptions that propagate into
scenarios, which are the basis for many climate
change simulations. In the most reductionist sense,
the IAMs consist of component models for the en-
ergy market, the carbon cycle on land surfaces, and
reduced or simplified representations of the climate
system. The energy market models project emissions
of anthropogenic radiatively active species as well
as land-use and land-cover change that interact
with the other components. The energy models are
subject to uncertainties from a variety of sources,
including external boundary conditions (e.g., pro-
jections of future population growth), idealizations
regarding the operation of the markets, simplifica-
tions regarding the environmental effects of energy
consumption, and factors that compound over time
such as the future rate of enhanced agricultural
productivity. Another obvious source of uncertainty
stems from abrupt market transitions that are inher-
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ently unpredictable from the historical record (e.g.,
introduction of market-disruptive technologies).

The interactions from the other components back
onto the energy market may also represent major
sources of uncertainty. The magnitude of this
uncertainty depends upon the nature of the climate
mitigation policy targeted by a given scenario, for
example limitations on climate forcing imposed in
a given scenario. The reason is that many policy
targets implicitly represent the sum of a forcing con-
tributed by anthropogenic emissions and a radiative
feedback from natural sources and sinks in response
to climate change. Uncertainties in the natural
feedbacks, combined with a fixed target for future
forcing thereby automatically introduce uncertain-
ties in the anthropogenic emissions. In the third
assessment by the IPCC, the primary SRES scenarios
were generated using multiple carbon cycle models
forced with climate states from global climate mod-
els with low, intermediate, and high climate sensi-
tivity. The magnitudes of the uncertainties stemming
from feedback effects are evident in the variations
among the well-mixed greenhouse gas trajectories
for multiple realizations of a single marker SRES
scenario, for example the ATB scenario.

Other significant issues are related to different and
potentially inconsistent formulations of the carbon
cycle and other climate system processes in the
[AMs and Earth system models (ESM). In order to
enable the exploration of a large range of future
scenarios, IAMs typically and by necessity employ
a simpler representation of the carbon cycle and
other climate processes than do the ESMs. The IAM
and ESM communities also devote their develop-
ment efforts to their respective topical domains with
the result that the carbon and climate processes
within the [AMs may sometimes lag the latest
advances in physical and biogeochemical climate
science. While one obvious solution is to integrate
the energy market mechanisms in IAMs into an
ESM, this would present two disadvantages: (1) the
computational speed of the IAM would be lost due
to the overwhelming computational demands of
the host ESM; and (2) the resulting scenarios would
become contingent on the particular representation
of carbon and climate processes in a single ESM. A
more promising solution would be to maintain dual-
use IAMs that could operate as stand-alone systems
or as energy markets integrated with ESMs, and to
develop flexible and extensible community-wide
standards for coupling IAM and ESM components

to enable experimentation across IAM and ESM
development teams.

2.12 Implications for Future Research

Each of the modeling topics discussed is itself a
subject for further research. While there is a short-
term aspect to the current NCA, for an ongoing As-
sessment process, there is clearly a need for further
research in each of these topics. Topics, which in
our judgment are amenable to making progress in
the mid-term or that strengthen the foundation for
longer-term progress, include:

e Continued development of methods to evaluate
the scientific uncertainties in each family of
models used in assessments: climate models,
impact models, and integrated assessment
models;

¢ Development of specific methods for evaluating
the inherent uncertainties in climate downscal-
ing methods;

e Development of uncertainty methodologies
associated with decision making;

¢ Development and testing of models and devel-
opment of analyses that incorporate multiple
sectors (e.g., energy, water, and land use)
simultaneously.

e State-of-the-art terrestrial models incorporating
very high-resolution climate data (at least 1 km
and hourly) to avoid process errors from using
overly averaged input data.

¢ Development, testing, and application of cou-
pled climate, socioeconomic, and ecosystem
models to address strong interdependencies.
At the intersection of these efforts is the need
to continue to develop and integrate advanced
high spatial resolution models of land use and
land management.

e Robust multi-scale, multi-variable observation
system to support modeling and analyses. The
strategic development of such a monitoring
system is a high priority for model validation
and testing.
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Chapter 3:
Workshop Report
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3.1 Infroduction

The principal goal of the Modeling and Downscal-
ing Workshop was to evaluate the current status

of science, tools, and capabilities for developing,
evaluating, and using climate, integrated assess-
ment, and other applicable models for use in the
U.S. National Climate Assessment (NCA). The work-
shop agenda included targeted discussions of issues
associated with downscaling of various modeling
results. Other topics discussed included (1) major
model types, applications, strengths, and limita-
tions; (2) model inter-dependencies; (3) scaling and
multi-scale interactions; (4) matching models to
user needs; (5) models and ensemble methods; (6)
uncertainty and its implications; (7) data quality; (8)
scenarios and critical assumptions; and (9) insights
about developing a long-term, sustainable Assess-
ment process.

The intent of the workshop was to consider these
topics so as to identify compelling and useful
resources for NCA teams as well as opportuni-

ties within current funding constraints to leverage
existing modeling and scaling efforts or results. In
addition, participants provided ideas, for structur-
ing NCA modeling efforts to address the needs of a
broad range of users and stakeholders, while also
targeting the primary needs of assessment groups.
The intent was to treat traditional methodological
issues adequately while addressing new challenges
and taking advantage of innovations.

Sixty-nine people, both federal and non-federal,
attended the workshop, including approximately

a dozen who also participated in a two and one-
half day workshop on Scenarios for Assessing Our
Climate Future: Issues and Methodological Perspec-
tives for the U.S. National Climate Assessment,
immediately preceding this meeting. The synergies
between these two conversations proved to be
important. Participants in the modeling workshop
represented a broad cross section of experience
with a variety of modeling techniques at multiple
scales, including global climate models, statisti-

cal and dynamical downscaling, sectoral climate
impact models, integrated assessment models, etc.
Among the speakers were several people who have
been engaged in modeling efforts in the context

of previous NCA and Intergovernmental Panel on
Climate Change (IPCC) activities, people involved in
translating climate information for specific decision
support activities, and a number of people with
regional and sectoral interests who are users of such

information. The workshop occurred December
8-10, 2010 in Arlington, Virginia. The U.S. Depart-
ment of Energy generously supported the meeting.

This report summarizes diverse ideas and infor-
mation produced by the workshop, a number of
comments by individuals, and recommendations

as a resource for the NCA Development and
Advisory Committee (NCADACQ). This report is not
a complete summary of the workshop, but provides
an overview of the points that were emphasized
throughout the meeting. The agenda for the meeting
can be found in Appendix A, and Appendix B lists
participants.

3.2 Summary of Plenary Presentations
and Discussions

A series of workshop presentations provided
background information about the use of models

in national climate assessments. Several presenta-
tions addressed the use of statistical processing

and model analyses to derive data at spatial and
temporal scales relevant to the National Climate
Assessment. Additional topics included approaches
for characterizing uncertainty, interfaces between
model analyses and users of the results, and require-
ments for model results addressing specific sectors.
The following sections summarize major points of
workshop presentations and associated discussions.

3.2.1 Infroduction to Climate Modeling
and Modeling Approaches for the Na-
tional Climate Assessment

Although climate models are often used for predic-
tive purposes, they do not represent all aspects of
the Earth system that affect climate and are never
completely accurate. However, if used properly,
models can be powerful tools for understanding
how the climate system functions now and can
provide an important means of exploring a range
of possible future conditions. To the extent that
numerical models represent our understanding

of the components and processes of climate and
connected Earth system effects, they can be used
to help characterize the attributes of components
and processes that are incompletely observed by
measurements. Chapter 2 of this report includes an
extensive discussion of types of models and their
applications at various scales.

With respect to increasing documentation of global
impacts and better understanding of the mecha-
nisms underlying those impacts, climate change
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perspectives are evolving quickly. While climate
change issues have been considered primarily at
global and national scales, there is now significantly
more research at regional and local scales. In the
past, modeling studies projected climate change
over a century. Increasingly, studies focus on much
shorter periods including decades. There is also

a much stronger relationship between scientific
research and policy making, with more emphasis
on providing scientific foundations for decision-
making processes. In addition, substantial research
efforts now focus on the intersection of mitigation,
adaptation, impacts, and vulnerability rather than
on studies of these issues as independent topics.
More attention is being given to integrated studies of
relationships between sectors and multiple stressors.
All of these developments result from our increas-
ing understanding of physical and biogeochemical
processes, increasing computational resources, and
more sophisticated efforts to understand the com-
plexity and inter-dependencies of physical, ecologi-
cal, and human systems.

There is enormous complexity within the physical,
chemical, ecological, and human systems being
modeled. Even where components of the Earth sys-
tem are well understood, computational resources
restrict model accuracy and veracity and thus our
ability to address important questions. With respect
to contending with complexity in the Earth system,
important science questions include

¢ How do we evaluate model capabilities for
capturing climate responses? Are we getting the
right answers for the wrong reasons?

* Are uncertainty evaluations different from the
impacts perspective than in terms of physical
climate change?

¢ How do we distinguish differences between
models from uncertainty associated with vari-
ability in the Earth system?

¢ How do we quantify the limits of predictability
inherent in the Earth system? Limits on predict-
ability may not be the same as the spread in
model simulations, even if ensembles of model
simulations allow us to create probability
distribution functions.

e How do we communicate unknowns and what
cannot be known in an effective manner, even
in cases where ensembles of model simula-
tions are used to derive probability distribution
functions?

The National Climate Assessment is confronted by a
number of options with regard to models and model
results. There is a need to distinguish between

*  Modeling and model results in a perfect world
versus what is reasonable given time and
resource constraints;

*  Models that incorporate the latest disciplinary
research versus use of a well-vetted set of exist-
ing data, models, and scenarios;

* Modeling approaches that are feasible for the
2013 report versus those that become viable in
longer-term assessment activities; and

¢ Ideal modeling approaches versus identify-
ing and using the aspects of an ideal solution
that matter the most for addressing particular
research and assessment challenges.

For example, one might like to have a fully inte-
grated and validated model that simulates all the
anthropogenic and natural forcing of the climate
system, including complete descriptions of all feed-
backs making decadal and longer simulations of the
climate system as credible as understanding permits.
But failing that, currently available integrated assess-
ment models are useful tools for integrated analysis
of the climate system and the human factors and
activities that force climate change. There are still
important gaps in basic understanding as well as

in applications of what we know. The challenge is
to fill these gaps in a sensible and stepwise fashion
rather than expecting to find a fully satisfying solu-
tion in the short term.

3.2.2 Overview of Modeling Practices in
Past U.S. National Assessments

The current National Climate Assessment follows
two previous formal national assessments. The

first, Climate Change Impacts on the United States
(NAST, 2001) attempted to avoid controversies
associated with climate scenarios and modeling by
using only published results included in assessments
by the IPCC. A single emissions scenario (Scenario
1S92a of the second IPCC assessment) and results
derived using two climate models (the United King-
dom Met Office Hadley Centre and the Canadian
Centre for Climate Modelling and Analysis models)
were considered along with some exploration of
climate model performance, but not an extensive
evaluation. There was significant deliberation about
the scenarios and models used by the national as-
sessment and the rationale for their selection.
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At the time of the first assessment, downscaling was
largely accomplished by statistical processing to
apply changes in temperature, precipitation, and
other variables to the instrumental record of the
20" century. The first national assessment included
some ecosystem process modeling and limited dy-
namic vegetation modeling. It was built around the
Vegetation Ecosystem Modeling and Analysis Proj-
ect (VEMAP), an extensive ecosystem model study.
The VEMAP study focused on changes in potential
natural vegetation and biogeochemical fluxes,

with limited transfer of information to economic
models for the agriculture and forestry sectors and
limited modeling of other stresses on systems. Other
modeling applications included hydrologic models
for flow impacts, agricultural productivity model-
ing, a quantitative exploration of uncertainties, and
explicit use of a confidence lexicon based on the
expert judgment of the National Assessment Synthe-
sis Team responsible for the assessment.

The second national assessment, entitled Global
Climate Change Impacts in the United States (Karl
et al., 2009) incorporated results summarized by
the Synthesis and Assessment Products (SAPs) of
the U.S. Climate Change Science Program (CCSP).
Unlike the first national assessment, the second
assessment did not include significant outreach to
stakeholders. The regional chapters summarized and
synthesized published information. The confidence
lexicon for the second assessment was based on the
expert judgment of the authors. The report relied on
model results completed for the fourth IPCC assess-
ment. Two different emissions scenarios (high and
low), related to those described by the IPCC Special
Report on Emissions Scenarios (SRES) (Nakicenovic
and Swart, 2000), were considered. The second as-
sessment report described the observational record
of climate change in some detail and explained
how climate models are evaluated and incorporated
results of modeling studies focused on specific sec-
tors, primarily as described by the CCSP Synthesis
and Assessment Products.

3.2.3 Challenges, Opportunities and
Lessons Learned in Downscaling and
Regional Modeling

Because the spatial resolutions of global climate
models are too coarse to resolve climate change
and impacts at scales relevant to most decisions,
stakeholders often require downscaling of results
derived from global modeling studies. Although
some global models are simulating climate change
at finer scales, partially addressing some of these

scale issues, downscaling continues to be required
for many applications. Future projections of some
variables are relatively insensitive to downscaling
method. For others, such as frequency of extreme
events, results vary significantly between downscal-
ing methods.

A presentation on statistical and dynamical down-
scaling provided multiple examples of downscaling
efforts that were developed for specific applica-
tions, including projections of changes in winter
snowfall, extreme heat events, precipitation, heating
degree-days, persistence of drought, lake levels, and
effects on specific sectors. But the utility of different
methods for downscaling climate model results to
regional scales within North America needs consis-
tent evaluation. Different downscaling approaches
yield significantly different results, but most evalu-
ations of alternative methods have focused only on
attributes important to developers rather than those
of high priority to users.

Users do not always recognize that particular
modeling approaches and methodologies are better
suited to certain applications than others. Clearly,
some models perform better than others with re-
spect to specific metrics. Reproducing observations
does not mean that models represent mechanisms
correctly, implying that they may not provide accu-
rate and consistent projections beyond a period of
observations. There is a need to know much more
about processes that occur on different spatial and
temporal scales.

But information incorporated into the NCA, as
well as adaptation and mitigation decisions, must
be derived using clearly explained and thoroughly
evaluated methods. A general approach to evaluat-
ing downscaling methods is to
1. Develop a standard set of appropriate physical
and statistical tests that can be used to evalu-
ate any statistical or dynamical downscaling
method for daily temperature or precipitation;
2. Apply these standard tests to downscaling ap-
proaches in current use for impact studies; and
3. Determine whether for a specific location, time
scale, and purpose any of these methods can
be judged by an objective set of criteria to be
better than others.

While some relatively simple downscaling methods
are reliable for climatological means, more complex
methods are needed to simulate changes in thresh-
olds and extremes. No method, including those
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involving regional climate models, is guaranteed to
correct for global model bias in multi-day events.
A few large data sets have been created to facilitate
comparisons between models and methods and

as a basis for evaluating strengths and weaknesses
of different approaches and methods. In addition,
combinations of model outputs (ensemble ap-
proaches) have been compared to individual model
results. Most downscaling approaches, however,
yield results better suited to smaller spatial scales
than does the direct use of global climate model
output. But the best downscaling approach for any
given analysis depends on the research question
being asked. Thus, understanding the limitations of
and biases inherent in different methods is impor-
tant for selecting a method and determining how to
interpret, or whether to use, the results.

A wide variety of stakeholders have asked climate

modelers to support downscaling of information

for decision support. It was clear to many at the

workshop that not all stakeholders understand how

best to use such information, and that most model-
ers find it difficult to identify ways to make their
results most useful. Some lessons learned in provid-
ing regional-scale climate data in multiple contexts
include

e Two-way interactions and long-term relation-
ships with stakeholders are crucial for building
trust, understanding the decision context, and
defining the right questions to ask and answer;

e Use of state-of-the-art, well-documented
climate models and well-evaluated downscaling
approaches is important—our understanding of
these issues is changing rapidly;

¢ Both dynamical (process-based) and statisti-
cal downscaling approaches have important
advantages and limitations;

e There is a need to thoroughly evaluate methods
relative to historical observations in order to
quantify limitations and robustness at spatial
and temporal scales relevant to impacts;

¢ In order to avoid overemphasizing short-lived
trends, it is useful to average results over clima-
tological periods (20-30 years);

e To ensure that users make effective use of cli-
mate projections, it is important to cast projec-
tions in terms that are relevant to impacts;

* There is a need to address likelihood and ranges
of uncertainties in future projections; and

e Communication of findings to the intended
audience in their own language is critical.

The North American Reanalysis Climate Change
Assessment Program (NARCCAP)' represents a
significant new source of information for the NCA.
Using four global climate models in conjunction
with six regional climate models, the NARCCAP
program explores multiple uncertainties in regional
and global climate model projections. The program
is developing multiple high-resolution (50 km)
regional climate scenarios for use in assessments of
impacts and adaptation. The purpose of NARCCAP
is to evaluate regional model performance in order
to establish the credibility of individual simulations
for the future. There are seven primary institutions
participating with funding from a variety of sources.

Phase | of NARCCAP involved testing models
against observed information, while Phase Il
involves testing alternative current and future
projections. These efforts allow quantification of
uncertainty at regional scales using probabilistic
approaches. These comparisons save 53 different
variables at three-hour intervals. Three uses are
anticipated for this information: (1) further dynami-
cal or statistical downscaling; (2) regional analysis
of NARCCAP results; and (3) application of results
as scenarios for impacts and adaptation studies.
An example of a current application of NARCCAP
results is work to develop adaptation plans for
Colorado River water resources.

3.2.4 Characterizing Uncertainty

The NCA is treating uncertainty through two

alternative paradigms: (1) climate change in which

uncertainty is assumed to cascade from global, to

regional climate change, and to impact models,

or (2) system vulnerability beginning with an

uncertainty analysis of a system that is potentially

sensitive to climate change through to evaluation

of how large climate change has to be to overtake

other stresses as a key driver. In either paradigm, it

is important to consider:

e Temporal and spatial scales of interest and
importance;

* Process understanding;

e Limits on predictability of the real world; and

e Impacts of uncertainty communications on
decisions, including lack of a common vocabu-
lary.

The tractability of uncertainty issues depends partly
on the time frame for analysis. Near-term predict-
ability in a climate change context is very difficult.

! http://www.narccap.ucar.edu/
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Sensitivity studies can be useful. It is useful to
describe uncertainty, not just quantify it. Confusion
leads to inaction, and if people think that discussion
of uncertainty means that scientists are not certain
about what they know, it is likely to have a negative
effect on adaptation. The precautionary principle
can be used in communications about uncertainty,
and climate uncertainty can also be put in the
context of other kinds of uncertainty.

The concept of robust decision making (Lempert

et al., 2006) de-emphasizes the importance of
accurate predictions and focuses on decisions that
are worth making in the context of multiple futures.
Engineers make decisions under uncertainty every
day; there is a need for better understanding of com-
bined sources of uncertainty and how to respond in
a rational way.

3.2.5 Relevant Outcomes of the Scenarios
Workshop

Key outcomes from the Scenarios Workshop were
reported to the group. Among them were that the
topic of scenarios itself is extremely complex. There
is a lot of confusion about the concept of scenarios
and a lot of different perceptions of what a scenario
represents. For example, one community’s model
output can be another community’s scenario.

The scenarios workshop participants are strongly
motivated to do multi-sector and regional analyses
that can be related in some way to other global

or international analyses, but current capacity is
inadequate for such an undertaking.

As with modeling, scenario development for the
2013 report will recognize resource limitations but
contribute toward a more ambitious longer-term
goal. In addition, there is strong interest in ensuring
that scenario activities of the NCA be application-
driven, be useful in real world contexts, and be
responsive to communications needs. This interest
implies the need for a set of alternative approaches
based on an inventory and analysis of methods and
results that are currently available. There are many
scenario-based activities currently in place, but
they are extremely diverse and oriented toward a
wide range of users, some of whom are end users
of information and others who are translators or
intermediate users between scientists and decision
makers.

3.2.6 Sectoral Modeling Issues
Methodological issues in scaling different families
of models were discussed in the context of energy

and economic information, land use, water, coastal
management, and overall problem solving in mov-
ing from one scale to another. Because there are a
plethora of different applications with a wide variety
of objectives, it is difficult to do intercomparisons.
Some intercomparisons have addressed the water
sector, with one effort looking at why different
models leading to different conclusions about the
magnitude of flow reductions in the Colorado River.
Another effort identified elasticity of runoff reduc-
tions as related to reductions in precipitation. In or-
der to determine socioeconomic and environmental
impacts of sea-level rise on the U.S., an integrated
coastal modeling effort was suggested.

3.2.7 Scaling Issues

Climate does not change gradually in time or space;
there is variability in both dimensions. It is impor-
tant to recognize that there can be discontinuities.
Not all models are created equal. Though a straight-
forward approach is to average results derived
using different models, this is not always the best
approach for answering specific questions. There
are clearly some models that perform better than
others with respect to specific metrics. Reproducing
observations does not mean that models represent
mechanisms correctly, implying that they may not
provide accurate and consistent projections beyond
a period of observations. There is a need to know
much more about processes that occur on different
spatial and temporal scales.

For decision support it is helpful to determine upper
and lower bounds of results, but it is important

to establish whether that range is consistent with
historical data. In many instances, extremes may

be underrepresented. Estimates of lower bounds
typically are more reliable than those for upper
bounds. Unlikely events with high impact must be
considered, and it is important to recognize that as
climate impacts accelerate, the variance in distribu-
tions narrows.

3.2.8 Managing and Meeting User
Expectations

It was noted that what is possible to achieve in the
short term for the report that is due in 2013 is likely
to be limited in scope, but we have an opportunity
to make significant progress in the context of build-
ing a longer-term approach for the Assessment. It is
important to consider what investments in science
could improve the longer-term utility of models,

as well as understanding how what we know now
can best be used to increase resilience to climate
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variability and change. There is a need to advance
the ability to use models for evaluating our under-
standing as the science evolves at the same time
that we advance the capacity to appropriately use
models for informing a variety of decision-making
processes.

3.3 Discussion Group Reports

In order to facilitate focused discussions, workshop

participants divided into smaller groups. Six discus-

sion groups convened, three during each of two

sessions. Specific questions guided the deliberations

of each group. The following sections list these

questions and summarize key discussion points and

recommendations.

3.3.1 Discussion Group 1. Implications of

Scenario Outcomes for Climate Modeling

3.3.1.1 Questions

What do we understand about the desires and needs

of various user communities for climate modeling

results and their desires and needs for climate

modeling results?

e What data from climate models will be avail-
able to the NCA?

e How will the Assessment address the desire to
use emissions scenarios that differ from those
with a climate modeling perspective?

e How might the Assessment use past results (e.g.,

from the fourth IPCC assessment) versus those
developed by Phase 5 of the Coupled Model
Intercomparison Project (CMIP5) or the fifth
IPCC assessment?

e What are the tradeoffs between using fewer
models for consistency versus a selection of
models that may better match specific user
needs for outputs or spatial and temporal reso-
lutions? What criteria can be used to evaluate
such tradeoffs?

¢ How might model uncertainties be analyzed
and included in the Assessment in consistent
ways?

*  Where can we expect the big gaps in climate
modeling? What additional global modeling
research is needed to meet long-term NCA
needs?

3.3.1.2 Discussion points and suggestions
* As a practical matter, the 2013 report should
focus on the results of CMIP Phase 3. The 2013

report might include a chapter contrasting CMIP

Phase 3 and CMIP Phase 5. This recommenda-

tion responds, in part, to the realities of limited
access to new data within the time frame for
the development of the 2013 report, lack of
literature describing CMIP5 and its results, and
the need to engage a broad group of data users.
Unique results expected of CMIP5 include
insights about hurricanes and other phenomena
needing high resolution analyses as well as
about impacts on natural systems such as the
global carbon cycle, land-use and land-cover
change, and vegetation attributes and processes.
An evaluation as to which models are reliable
at regional scales is needed in order to inform
longer-term analyses as well as regional users.
Increased focus on attribution and understand-
ing climate mechanisms will help determine
model validity.

There is a role for expert elicitation with regard
to penetrating the complex landscape of model
and scenario alternatives and outputs in order to
develop a collective view of alternative climate
futures called climate narratives.

An archive of global model results suitable as
input to regional models may be a useful short-
term product of the NCA.

Assess whether excessive focus on regions
might miss larger-scale gradients.

Consider issuing a best practices document for
the NCA.

Regional or sectoral assessments may need a
guidance document to ensure they at least initi-
ate similar conversations. Otherwise, there may
be no comparability across sectors and regions.
Consider whether pattern scaling is a useful
approach for examining climate change on
adaptation time scales? Pattern scaling may help
address questions about which scenarios to use.
The uncertainty in scenarios (e.g., that associ-
ated with human activities) may dominate other
sources of error.

The probability distribution function of climate
sensitivity has a fat tail not captured by models
currently in use. Climate model studies are

not capturing the full range of future extremes,
especially on the high end.

It is important not to combine socioeconomic
and scientific uncertainty into a single category.
In a decision context, consider the benefits of
characterizing versus quantifying uncertainty.
The NCA should consider various approaches
to characterizing uncertainty.

Those involved in the NCA need guidance
about access to modeling data archives by
experts capable of translating technical descrip-
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tions and metadata into useful terms for the
Assessment.

*  On the longer time frame, future evaluations
could focus on important gaps like the future
of the Greenland Ice Sheet, higher resolution in
space and time, etc.

e The NCA should characterize different types of
users of Assessment products.

3.3.2 Discussion Group 2. Implications of
Scenarios and Outcomes for Integrated
Assessment Modeling and Interactions

with Adaptation or Mitigation Modeling

3.3.2.1 Questions

*  What do we currently understand about various
user communities and their desires or needs
for climate modeling results? What data from
models will actually be available? How might
the Assessment use past results (e.g., Clarke et
al., 2007) versus more current results?

*  How will the Assessment contend with the use
of emissions scenarios that differ from those
used in climate modeling studies?

* How close are we to having integrated assess-
ment models with resolutions on geographic
scales of particular interest to the NCA? Is
statistical downscaling of integrated assessment
model results feasible?

* Are there timing issues relevant to the produc-
tion of model output?

e For impact, adaptation, or mitigation modeling
and the use of other models, how consistent
does the linking of other models with climate
and integrated assessment modeling have to be?

e How will uncertainties be analyzed and model
results evaluated in consistent ways?

e Where are big gaps (uncertainties too high or
process outputs not available) expected? What
additional modeling research is needed to meet
long-term NCA needs?

3.3.2.2 Suggestions

e The integrated assessment modeling community
is more familiar with certain users than with
others. For example, integrated assessment
modelers have been working for decades with
the energy sector. The water management
community is very sophisticated in dealing with
climate issues while others are not as engaged.

e There are a lot of communications issues with
regard to models and their application. Build-
ing relationships and common understanding
among and across modelers and user communi-

ties will be challenging. It is unclear whether
stakeholders and end users are fully capable of
framing their questions so as to be effective in
communicating with modeling communities.
There is a need to manage expectations.

There is a need to work with end users to

o Identify variables that can and should be
treated within models;

o Determine how to incorporate multiple
stressors; and

oFrame things such that both adaptation and
mitigation questions and decisions are consid-
ered.

Users want to know the scope and magnitude
of climate forcing. How disruptive will climate
change be? Is change irreversible? Will cumula-
tive impacts affect value streams? Is gradual
adaptation possible or will thresholds make this
less useful?

One approach to complexity in scenarios is to
employ expert elicitation. Some users would
like to see more expert judgment used, even if it
is not entirely correct in the end.

Each project has different capacities, issues,
actors and local researchers involved. There is a
proliferation of approaches for different situa-
tions.

There are a few good analytical threads that
could be used to illustrate some important
issues for the NCA. These threads will address
primarily the intersection of mitigation challeng-
es and impacts that depend on the allocation
of land and water. Assessment of these topics
needs to take advantage of the work and the
data that the CMIP5 and IPCC Representative
Concentration Pathway (RCP) processes and
their heritages have already generated.
Changing land use has feedbacks on crop
yields, crop prices, land prices, trade and other
macroeconomic consequences. Depending on
policy assumptions, the consequences shown
by integrated assessment models vary substan-
tially. For the NCA, policy frames are important
because they drive these decisions, e.g., the
U.S. corn ethanol policy.

Useful paradigms for the Assessment include
statistically downscaled representations of land-
use pressures under different mitigation options
and regional integrated models. Work to apply
the GCAM integrated assessment model to
Great Lakes and Gulf Coast regions is already
under way.



e The capacity for new modeling studies in
support of the Assessment is probably limited at
best.
* An inventory of scenarios and underlying data
availability is needed.
e For mitigation scenarios, all the emissions,
energy technology, concentration data underly-
ing the Representative Concentration Pathways
for CMIP5 are available through a Web inter-
face maintained by the International Institute for
Applied Systems Analysis or from the modeling
groups that developed the RCPs. These data
include downscaled land-use data, calculated
demands for agricultural products, forest
products, and energy and could be adequate to
drive other impact models and has been used in
this manner.
e Multiple factors influence the decision to
include a policy case within the NCA, including
the issue that CMIP3 data do not support this. It
may be feasible to use past results, e.g., CCSP
Synthesis and Assessment Product 2.1 (Clarke et
al., 2007).
¢ In the short term, there are multiple new data
sources available to the Assessment including
global tree cover (Hansen et al., 2003), more
highly-resolved spatial data from other commu-
nities (e.g., the Soil Survey Geographic (SSUR-
GO) soils database), USGS land use projections,
and U.S. National Park Service socioeconomic
narratives.
¢  Work is underway to
o Better understand shorter time-scale
information;

o Incorporate climate feedbacks into integrated
assessment models,

o Closely couple hydrology, crop, ecosystem,
and climate models; and

o Develop and apply state-level models, e.g.
for California.

But the nature and timing of these development

activities makes the delivery of fully-integrated

information very challenging in the near term.

e Evaluation of uncertainties in all model ap-
plications is important. There is a rich history of
impact model evaluation and intercomparisons.

e Research is needed on geographically disaggre-
gated, spatially-specific interactions within both
the climate and impact modeling communities.

¢ Clearly there are some products available now
and a few analyses from different groups that
might be drawn upon to illustrate interactions
between sectors: energy, water, and land;
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biofuels and crops; carbon sequestration and
ozone interactions; etc.

* There are numerous opportunities to use
outputs from the integrated assessment models
(e.g., demand for agricultural production, land
use allocation, or biofuels) as input to analyses
of other sectors such as agriculture, forests,
ecosystems, and possibly hydrology, but consis-
tency will be a challenge.

e In some cases, the NCA should consider
producing frameworks, such as best practices,
that can be used by a number of different com-
munities.

3.3.3 Discussion Group 3. Implications of
Scenarios and OQutcomes for Regional
Climate Modeling and Interactions with
Sectors

3.3.3.1 Questions

*  What are the particular classes of user (assess-
ment) needs, and what features and characteris-
tics depend on regional modeling outputs?

*  What types of regional models are particularly
well suited for various classes of user needs
based on model outputs and ability to handle
various spatial and temporal scales? Are there
recognized differences in models within these
model types for addressing particular classes of
user needs (e.g., temporal scales in general and
sector parameters of interest or regional spatial
scales)? Does the community have ways of
evaluating the effectiveness of each for different
types of applications?

e Can a standardized process be developed
for analyzing the capabilities and limitations
of regional models for assessment purposes
(capturing variability and extremes not just the
means)?

*  What tradeoffs are involved in using fewer mod-
els for consistency (for example, larger spatial
runs covering more than one region) versus
models that may track better with specific user
needs for outputs at spatial or temporal scales
and topography important for the region? What
are the criteria that could be used to make such
tradeoff choices?

e How will uncertainties in the models be
analyzed and included in the Assessment in
consistent ways?

*  Where can we expect the big gaps (uncertain-
ties too high or process outputs not available)?
What additional research for the global models
is needed to meet long-term NCA needs?
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3.3.3.2 Discussion points and suggestions

e Guidelines for maintaining consistency between
regional and sectoral components of the Assess-
ment are needed. Examples of poor practice are
useful.

e Clarify which decisions require downscaled
information and which do not.

e Develop strong interactions between those
using models to analyze impacts and users of
the results.

e Evaluation is related to the question you are
asking and the degree of agreement within the
community about best practices. Could we
provide alternative metrics for consideration?

* A human interface to assessment information
and results is needed. Published information
cannot anticipate all issues and questions that
arise in the use of assessment results.

e Inventories that support coordination within
regions are needed. Support to connect users
with data sets or assessment activities is needed.

¢ Climate outlooks could be decision-focused
outlooks that provide some of the basis for a
broader activity in the future.

e Types of models available to the NCA need to
be clarified, and these types need to be related
to different types of users.

* An approach for evaluating model capabilities
for simulating unexpected or unknown surprises
needs to be identified.

*  Models should be evaluated with respect to
their intended use. It is important that models
not be forced into applications that they were
not designed or intended for.

e Prepare tutorials for existing resources, but
recognize that existing resources and associated
documents are often overlooked.

e The NCA needs to provide consistent popula-
tion projections and needs to develop capabili-
ties for characterizing socioeconomic attributes
and variables within regions.

e A climate outlook approach that includes expert
integration or elicitation can help incorporate
emerging knowledge, such as results from
CMIP5.

3.3.4 Discussion Group 4. Tracking Uncer-
tainties in the Assessment System in the
Short Term

3.3.4.1 Discussion points and suggestions

e There are at least two paradigms for uncertainty
with respect to climate change impacts: (1)
a climate change paradigm, and (2) a system

vulnerability paradigm. These two paradigms
are not mutually exclusive, but they can differ
in very important ways.

e The climate change paradigm implies a cascade
of uncertainty from global climate model results
through regional climate and sectoral models to
results.

e Under the system vulnerability paradigm,
sectoral decisions are made in the context of a
suite of stresses, of which climate is just one.
While climate is important, uncertainties must
be evaluated for all stresses. In a context of
multiple stresses, uncertainties with respect
to climate are considered in the context of
uncertainties with regard to society, govern-
ment, other aspects of physical systems, human
health, and other multiple stresses.

e ltis useful to consider for a given system, how

large climate change would have to be in order

to dominate other stressors.

It is useful to describe, not just quantify, un-

certainty. A rigorous uncertainty vocabulary is

important.

* In either paradigm, it is important to consider
o Temporal and spatial scales;

o Process understanding;

o Limits of real world predictability; and

o Diversity within the audience for assessment
results.

3.3.5 Discussion Group 5. Matching Model
Outputs or Performance to Needs from
User Communities and Decision Makers

3.3.5.1 Questions

*  What factors are important to matching model

outputs or performance to the needs of user

communities and decision makers?

How do we meet the challenges of identifying

different decision makers and stakeholders and

of structuring a process for communicating their

needs effectively to the appropriate modeling

communities, both climate and otherwise?

¢ How do we manage expectations to what is
actually scientifically feasible and show how
both communities can learn by this?

3.3.5.2 Discussion points and suggestions

e There is concern about focusing a research pro-
gram on narrowing uncertainties, as opposed to
a path forward to use what we know now.

e Understanding historical background is part of
being prepared for extreme events—this topic
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evolved from a discussion about understanding
natural system thresholds or tipping points.

We have an infrastructure for engagement with
users now that did not exist before, e.g., the
Regional Integrated Science and Assessment
Program. A useful approach is to start with
important vulnerabilities identified by previous
assessments and then provide a suite of general
questions associated with those vulnerabilities
that can be addressed as high priorities.

With respect to integrated assessment approach-
es, if we do not consider feedbacks, we will be
overly optimistic about outcomes. For example,
the agricultural economy is global, and if we
consider only climate inputs to U.S. agriculture,
we will not account for exogenous drivers.
Storylines are useful for decision makers.
Decision makers can use storylines for strategic
planning without a lot of quantification—this
approach has less potential for misuse of
information or misunderstanding how to use
information.

The implications of NCA support for national
policy development need to be clarified.

Both the assessment and research communi-
ties evolve continuously, and it is important to
recognize that there will not be a single answer
for any given question.

3.3.6 Discussion Group 6. Transitioning from
the Present to Future Capabilities

3.3.6.1 Questions

What should the future look like?
How can we transition into the future?

3.3.6.2 Discussion points and suggestions

Future capabilities should include a system

of downscaled climate data. The interface
between global climate models and regional
models needs to be more explicit and rigor-
ous. Formal evaluations of climate models,
downscaling methods, and tools for evaluating
impacts are needed.

The use of observations needs to be strength-
ened, including the development of standard
indicators and measures of model accuracy and
veracity. Guidance by the climate modeling
community regarding the best use of climate
data to address specific questions is needed.
The transition to a more effective National Cli-
mate Assessment process requires planning for
a stronger architecture. Agencies need to give
higher priority to the NCA and provide more

resources. A National Center for Climate Assess-
ment with public engagement, cross-laboratory
capacity, cross-discipline intellectual resources,
and cross-community capacity may be a useful
entity for assembling the required resources and
personnel.

3.4 Next Steps and Potential Actions

A summary of key suggestions from workshop
participants follows.

3.4.1 Decision Support

* Generate regional climate outlooks that help
people understand the alternative climate
futures they may need to prepare for. These
regional outlooks can be composites of infor-
mation derived from a variety of models and
provided by modeling experts combined with
expert elicitation by regional experts.

* Include explorations of different elements of
vulnerability beyond just climate change.

e Complete an inventory of the downscaling ef-
forts that are currently underway and a rigorous
intercomparison and evaluation of downscaling
methods. One possible approach is a National
Academy of Sciences study, but the Assessment
can probably make contributions in the best
practices category.

e Create a catalog of principles for evaluating
impact, adaptation, and vulnerability studies for
regions and sectors of interest.

* Take advantage of the joint Adaptation Task
Force of the Council on Environmental Quality,
the Office of Science and Technology Policy,
and the National Oceanic and Atmospheric
Administration.

* Hold a semi-annual conference to provide a
venue for presenting and sharing experiences in
the use of model results.

e Develop more capacity to provide model
information at decision scales and help users
with science translation and appropriate use of
modeling information, including asking the right
questions.

3.4.2 Science Support Context

e Use the CMIP3 archive of model solutions
as primary climate projection data for the
2013 NCA, but to the extent feasible include
comparisons with the outcomes from the most
recent modeling efforts such as CMIP5, at least
some kind of case study, as part of the NCA
efforts as well. This approach recognizes both
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the quantity and quality of work based on the
older models and the fact that the timing of this
Assessment is not ideal for deployment of new
model results.

Develop a program that focuses on model
evaluation and attribution (explanation of
climate mechanisms) of trends in climate as
well as extreme events.

Help support the development of a boundary
organization or network of such organizations
to link users to fundamental research communi-
ties in more effective ways, including identify-
ing important research needs, for example, a
group to provide feedback between ecologists
and climate modelers regarding the ability of
the models to represent persistent drought.

3.4.3 Contending with Uncertainty

40

Over the short term, there is a need to manage
expectations about our ability to generate con-
sistent model output from a range of climate,
socioeconomic, sectoral and integrated models.
Effective evaluation of uncertainty is a long-term
objective that is very difficult to accomplish at
this point.

There is a need for transparent reporting of
sources of uncertainty throughout the As-
sessment process, from measurement error to
structural uncertainty in models, etc.

The Assessment document needs to discuss
climate model evaluation at various scales,
including model strengths and weaknesses. It
should also have sections that evaluate model-
ing approaches and capacity for impact sector
models and integrated models.

Uncertainties need to be discussed, but it is also
useful and empowering to focus on how we can
move ahead based on what we do know.

Scale is important for a variety of reasons,
including the point that as scale increases, new
processes dominate, e.g., in the ecosystem
analogy, individual trees are modeled at the
smallest scales.

The NCA should begin an evaluation of which
uncertainties matter in particular decision-
making contexts as well as in our scientific
understanding of the components of the Earth
system.

The Assessment should be clear about what
scientific credibility really means—it is not just
about published results.

3.4.4 Next Steps

Treat activities and tasks required to prepare the
2013 Assessment as stepping-stones towards a
longer-term Assessment process.
Plan a participatory process for scenario cre-
ation that includes climate and socioeconomic
components that can be understood in broader
national and international contexts, for example
useful for IPCC assessments or suitable for nest-
ing within other larger-scale assessments.
For the 2013 report, develop a broad national
framework for model information that can
support regional details of a relatively simple
nature.
Incorporate a policy case into scenarios that
includes greenhouse gas management, e.g., by
adopting different stabilization scenarios from
the IPCC Representative Concentration Path-
ways or examples from the CCSP Synthesis and
Assessment Product 2.1 (Clarke et al., 2007).
Adding a policy case will allow consideration of
interactions between mitigation and adaptation
efforts.
Limit the number of inter-sectoral studies to
topics for which sufficient capacity exists. Sug-
gestions include
o Water, energy, and land in the context of
biofuels;
o Carbon storage, ecosystem processes, and
air pollution; and
o Sea-level rise, river outflow, and hypoxia.
Consider unanticipated outcomes that are the
result of inter-sectoral interactions, e.g., compe-
tition for land and water in changing socioeco-
nomic conditions.
Increase collaboration between government
agencies to maximize the effectiveness of scarce
funding and to demonstrate needs for larger
budgets in the future.
Take maximum advantage of research grant
opportunities to address key NCA research
questions.
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APPENDIX A. AGENDA

Climate Change Modeling and Downscaling Workshop -
Issues and Methodological Perspectives for the
U.S. National Climate Assessment

Goal of the Workshop: The principal goal of this workshop is to provide a current status of science,
tools, and capabilities for developing, using, and evaluating climate, integrated assessment, and other
models as applicable for the U.S. National Climate Assessment. This will include a specific targeted
discussion of issues associated with regional downscaling of various modeling results. The report will
provide foundational insights that can help shape subsequent recommendations and guidance to
analysis teams engaged in the U.S. National Climate Assessment.

Dates: December 8-10, 2010
Duration: 2 V2 days, first half-day follows the Scenarios Workshop
Location: Hyatt Arlington, in Rosslyn ( Arlington, VA)

Day 1, Wednesday, December 8th: Scenarios, Modeling, and User Driven Needs and Scales
1:00 p.m.: Welcome and Introduction: Tony Janetos
1:10 p.m.: Workshop Charge and Process Overview: Bob Vallario

1:20 p.m.: Goals for the Meeting, Review of Agenda, Expected Products and Outcomes, Overall Timeline:
Tony Janetos

1:30 p.m.: National Climate Assessment: Goals, Process, Schedule and Implications for this Workshop:
Kathy Jacobs

2:00 p.m.: An Overview of Past Practices and Challenges for the Present for the use of models in US
National Assessments: Tony Janetos

e Climate models, IAMs, Impact Sector models

* Importance of different models and spatial scales of analysis for different kinds of decisions
e Importance of considering different temporal scales of analysis

¢ Characterizing Uncertainties

e Distinguishing the use of scenarios from technical modeling issues

2:30 p.m.: An Overview of Past Practices and Challenges for the Present for scaling the output of climate
models in Assessments: Katharine Hayhoe

e Statistical and Dynamic Downscaling

* Regional Modeling

* Fine-scaled global modeling

e Shorter vs. longer time-scales (i.e. century long runs vs. runs of a few years)

3:00 p.m.: Outcomes from Scenarios Workshop Relevant to Modeling Workshop: Richard Moss
e Scaling and characteristics of user needs
e Narratives in the context of scenarios
e Participatory processes

e Characterizing uncertainty in scenarios

3:30 p.m.: Break
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3:45 p.m.: Panel: Issues in Downscaling Climate Information - What's Been Done Before and Lessons
Learned for future activities: Bill Collins, Chair

Each presentation will be no more than 10 minutes long, and will possibly allow one clarifying question.
Group discussion follows the last presentation, and can proceed for 45 minutes.

e Examples from Previous National and Regional Assessments: Katharine Hayhoe
e Experience from NARCCAP: Ruby Leung

e Matching climate information with user needs in Chicago: Don Wuebbles

e Assessing and characterizing uncertainties: Noah Diffenbaugh

e Concepts for future development in climate downscaling: Ken Kunkel

5:30 p.m.: Discussion of Afternoon Session (in plenary)

6:15 p.m.: Adjourn

Day 2, Thursday, December 9th: Scales and Modeling Issues
Morning: Opening Session

8:30 a.m.: Summary of Previous Day’s Discussion and Major Points and Introduction to Today’s Agenda:
Tony Janetos

8:45 a.m.: Sectoral and regional needs for modeling in the NCA — short term and longer: Fred Lipschultz
9:05 a.m.: Discussion of Implications for NCA Modeling: Kathy Hibbard, Moderator

9:35 a.m.: Charge to Breakout Groups: Three breakout groups to discuss implications of scenario outcomes
for climate modeling and for IA/Sectoral/Regional modeling; breakout groups will be charged with reporting
back on their recommendations for what could be done in the short-term for the first NCA, and in the
longer-term, with a specific focus on what types of research investments could be made by the agencies:
Katharine Hayhoe to deliver charge

e Implications for Climate Modeling in NCA: Bill Collins, Chair

* Implications for IA and interactions with adaptation/mitigation modeling in NCA: Tony Janetos,
Chair

e Implications for Regional Climate Modeling and interactions with Sectors: Don Wuebbles, Chair

12:00 p.m.: Lunch

1:30 p.m.: Report back from Breakout Groups (15 minutes each from chairs as a panel, followed by 30
minutes for Q&A

2:45 p.m.: Break

3:15 p.m.: Panel: Methodological Issues in Scaling Different Families of Models (15 minute panel
presentations and needs for appropriate input information plus 30 minutes for discussion) — Bill Collins,
Chair

* Matching scales on energy/economic information: Leon Clarke

e Matching scales on land-use information: the RCP Perspective: George Hurtt
e Matching scales on water sector information: Dennis Lettenmeier

e Matching scales for a coastal perspective: Paul Kirshen

* Matching scales from a problem-solving perspective: Keith Dixon
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5:15 p.m.: Summary and Tasks for Last Day: Tony Janetos
5:30 p.m.: Adjourn
Evening: Organizing Committee Meets and Starts Work on Synthesis Presentation

Day 3, Friday, December 10th: Current Capacities, Vexing Issues and What is Needed for the
Longer Term

8:30 a.m.: Overview of the Topics of the Day: Bill Collins
e Current capacities of AOGCMs and ESMs for use in NCA
e Interface with AR5, CMIP5 — Status of the RCP Process and Simulations
e Towards multi-sector, regional integrated modeling

e Characterization of uncertainties

9:00 a.m.: AOGCM's/ESMs and Interface with RCPs in AR5 and CMIP5: Current status, expected outputs
and schedule: Dave Bader

9:30 a.m.: IAMs, their role in AR5 and their possible use in NCA: Jae Edmonds

10:00 a.m.: Sector Models 1: Water: Dennis Lettenmeier

10:30 a.m.: Sector Models 2: Coastal: Paul Kirshen

11:00 a.m.: Assessing Model Uncertainties: Bill Collins

11:30 a.m.: Managing User Expectations in the Light of Scientific Progress: Kathy Jacobs

12:00 p.m.: Charge to Breakout Groups: Tony Janetos
e Tracking uncertainties in the assessment system in the short term - (Noah Diffenbaugh, Chair)
* Matching model outputs/performance to needs from user communities and decision makers -

(Kathy Hibbard, Chair)

e Transitioning from the present to future capabilities - (George Hurtt, Chair)

Groups meet from 12:00-2:30 p.m.; including time for lunch

2:45 p.m.: Afternoon Plenary: Reports back from Breakout Groups and Discussion (10 minute reports from
each group plus 30 minutes for discussion)

4:00 p.m.: Synthesis Presentation from Organizing Committee: Tony Janetos and Discussion

5:00 p.m.: Adjourn
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