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ABSTRACT: The US Global Change Research Program has initiated a National Assessment of poten-
tial impacts from climate change. This paper summarizes the National Assessment process, and the
Mid-Atlantic Regional Assessment (MARA) as an example of how the process is being implemented. At
the national level, 5 sectoral working groups are assessing impacts on agriculture, forests, freshwater
resources, coastal zones and human health. Because different areas of the country will experience
impacts to differing degrees, regional assessments simultaneously are examining sectoral impacts
identified as likely to be most important within each of 18 US regions. An independent panel of experts,
the National Assessment Synthesis Team, is synthesizing the sectoral and regional findings for a
national report that provides regional texture. The approach adopted for the MARA is described in the
context of the National Assessment process. Such a complex undertaking relies on multiple extensive
data sets. The MARA approach to managing the diverse data sets is outlined as a potential guide for
similar efforts.
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1. THE FIRST NATIONAL ASSESSMENT

The US Congress noted scientific findings that
‘industrial, agricultural, and other human activities,
coupled with an expanding world population, are con-
tributing to processes of global change that may signif-
icantly alter the Earth habitat within a few generations’
as a basis for the Global Change Research Act of
1990 (1990). This Act requires the US Global Change
Research Program (USGCRP) to report to the President
and Congress, at least every 4 yr, on the potential
national impacts of global change.

Among the many potential causes of global change,
climate change poses especially interesting challenges
at the national level. The best-known assessments of
potential impacts from climate variability and change
have taken a global perspective, looking at regions the
size of continents (e.g. Watson et al. 1996). Descrip-
tions of impacts for large, multi-country regions may
make it difficult for any particular country’s policy
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makers to determine the extent of threat for their coun-
try and what might be done to adapt effectively. In
1997 such considerations led the National Science and
Technology Council (NSTC) Subcommittee on Global
Change Research (SGCR), which coordinates the
USGCRP, to initiate the First US National Assessment.
Its focus is on the local, regional and national implica-
tions of climate variability and climate change. The
organizational structure for this assessment is shown
in Fig. 1 and described below.

Some of the processes regulating vulnerability to
climate change operate at local scales and thus the
impacts of climate change will differ across regions.
Such differences could be missed in aggregate
national and global studies, so the USGCRP has been
collaborating with federal agencies (represented in
the National Assessment Working Group, NAWG) to
sponsor 18 regional assessments that span the nation
and its territories (Fig. 2). The USGCRP also is sponsor-
ing 5 nation-wide assessments of the following cross-
cutting sectors: coastal areas and marine resources,
freshwater, agriculture, forests and human health. The
National Assessment also includes a working group for
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Native Peoples/Native Homelands. The overarching
goal is to provide scientific information useful to soci-
ety by identifying how people and their surroundings
will be affected by climate change, how individuals
and communities can take advantage of opportuni-
ties and reduce vulnerabilities resulting from climate
change, and what additional information and research
are needed to improve decisions related to impacts
from climate change. The assessments are challenging
because of the uncertainties in projecting climate
change as well as how society will evolve—with or
without climate change. They are unique because of
their reliance on multi-disciplinary integrated ap-
proaches and substantial stakeholder participation.
The integrated approach used for one of these as-
sessments—the Mid-Atlantic Regional Assessment
(MARA)—is introduced in Section 2 of this paper;
illustrations of its application appear in several other
articles in this Special. Stakeholder participation is
described in O’Connor et al. (2000, in this issue).

The SGCR set up an interdisciplinary National As-
sessment Synthesis Team (NAST), whose members
represent academia, government and business. The
NAST is summarizing the potential national impacts
from changes in climate and climate variability. All of
these assessments are expected to integrate, evaluate
and interpret their findings, and discuss the uncertain-
ties associated with the findings.

Fig. 1 shows the structure established to facilitate
interaction among the NAST and the regional and
sectoral teams. The National Assessment Coordination
Office (NACO) provides support to the NAST as well
as coordination among the federal participants and the
regional and sectoral teams. Implementation includes
a broad range of activities. For example, about 400

SGCR
NAWG

Fig. 1. Organizational structure for the
National Assessment

people attended the November 1997 US Climate Forum,
which was designed to gather input from experts and
stakeholders about the scope for a national assessment.
The teams planning and working on the national,
regional and sectoral assessments have gathered an-
nually for in-person sharing of methodologies, data
and insights. The NACO also sets up more frequent
meetings for the NAST. The short period for planning
and executing the suite of assessments means that
results from some of the regional and sectoral assess-
ments will not be available in time for the NAST to use
in its synthesis report, which is due to Congress in the
year 2000. However, frequent interaction among the
assessment teams will allow the NAST report to con-
vey important differences across regions and sectors.
The NACO also maintains the National Assessment
web-site (http://www.nacc.usgcrp.gov). Because some
stakeholders prefer more traditional communication
modes, the NACO publishes the newsletter Acclima-
tions in a paper version as well as on the web-site.
Another example of coordination is to provide models,
data and projections so that there will be comparability
across the regional and sectoral assessments. Based on
input from the NAST and the regional and sectoral
assessment teams, the NACO and the federal partici-
pants have provided socioeconomic projections to the
year 2050 at a county level, for a range of potential
futures that might occur in the absence of climate
change (NPA Data Services, Inc. 1999). They have pro-
vided historic climatology for the period 1895 to 1993.
Their general circulation models simulate from 1895
to 2100, thus overlapping the historical climatology.
Extensions into the future assume a 1% yr ! increase
in greenhouse gas emissions, both with and without
aerosols. Simulations for carbon dioxide stabilization at
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Fig. 2. US National Assessment Regions

550 ppm also are included (Polsky et al. 2000, in this
issue, provide more detail on the climate models).
Assessment teams are encouraged to use additional
models and data applicable for their regions or sectors,
and to consider the ‘what if’ implications of extreme
climate or socioeconomic conditions.

The assessments are intended to be open, compre-
hensive and iterative and to link scientific research
to stakeholders’ needs, all in the context of scientific ex-
cellence (Dresler 1999). The assessment process is in-
tended to provide scientific information that will enable
sound decisions; to foster partnerships among stake-
holders, agencies and assessment teams; to build stake-
holder networks; and to refine the US research agenda
related to potential impacts from climate change.

The Intergovernmental Panel on Climate Change
(IPCC) is working on its third (global) assessment si-
multaneously with the US National Assessment activi-
ties. There is substantial informal interaction among
individuals responsible for different components of the
National and IPCC assessments. These interactions
include sharing of models, data and perspectives.

The first US National Assessment is an ambitious
undertaking for several reasons. First, the climate-
related issues differ across sectors and regions, calling
for differing mixes of disciplines across the assess-

ments. Individuals have to communicate effectively
among the disciplines represented within their own
team, as well as across assessment teams. The empha-
sis on stakeholder participation gives more impetus to
the need for effective communication. Second, the
simultaneous nature of the work being done by distinct
sectoral, regional and national teams creates chal-
lenges so that output from one team will be timely as
input for another. Third, the NAWG has been charged
with developing a plan for assessments after the first
US National Assessment. The form and scope of sub-
sequent assessments will be influenced by the success
of the first one.

2. REGIONAL ASSESSMENT APPROACH

The Mid-Atlantic Regional Assessment (MARA) pro-
vides an example of how assessment teams can ex-
amine potential regional impacts from climate vari-
ability and change. This section introduces the MARA
approach, and Section 3 summarizes its process.

An interdisciplinary Pennsylvania State University
(Penn State) team is leading the first MARA of climate
change impacts. The core team includes 13 faculty
members, 6 post-doctoral or associate researchers,
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24 graduate assistants and 10 undergraduate interns.
The core team’s expertise is being expanded by sub-
stantive collaboration with another 14 researchers at
Penn State and other universities plus 4 at private
organizations and 4 in government. Substantial input
and feedback also come from the MARA Advisory
Committee (O’Connor et al. 2000).

Fig. 3 shows that the Mid-Atlantic Region (MAR)
includes all or parts of 8 states (New York, New Jersey,
Pennsylvania, Delaware, Maryland, West Virginia, Vir-
ginia and North Carolina) and the District of Columbia.
A combination of political and practical factors influ-
enced the choice of boundaries for the MAR.

Four questions guide all of the National Assessment
components, with tailoring for whether the scope is
national, regional or sectoral. For the MARA, these
questions are: (1) What are the region’s current envi-
ronmental stresses and issues that provide context for
impacts from climate change? (2) How could climate
change and variability exacerbate or ameliorate these
stresses, or create new ones? (3) What actions could
increase the region’s resiliency to climate variability,
reducing negative impacts and taking advantage of
opportunities created by climate change? (4) What are
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Fig. 3. Mid-Atlantic Region

the short-term and long-term priorities for new infor-
mation and research to better answer Questions (1)
and (2) and to evaluate adaptation options?

Penn State’s approach to these questions is based on
a framework developed by its Center for Integrated
Regional Assessment (CIRA) (Knight 2000) and shown
in Fig. 4. Assessment can begin at any point in the dia-
gram; the logic follows a continuous loop. For example,
the assessment could (1) start with causes, (2) examine
how the causes lead to climate changes, (3) project the
biophysical and socioeconomic consequences of these
climate changes and (4) project human responses to
the consequences—and then use an iterative ap-
proach for examining the extent to which those human
responses become causes. The framework accommo-
dates increasingly complex quantitative and qualita-
tive analyses for important components. It also ac-
counts for hierarchical relationships among different
scales. The MARA is based on the assumption that the
causes of climate change are mainly outside the
region, but that climate change could engender impor-
tant interactions among the ecological and physical
responses within the region. However, because human
responses include actions that in turn generate climate
change at a national or global level, the National
Assessment needs to account for the aggregate effects
of similar actions across regions.

An example of other regional assessment efforts is
the CLIMPACTS system. This integrated model has
3 main components (Kenny et al. 1995; http://www.
waikato.ac.nz/igci/projects/climpacts/system.htm, ac-
cessed: 4 November 1999). Its global climate model
(MAGICC) can generate greenhouse gas emissions
and the implied global temperature changes (to the
year 2100). A regional-scale climate model/scenario
generator then uses historical climate data in com-
bination with patterns of temperature and rainfall
change derived from MAGICC and downscaled for
New Zealand. The results are fed into biophysical
sectoral impact models. So far, these have been devel-
oped for agricultural production in New Zealand (Kiwi-
fruit, maize, sweetcorn, paspalum, kikuyu, wheat and
barley).

Section 1 mentioned that the NACO has coordinated
the provision of recommended specific global climate
models (GCMs) and socioeconomic projections to
ensure some comparability among the regional and
sectoral assessments. In addition, Penn State is using
its own empirical downscaling and nested GCM/meso-
scale models, which provide finer resolution as appro-
priate for regional assessment (Crane et al. 2000). Penn
State also has developed an approach for designing
socioeconomic/ecological scenarios likely to vyield
boundaries for both beneficial and detrimental impacts
(Abler et al. 2000).
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Fig. 4. Framework for Integrated Regional Assessment of Global Climate Change

3. REGIONAL ASSESSMENT PROCESS

One important goal of the national, sectoral and
regional assessments is to provide scientific findings
for more informed decisions by officials at the federal,
state and local level and by people in their role as
citizens, employees and members of communities.
For the MARA, identifying what impact categories
to assess, and the depth to which each would be ex-
amined, involved an iterative dialog between experts
and stakeholders. Several criteria guided this dialog:
(1) the importance of the impact category to the re-
gion’s economic, social and environmental well-being;
(2) expected sensitivity of the impact category to cli-
mate variability and change; and (3) the feasibility of
performing a credible assessment of each impact cate-
gory, given the available time and resources.

An early step in this dialog was a September 1997
scoping workshop that focused on the area surround-
ing the Chesapeake and Delaware Bays (Fisher et al.
1999a). These watersheds are shown in Fig. 3. The
92 participants represented federal, state and local
government, industry, academia and public interest
groups. The workshop enhanced their knowledge
about climate change and its potential for regional
impacts. They were enthusiastic about education and
information dissemination, especially for reducing un-
certainties about climate variability—at scales fine
enough to help water managers and farmers with their
planning. They expressed strong concerns about po-
tential impacts from sea-level rise on ecosystems and

recreation and about human health
impacts.

Another step in this dialog was a
June 1998 researchers’ meeting to
explore questions raised during the
September 1997 workshop and iden-
tify available databases and current
Climate research useful for the MARA. At
i an October 1998 event, the MARA
Landuse Advisory Committee provided input

: on the scope for the region’s first
assessment of climate change impacts.
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ing emphasized in the National As-
sessment—forests, agriculture, fresh-
water resources, coastal zones and
human health—as well as cross-
cutting ecosystems issues.

Dialog has continued through fre-
quent interaction with the MARA Ad-
visory Committee (O’Connor et al.
2000). In addition to periodic mailings
and requests for feedback, members
met in May 1999 to react to initial findings and sug-
gest strategies for disseminating results to potential
users.

Building on these inputs, the MARA team meets
every third week and has more frequent subgroup
meetings. A draft overview report (Fisher at al. 1999b)
summarizes baseline conditions and how human and
natural systems might be affected by climate change,
using the integrated assessment framework and case
studies to illustrate important impacts. It brings to-
gether information about diverse beneficial and detri-
mental impacts into a picture of the effects on the
region as a whole. The draft report is undergoing a
formal peer review. The MARA team will document
their responses to the peer-review comments; the
revised overview report will be printed as one of a set
of companion documents to the National Assessment
report. The papers in this Special provide a more
technical summary of components in the overview
draft. Additional details also are available in Fisher et
al. (1999c), and will be forthcoming in its peer-
reviewed ‘foundation’ revision. Work is continuing for
a second year of this initial MARA, with periodic up-
dates posted at the MARA web-site (http://www.essc.
psu.edu/mara). Team members will continue to pre-
sent results at professional meetings and submit jour-
nal manuscripts for peer review. The final products
will serve as a baseline for future assessments,
expected to be conducted on a 4 yr cycle. They also
are expected to serve as examples for others who
wish to conduct regional assessments.

.
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Table 1. Major data sets being used for the Mid-Atlantic Regional Assessment. CCC: Canadian Climate Centre; GIS: Geographic

Information System; MRLC: Multi-Resolution Land Characteristics; NPA: NPA Data Services, Inc.; USDA: US Department of

Agriculture; USEPA: US Environmental Protection Agency; USGS: US Geological Survey; VEMAP: Vegetation/Ecosystem
Modeling and Analysis Project

Data set Source Groups using data set Location in web-ring
GIS coverage and map of MARA boundaries Internal All Water site
GIS coverage, map and list of .

counties ?n the IE)/IARA region Internal All Water site
GIS coverage, map and list of counties .

in subreggions ofpthe MARA region Internal Al Water site
Climate scenarios (CCC and Hadley models) VMAP All Climate site
MRLC land use/cover gridded data USGS Agriculture, forestry, ecosystems Agriculture site
Stream flow USGS Water, coastal Water site
Census data US Bureau of Health, water, coastal Water site

the Census

NPA economic and demographic projections NPA All Water site
GIS coverage of major land resource areas’ boundaries USGS Agriculture, forestry, ecosystems Agriculture site
GIS coverage of US EPA eco-regions USEPA Agriculture, forestry, ecosystems Agriculture site
Soils data for the Mid-Atlantic Region USDA Agriculture, water Agriculture site
Digital elevation model for Mid-Atlantic Region USEPA Coastal, ecosystems To be determined

4. DATA SOURCES AND DATA MANAGEMENT

As with any regional assessment, MARA is data-
driven. The many large data sets (see Table 1) and the
many people involved in the assessment made it nec-
essary to find an efficient way to store, distribute and
verify the quality of these data sets. It also is crucial
that the data used by different groups be comparable,
i.e. if one group is using a particular data set to
describe population, it should be the same population
data set that is being used by other groups. Personnel
and data change over time, so having a central data-
storage structure is essential for long-term continuity
of the assessment. Thus, the MARA team decided to
make certain data sets available on the World Wide
Web to facilitate the transfer of data among working
groups and researchers.

The human resources required for a truly centralized
web-site containing all the data sets used by the
MARA team were not available during the assess-
ment’s first year, so a ring of related web-sites was
developed over time (Fig. 5). Most working groups cre-
ated and maintained their own web-sites. As the ring
began to evolve, team members found it more difficult
and time consuming to locate specific data sets. As
more data sets were added, maintenance of the web-
ring became increasingly problematic due to a lack of
human resources. The result was that some working
groups’ web-sites were developed more quickly than
others, and some did not provide all the data sets
that are available. These shortcomings are being ad-
dressed during the MARA’s second year. Data sets are
being moved to a new centrally managed web-site.
The revised mission of each working group’s web-site

is to share draft documents and preliminary results
within the MARA team. As the assessment process
continues, the web-ring will have a larger role in data
and information dissemination, both within the MARA
team and to stakeholders and other interested parties.

5. MOTIVATION FOR READING MORE

This introductory paper provides background about
the National Assessment needs and process, and why
regional and sectoral assessments are being con-
ducted. It summarizes the conceptual framework that
has guided preliminary MARA activities, and that will
guide refinement efforts during the assessment’s sec-
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Fig. 5. Schematic of MARA’s internal web-ring. A black out-

line signifies a site to which access is unrestricted; blue signi-

fies partially restricted access; red signifies very restricted
access
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ond year. It also addresses the crucial issue of how to
manage and provide access to diverse data sets and
interim drafts for a large, evolving, multi-disciplinary
team. The next paper in this Special (Polsky et al. 2000)
describes the MAR in terms of its geography and
trends and projections in population, income and cli-
mate. The following paper (Rose et al. 2000) explains
the role of economic analysis in integrated regional
assessment. This suite of 3 papers sets the stage for the
sectoral assessments reported in the following 6 papers.

Despite many uncertainties, the MARA shows that
the region’s economy is likely to be reasonably re-
silient to climate variability and change. On the other
hand, these papers show that climate change poses
diverse and potentially large risks to the region’s
ecosystems—which already show signs of stress for
many reasons. Both positive and negative impacts can
be expected—with benefits likely to be fewer and
smaller than damages. The impacts will make some of
the region’s citizens better off and others worse off.
These distributional effects, in concert with overall
economic resilience and pressure on ecosystems, form
the basis for taking advantage of opportunities created
by climate change and for coping with its damages.
The final paper in this Special synthesizes the findings
from these papers, identifying the most important im-
pacts and their uncertainties. The entire set of papers
is intended to demonstrate how others can build on the
MARA experience.
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