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1 Introduction

Climate change poses numerous challenges for ecosystems, communities, businesses, and
government agencies, and these challenges are becoming more visible across the globe. Over
the last decade, conversations focused on documenting, anticipating, and preparing for climate
risks have provided significant opportunities for interdisciplinary research and for transdisci-
plinary community building among scientists and practitioners. While some of these opportu-
nities have become visible to contributors to large-scale, interdisciplinary assessments such as
the periodic reports issued by the Intergovernmental Panel on Climate Change (IPCC) they are
increasingly evident in national- or smaller-scale assessment efforts as have been conducted in
the UK, Australia, Canada, the European Union, and in the United States (US).

The Third US National Climate Assessment (NCA3) report (https://nca2014.globalchange.
gov) (Melillo et al. 2014) has garnered international attention due to multiple innovations in
both process and products. This Special Issue brings together key lessons learned from the
NCA3, not only to inform future US assessment efforts, but also to discuss frankly and share
broadly what was done, how it was done, what worked and what did not. Our hope and
intention behind pulling these lessons together is that those sponsoring, designing, and
assisting in assessments at the regional, national and international levels can benefit from
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this experience. Importantly, these articles do not summarize the findings of the NCA3 report
itself, but move beyond them to provide insights about the assessment process and outcomes.

2 Background on US national climate assessments

Assessments can be useful at multiple scales, from resolving specific scientific issues to
broadly integrating a wide range of sources of knowledge. Climate assessments often include
consideration of underlying social, economic, and environmental systems as well as projec-
tions of trends in climate-related drivers in complex systems. However, in the case of US
national assessments, they also serve as the basis for regulation, policy, and decisions about
how to manage risks, which means that they must be conducted with extreme care in order to
avoid costly errors.

The 1990 Global Change Research Act established the U.S. Global Change Research
Program (USGCRP) and included a requirement that a global change assessment be completed
at least every four years that integrates, evaluates, and assesses the state of knowledge of
current and projected future impacts.1 Despite the Bat least every 4-years^ requirement, only
two National Climate Assessments2 were conducted between 1990 and 2009. There are a
variety of reasons why these reports were not completed in a more timely manner, but an
important one is that a great deal of infrastructure and social capital is required to conduct
assessments properly, given the need to engage stakeholders and external experts in order to
meet legal requirements. The federal government does not have the capacity to assess current
and projected climate impacts within all of the required sectors without the assistance of
external participants. Nor would an assessment conducted entirely within the federal govern-
ment be as readily acceptable or useful to stakeholders across the US. Importantly, USGCRP
has not historically maintained a staff to support timely completion of assessment reports.
Rather, new infrastructure and capacity for conducting assessments have been built up each
time to support each of the three NCA efforts (for more detail, see Buizer et al. 2015, this
issue).

Multiple other large-scale international assessments of research on the implications of
global environmental changes have been conducted over the last decades, including the
Arctic Assessment (Arctic Council 2005), the Millennium Ecosystem Assessment (2005),
and the Ozone Assessments (World Meteorological Organization 2010). In 2007, the National
Research Council issued a report that evaluated the lessons learned across this wide array of
assessment activities. The findings of this report were highly influential in the development of

1 Text of the GCRA (1990), Section 106. SCIENTIFIC ASSESSMENT: On a periodic basis (not less
frequently than every 4 years), the Council, through the Committee, shall prepare and submit to the President
and the Congress an assessment which–

1. integrates, evaluates, and interprets the findings of the Program and discusses the scientific uncer-
tainties associated with such findings;

2. analyzes 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

3. analyzes current trends in global change, both human- induced and natural, and projects major trends
for the subsequent 25 to 100 years.

2 Though the law refers to these assessments as global change assessments, the USGCRP has chosen to refer to
them as National Climate Assessments. However, the context for them is clearly broader than climate.

Climatic Change (2016) 135:1–7

2 Reprinted from the journal



the strategy for the NCA3; its recommendations were explicitly considered for its process and
products and are reproduced in Textbox 1:

Textbox 1: Essential Elements of Effective Assessments

• A clear strategic framing of the assessment process, including a well-articulated mandate, realistic goals
consistent with the needs of decision makers, and a detailed implementation plan.

• Adequate funding that is both commensurate with the mandate and effectively managed to ensure an efficient
assessment process.

• A balance between the benefits of a particular assessment and the opportunity costs (e.g., commitments of time
and effort) to the scientific community.

• A timeline consistent with assessment objectives, the state of the underlying knowledge base, the resources
available, and the needs of decision makers.

• Engagement and commitment of interested and affected parties, with a transparent science-policy interface and
effective communication throughout the process.

• Strong leadership and an organizational structure in which responsibilities are well articulated.

• Careful design of interdisciplinary efforts to ensure integration, with specific reference to the assessment’s
purpose, users’ needs, and available resources.

• Realistic and credible treatment of uncertainties.

• An independent review process monitored by a balanced panel of review editors.

•Maximizing the benefits of the assessment by developing tools to support use of assessment results in decision
making at differing geographic scales and decision levels.

•Use of a nested assessment approach, when appropriate, using analysis of large-scale trends and identification of
priority issues as the context for focused, smaller-scale impacts and response assessments at the regional or
local level.

Source: NRC (2007). Analysis of Global Change Assessments: Lessons Learned (http://
books.nap.edu/catalog.php?record_id=11868)

NCA3 was explicitly designed to address some shortcomings of previous assessments as
well as to benefit from the lessons learned in National Research Council studies, including the
America’s Climate Choices series (NRC 2010a, b, c, d, 2011). Some of the more salient
criticisms of these previous assessments focused on the limited utility of the material produced
for Breal-world^ contexts and the failure to truly connect with the American public. The NCA3
was also very much influenced by the Obama administration’s strong focus on decision-
relevance, transparency, and planning for resilience, and by the 2012 Strategic Plan of the US
Global Change Research Program (USGCRP 2012). That plan included BInforming
Decisions^ BSustain Assessments^ and BCommunicate and Educate^ as pillars of the research
program, in addition to BAdvance Science;^ the latter had traditionally been the primary focus
of USGCRP’s 13-agency science effort. This represented a major shift in policy toward
Bactionable^ science in addition to fundamental climate science research conducted under
the auspices of the USGCRP and established a firm foundation for the NCA3’s engagement
strategy (see, Cloyd et al. 2015, this issue).

Another criticism of previous climate assessments was the burden placed on the scientific
community from major efforts, such as the every-six-year IPCC assessment reports and
previous US national assessments. The thousands of scientists and other experts who contrib-
ute to IPCC and the NCAwork as volunteers, with a number of important repercussions. This
dependence on volunteers affects the potential pool of available participants and the enthusi-
asm of the people involved, because it means that many of the same people are tapped for
these processes time after time (NRC 2007). The lack of funding and other support for
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assessment activities continues to plague the NCA assessment process, and was a serious issue
within the NCA3. The use of professional NCA staff to provide a much higher level of support
for author teams in NCA3 successfully alleviated some (but certainly not all) concerns about
the burden on authors. However, through a more strategic and sustained effort, the burden on
the scientific community could be further reduced (Buizer et al. 2015, this issue).

3 Overview of contributions to this special issue

This special issue explores the NCA3 as compared with previous assessments from
both process and content perspectives. Among the NCA3’s important contributions are
its emphasis on interdisciplinary learning and the introduction of an engagement
strategy that brought hundreds of public and private sector contributors and stake-
holders into the assessment community. The NCA3 also included an explicit focus on
building sustained assessment capacity, an adaptive approach to managing assessments,
and analyzing both the impacts of climate on cross-sectoral systems and the intertwined
and cascading effects across sectors. Many new lessons were learned within these
efforts and they are discussed in detail in this issue. The first set of articles in this
issue describe these NCA3 innovations in some detail. Building Community, Credibility
and Knowledge: the Third US National Climate Assessment (Jacobs and Buizer 2015,
this issue), includes a broad discussion of the role of assessments in general and the
NCA3 in particular in framing our understanding of change. The next two papers delve
further into process innovations.

Building a Sustained Assessment Process (Buizer et al. 2015, this issue) discusses the
rationale for building the infrastructure and capacity for ongoing assessment activities that
support a wide range of research and application goals. It provides insights beyond those
included in a special report on this topic that was delivered to the USGCRP by the federal
advisory committee for the NCA3: Preparing the Nation for Change: Building a Sustained
National Climate Assessment Process (Buizer et al. 2013).

Engagement in the Third U.S. National Climate Assessment, by Cloyd et al. (2015, this
issue) describes both the motivation and the approach used in the NCA3 to build a broad
assessment community of scientists, contributors, and stakeholders in regions and sectors
across the U.S. Partly because of the broad interest by the public, private, and non-
governmental sectors in the activities and conclusions of the assessment, and partly because
of the high degree of scrutiny of the process, the entire NCA3 effort was built in the context of
balancing the interests of multiple kinds of decision-makers, scientists, and government
agencies. A key goal of these engagement efforts was to develop active partnerships that
could bring relevant information to the assessment and communicate its findings to audiences
and decision-makers across sectors and regions. The authors argue that these partnerships are
an essential part of building a sustained assessment process. As many assessment leaders and
observers have learned over the past two decades or more, in order for assessment findings to
be truly useful from a decision-maker’s perspective, the decision-makers themselves need to
be part of the process.

The second set of papers focuses on innovations in the assessment process itself that were
intended to build assessment capacity over time. To do so, considerable investments were
made in producing consistent climate histories and future projections for each of eight US
regions and a national set of sea-level-rise projections to allow for comparisons across the
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nation and to integrate regions and sectors within a common Brisk management^ framework.
Kunkel and colleagues, in their paper, Innovations in Science and Scenarios for Assessment
(2015, this issue), describe the intent, process, and challenges in doing so. To make such
climate histories and projections accessible for impact assessors as well as for downstream
users of such information, a significant effort was undertaken during the NCA3 to invest in
data management and accessibility, as described by Waple et al. (2016, this issue) in
Innovations in Information Management and Access for Assessments. This article describes
the ongoing efforts of the federal agencies to build a global change information system and to
provide transparent access to the data behind each of the major conclusions of the NCA3. The
third comprehensive investment in sustained assessment capacity by federal agencies was the
development (still ongoing) of an integrated set of national indicators of change across social,
physical, and ecological systems and of adaptive responses as described by Kenney and
colleagues in Building an Integrated National Climate Indicators System (2016, this issue).

The NCA3 also stands out for its considerable effort to integrate across sectors, disciplines,
practitioner perspectives and different forms of knowledge systems. Various illustrations of
this approach to assessing risk and the status of adaptive responses are provided in the next
three articles: first, assessing ecosystem impacts and services in Climate Change Impacts on
Ecosystems and Ecosystem Services in the United States (Grimm et al. 2015, this issue); the
implications of climate change on indigenous peoples and their lands and traditional cultural
resources in Engagement with Indigenous Peoples and Honoring Traditional Knowledge
Systems (Maldonado et al. 2015, this issue); and the integrated social, physical and ecological
implications of climate change in coastal areas in The Third National Climate Assessment’s
Coastal Chapter (Moser and Davidson 2015, this issue). Each author team in this set pursued a
different path to the goal of providing new insights on the complexities of climate change
impacts in the Breal world.^ The collective lessons learned are useful in putting together future
assessment teams, designing and supporting assessments, and for connecting these assess-
ments to adaptation processes both within the US and internationally.

Specifically on the question of how assessments should be framed to elevate their decision-
relevance and increase their ability to support decisions, Moss (2015, this issue) describes in
Assessing Decision Support Systems and Levels of Confidence to Narrow the Climate
Information BUsability Gap^ how important, and yet how difficult it was for NCA3 to
improve on past approaches and conventions for assessing scientific confidence and uncer-
tainty. The article makes a strong case for why sustained assessment capacity needs to be built,
and why learning from ongoing decision-support efforts, successes, and failures, must be an
integral part in improving assessments over time. The article also reviews challenges and
approaches for characterizing uncertainties and communicating confidence of lead authors in
findings based on the best available—but still incomplete—scientific evidence.

A critical reason for ongoing assessment of the state of knowledge is that both the climate
and our understanding of the mechanisms of change are evolving. It is important to evaluate
how assessments can support adaptation and adaptive management by taking the perspective
of decision-makers who are working toward more resilient systems. In BInnovations in
Assessment and Adaptation,^ Howden and Jacobs (2015, this issue) explore different aspects
of the adaptation process and their respective information needs, and suggest some paths
forward in building future assessments that address particularly challenging aspects of
adaptation.

Finally, the Liverman article (2015, this issue),U.S. National Climate Assessment Gaps and
Research Needs, discusses critical areas for improving the underlying science foundation for
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future assessments. The paper does not delineate the typical wish list of research needs from
across all common climate science subfields. Rather, it brings into focus two particularly
important gaps in knowledge that both limit the understanding of key future vulnerabilities of
the US and could undermine adequate preparedness efforts. They are: (a) the need to identify
and characterize international linkages that can either amplify or attenuate locally experienced
climate risks, and (b) the significant lack of understanding of climate change impacts on the
biggest sectors of the economy (such as manufacturing or service industries), as opposed to
focusing only on some of the most climate-sensitive sectors (such as agriculture).

In the concluding paper for this special issue, Aspirations and Common Tensions: Larger
Lessons from the US National Climate Assessment, Moser et al. (2015, this issue) synthesize
high-level, integrative lessons from the NCA3, based on the more specific messages and
recommendations outlined in each of the preceding papers. We hope these are of wider interest
to future US assessment designers and participants and to the international assessment
community. They focus on the key ingredients of assessments, including the process, the
supporting institutional infrastructure and resource base, the scientific information and foun-
dational data, as well as the people who carry out assessments. These reflections provide frank
and detailed insights into the making of the NCA3. Clearly, many of its innovations were
improvements over past approaches, building on the extensive national and international
experience of its participants. But the NCA3 effort should be viewed as a benchmark and a
learning experience to be further improved on in future assessments. The concluding paper
points the way to further improvements and invites other assessment designers and leaders to
share their experiences for collective learning.

Perhaps the most important message emanating from all the papers in this Special Issue,
however, is the importance of not losing momentum in a national climate assessment process
that is intended to be sustained, partly because climate risks are evolving so rapidly and partly
because the concurrent information needs of users at all levels of government and beyond are
also expanding over time. Our perspective is that ongoing assessment processes would be
advisable elsewhere in the world as well, and thus it is important that this first Bexperiment^ in
building assessment capacity continues to make contributions to climate resilience both
nationally and globally over time.
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Abstract Assessments that are designed to be credible and useful in the eyes of potential users
must rigorously evaluate the state of knowledge but also address the practical considerations—
politics, economics, institutions, and procedures—that affect real-world decision processes. The
Third US National Climate Assessment (NCA3) authors integrated a vast array of sources of
scientific information to understand what natural, physical and social systems are most at risk
from climate change. They were challenged to explore some of the potentially substantial sources
of risk that occur at the intersections of social, economic, biological, and physical systems. In
addition, they worked to build bridges to other ways of knowing and other sources of knowledge,
including intuitive, traditional, cultural, and spiritual knowledge. For the NCA3, inclusion of a
broad array of people with on-the-ground experience in various communities, sectors and regions
helped in identifying issues of practical importance. The NCA3 was more than a climate
assessment; it was also an experiment in testing theories of coproduction of knowledge. A
deliberate focus on the assessment process as well as the products yielded important outcomes.
For example, encouraging partnerships and engagement with existing networks increased learn-
ing and made the idea of a sustained assessment more realistic. The commitment to building an
assessment focused on mutual learning, transparency, and engagement contributed to the credi-
bility and legitimacy of the product, and the saliency of its contents.

1 Introduction: learning from assessments

Global change assessments by definition must incorporate both social and physical science and
consider the potential implications of current and future sources of stress and opportunity
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(NRC 2007). The Third US National Climate Assessment (NCA3, Melillo et al. 2014)
provided participants an opportunity for learning, not only about how to integrate a wide
array of information, but also how to knit together different ways of knowing, and how to
make assessments more relevant to decision-makers. This paper describes how this assess-
ment—building on lessons from other US and international assessments—was designed, and
the processes through which it was implemented. It delineates key elements of success and
describes some challenges encountered by those involved, aiming to inform future assessment
processes in the US and elsewhere.

Despite a vast array of available sources of scientific information, from satellite data and
ocean observing systems, to information about human and ecosystem vulnerabilities, to social
science and economics data, understanding what is most at risk from climate change is a
daunting task. When these sources of data are integrated with knowledge held by on-the-
ground resource managers, business executives, or policy-makers, and a range of geographic
and time scales are represented, there is a virtual explosion of data sources, ways of under-
standing the world, and potential paths for analysis and interpretation. This challenged NCA3
authors to step outside of more familiar, traditional, and disciplinary approaches to explore
some of the potentially substantial sources of risk that occur at the intersections of social,
economic, biological, and physical systems. They also had to make difficult choices about
which issues to emphasize, given the limits of a Bmanageable^ final report. With initial
instructions to most teams to condense their work into eight pages, only the most critical
issues could be included, even if underlying foundation reports were hundreds or in some
cases thousands of pages. This led to tradeoffs about perceptions of risk and personal values
within each author team, and significant opportunities for learning in an interdisciplinary and
transdisciplinary context.

Assessments that are designed to be credible and useful in the eyes of potential users must
rigorously evaluate the state of knowledge but also address the practical considerations—
politics, economics, institutions, and procedures—that affect real-world decision processes. In
addition, they often must build bridges to other ways of knowing and other sources of
knowledge, including intuitive, traditional, cultural, and spiritual knowledge. These need to
be respected and incorporated if assessments are to be useful and meaningful to multiple
audiences, including Native Americans and a range of other communities.

2 Background on the Third National Climate Assessment process

The National Climate Assessment responds to the 1990 Global Change Research Act
(GCRA), Section 106, which requires that an assessment be prepared at least every 4 years
that synthesizes, analyzes, evaluates, and assesses the knowledge developed within the US
Global Change Research Program (USGCRP), but also identifies impacts across a series of
sectors and projected timeframes. Only three such integrated assessments have been completed
in the 24 years since 1990. The USGCRP, which was created by the GCRA, is a consortium of
thirteen federal science agencies that is charged with coordinating and managing the substan-
tial federal investments in climate science (https://globalchange.gov). Though these
assessments are required every 4 years, only two previous assessments were completed (in
2000 and 2009), for a variety of reasons discussed elsewhere (see Buizer et al. 2013).

The first two National Climate Assessments focused primarily on summarizing outcomes
of research and documenting the state of knowledge, generally focusing on a synthesis of

Climatic Change (2016) 135:9–22

10 Reprinted from the journal

https://globalchange.gov/


published, peer-reviewed literature. However, they varied significantly in the extent of stake-
holder involvement. For a number of reasons (see Buizer et al. 2013) their outcomes were not
as widely used as the authors had hoped. The NCA3 builds on these assessments, but also
reflects a new sense of urgency from scientists, managers, and decision-makers across the
country—based on growing evidence that climate change is no longer only an issue for the
future, but a problem that requires action now. Because impacts are now observable in every
region and sector across the country, the products and processes of this assessment were more
explicitly designed to be useful in decision contexts. The increased visibility of impacts
changed the tenor of the NCA3 conversation and encouraged a stronger focus on assessing
response strategies than in previous assessments.

Individuals, communities and companies across the globe are now focusing on building a
more resilient future. The terms they use, such as sustainability, adaptation, resilience, and
preparedness, imply a wide variety of activities, but those working in these arenas have a great
deal in common. They may work in their communities to reduce use of fossil fuels, promote
health care for the urban poor, or manage invasive species in a wildlife refuge, but all are
concerned about the health of the planet and of human and natural systems in the face of
disruption and change. The NCA3 brought together people with diverse interests and expertise;
some participants had engaged in previous assessments, others were specifically included to bring
new capacity and new ideas into the process. A deliberate focus on community-building within
the NCA3 allowed new relationships to be forged among those who otherwise might never have
met. The investments in relationship-building within the assessment recognized the interdisci-
plinary nature of the scientific challenges, but was also intended help sustain the assessment
process beyond the report and improve the relevance of the final products in connecting science to
decision-making. Consequently, this assessment was Bowned^ by a much larger group of
individuals because of the NCAnetwork of partner organizations and the outreach efforts through
NGOs and professional societies (Cloyd et al., Submitted for publication in this special issue).

3 Building the NCA3 process

Initial partners in the NCA3, especially federal agency representatives, staff in the US Global
Change Research Program Coordination Office, and the NCA3 federal advisory committee,
created a common mission and vision statement based on the perceived need to support decisions
and be inclusive and useful to a broad audience of decision-makers and citizens across the US and
the globe (USGCRP 2011). They quite consciously worked to create and test innovative and
collaborative products and processes that would be useful and possible at this time in US history,
recognizing the growing need for Bactionable information^ to support adaptation and mitigation.

Building the capacity for this type of assessment meant involving people who know how to
remove the barriers between scientific disciplines and those who can build connections with
user communities in regions and sectors that may use very different language and terminology.
Facilitators, communicators, and Bboundary spanners^ (those who help connect scientists and
scientific information with decision-makers and the public) (Guston 2001; Carr and Wilkinson
2005; Hoppe 2010; Lemos et al. 2012) were deliberately incorporated in the NCA3 process
because of the need to bridge the gap between scientists and decision-makers in public and
private organizations, government agencies, and businesses. The lessons learned over the last
decade about the importance of managing the boundary between science and decision-making,
e.g., in the context of the National Oceanographic and Atmospheric Administration’s (NOAA)
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Regional Integrated Science Assessments (RISAs), and many others were explicitly incorpo-
rated into the design of the NCA3. In that sense, the NCA3 can be viewed as a large-scale
experiment designed to test theories about knowledge networks (Jacobs et al. 2010; Bidwell
et al. 2013) and knowledge-to-action research.

The authors, federal advisory committee members, and staff of the NCA3 felt that building
the interdisciplinary and regional capacity to sustain this effort would be critical to ensuring that
its findings are useful in decision-making. Stakeholders who participated in NCA3 town halls
across the country indicated that they were more likely to use the results of the NCA3 if they
knew that they could count on the NCA process to produce rigorous and relevant information
over time. From their perspective, relevance of the information produced was directly related to
their own ability to access, understand, and contribute to the process. Similarly, the importance
of building relationships among scientists and stakeholders during the assessment process was
recognized as essential in ensuring credible outcomes that are also perceived as relevant and
usable. More than a report based on peer-reviewed literature, the inclusive process itself was
viewed from the beginning as an important outcome of the NCA3 effort.

4 The National Climate Assessment Development and Advisory Committee
(NCADAC): lessons learned

In part because of the decision to make the NCA3 assessment more inclusive and transparent than
previous national assessments, the federal advisory committee that took responsibility for producing
the NCA3, the National Climate Assessment Development and Advisory Committee (NCADAC)
was unusually large, including 44 non-federal participants and 16 federal agency ex-officio
representatives. Establishing this committee took 18 months – far more than the original 6—month
estimate. This significantly impacted the overall schedule for the assessment and reduced the time
available to get the report done: rather than the 4 years allotted by statute to complete the
assessment, the NCADAC essentially had only 2.5 years. These regulatory and political transaction
costs need to be understood and factored into future assessment planning to minimize barriers to
progress and optimize outputs and outcomes from ongoing assessment processes.

Although establishing the NCADAC caused a major delay in the report development, the
time in the Bholding pattern^ was well spent. Because the advisory committee was not yet in
place, no decisions could be made—so a series of methodology workshops were set up as
Blistening sessions^ to help inform the process. These NCA methodology workshops (NCA
report series, https://globalchange.gov) established a foundation of common knowledge among
participants and built capacity for subsequent assessment activities. They gave the participants
time to assess priorities, solidify goals and objectives of the NCA3 effort, build knowledge of
assessment processes, and broaden the participant community so there could be a collective path
forward. In fact, separate communities started to evolve around the workshop topics, including
information management, communications, indicators of change, scenarios and modeling,
vulnerability assessment, and valuation techniques. Most visible and active of these
communities today is the group that focused on indicators; it has developed a broad vision
and a pilot demonstration within USGCRP for social, physical, and environmental indicators of
climate change (Kenney and Janetos, Submitted for publication in this special issue).

Based on its size, there were fears that the NCADAC would be unwieldy and expensive to
support, but surprisingly fewmajor problems arose. This was in part because of strong leadership,
which included three experienced chairs and a 12-member Executive Secretariat. The latter
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included individuals with significant experience in previous assessments who had a wide range of
disciplinary, legal, and engagement expertise. Executive Secretariat input was solicited on all
process and content issues prior to presentation of these ideas for review and decision by the
broader committee. Inclusion of a range of people on the NCADAC who were process experts
was another unusual aspect of this advisory committee that served the overall assessment
extremely well. Because webinars and conference calls were frequently used instead of in-
person meetings and the in-person meetings themselves could be generously characterized as
Bfrugal,^ the costs of supporting the NCADAC were far lower than anticipated.

Another critical decision was to include the USGCRP agencies, the chair of the USGCRP,
the White House Council on Environmental Quality (CEQ), and the Department of Homeland
Security as full participants in the NCADAC, albeit as non-voting members.1 Given that the
full NCADAC agreed to make decisions by consensus rather than by vote, the limitation on
voting by the 16 federal members was not as significant as it might otherwise have been. But
having the federal agencies engaged as equal participants and encouraging them to make their
scientific and other resources available to support the process was critical to achieving
approval of the final document. Although they could not participate in the consensus decision
to approve the final draft report, government scientists played important roles in providing
scientific expertise on multiple topics and were active in author teams. This balance worked in
favor of a more credible and defensible product. Without government input in the process of
developing the draft NCA3 report, it is highly unlikely that a consensus could have been
reached (or as easily reached) on the ultimate product. Without such a consensus, the
document might not have been accepted and released as a government document.

5 Leadership

Not surprisingly, the NCA3 products and process reflected the values and experience of those
who led it and of the 30 author teams2 who were selected by the NCADAC. Running a process
that had so much visibility and such high expectations can be a daunting task even with a small
group of participants; the involvement of 60 people on the NCADAC and of hundreds to
thousands more in authoring underlying documents raised the stakes substantially. As with
both previous US assessments, navigating the scientific and policy issues that arose almost
daily over a two-and-a-half-year period was a major challenge. The assignment was to develop
an unassailable scientific document through a transparent and inclusive process while avoiding
potential political pitfalls and practical irrelevance. Enlisting authors and reviewers who were
as representative as possible of their respective expert or stakeholder communities and who
had impeccable credentials was critical to the ultimate success of the endeavor. Balancing
many different interests and scientific disciplines required a delicate hand and chapter authors
who were willing to step outside of their comfort zone to experiment with new ways of
learning and knowing.

1 The Council on Environmental Quality provides oversight on regulatory and policy matters related to natural
resources and the environment. It is parallel to the Office of Science and Technology Policy within the White
House. The Department of Homeland Security—which includes the Federal Emergency Management Agency—
did not exist at the time of the formation of the USGCRP in 1990, but is now very engaged in climate-related
matters and chose to join the NCADAC as a non-USGCRP agency.
2 Each chapter was led by two coordinating lead authors and typically had 6 additional authors, resulting in a total
of approximately 240 primary plus ~60 contributing authors of the whole report.
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The NCADAC was led by a trio of very experienced leaders. The chair, Dr. Jerry Melillo of the
Marine Biological Laboratory at Woods Hole, co-led the two previous NCAs and has had a
distinguished career as an ecologist spanning decades of work on climate-related topics. As an
economist,, co-chair, Dr. Gary Yohe (Wesleyan University), provided important insight on costs
and consequences of climate impacts, while also providing important linkages to the IPCC Fifth
Assessment. Terese (T.C.) Richmond, the second co-chair and a natural resources lawyer fromSeattle,
represented stakeholder and private sector interests on the leadership team and worked to ensure that
outcomes were useful for decision-makers. In many ways she took on the role of an ombudsman,
ensuring that concerns of individual NCADACmembers, authors, and staff were properly addressed.

Another element that contributed to meeting the strategic goals of the assessment was the
willingness of the leadership to argue strongly for positions, yet compromise for the good of the
process at the right moment. Given the ambitious expectations, there had to be trust among
participants and an awareness that the collective outcome was more important than winning
personal battles.Matching the capacity of the leadership to the nature of the challenge is important
to the success of assessments, especially as the nature of these challenges changes over time.

The leadership also had to balance the ambitious goals of the NCADAC, author teams, and
staff with what was actually Bdoable^ from the perspective of the authors and the federal
agencies. For example, NCADAC members suggested that each author team should have
expert observers/assessment specialists who could assist with the consistent characterization of
uncertainties, but this was not possible due to a lack of time and resources. Many decisions
made during the assessment represented a compromise between an optimal approach and what
was possible, balancing scheduling constraints with concerns about quality and accuracy.

6 Sources of knowledge

NCA3 took advantage of multiple sources of knowledge, ranging from traditional ecological
knowledge of Indigenous Nations to the latest satellite technology. Recent advancements in
understanding climate communication, public perceptions, and information systems were
incorporated as well. Many participants noted the richness of the conversation that took place
within author teams, due at least in part to the transdisciplinary nature of the assignment.
Explicitly focusing on sources of risk and topics of greatest concern within regions and sectors,
as opposed to starting with climate drivers, was very helpful in reframing conversations in
ways that were more meaningful to decision-makers. A team of communication experts
provided advice on a wide range of issues, not the least of which were how to explain complex
issues simply and how to focus on communication outcomes that could reach a wide range of
audiences. For example, there was an effort to make sure the graphics and associated captions
painted a coherent picture that reinforced the text across the whole report, because many
people learn visually or by examples rather than through reading text carefully.

A benefit of the large advisory committee was its topical diversity, providing the NCA3
with subject expertise and sources of information not only on climate science and regional and
economic sector impacts but also other important topics and issues, such as decision support,
adaptation, and mitigation. The wide range of strategies, participants, and contributors, along
with the highly transparent approach to conducting this assessment, probably contributed to
the overall credibility of the final report and its broad appeal across the US. Further, the strong
emphasis on diversity on the NCADAC and the inclusivity of the engagement strategy may
have contributed to the absence of legal challenges to date.
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7 Documenting scientific findings and levels of certainty: traceable accounts

Another way to understand how different sources of knowledge were integrated into individual
chapters of the NCA3 is through the traceable accounts, an NCA3 innovation designed to
document the process that the authors used to reach their conclusions and describe their level
of certainty. Authors were asked to go beyond standard referencing conventions that docu-
mented their scientific sources and describe how they selected the key issues, which literature
they depended on most, and which scientific uncertainties are most important now and in the
future. This highly transparent approach enhanced the clarity of the process and avoided heavy
reliance on terms like Blikely^ and Bvirtually certain^ used in the text of other assessments to
characterize certainty in ways that most audiences either do not understand or interpret in
widely different ways (Ekwurzel et al. 2011; Morgan et al. 2009). It will be interesting to see if
subsequent assessment processes take advantage of this approach.

Inclusion of direct links to data used to support conclusions and to the references for each
climate science graphic reinforced the robust nature of the report’s conclusions. Documenting
both the thought processes and the data used built the credibility of the NCA3 and provided
information of interest to more sophisticated users. Though hard to evaluate, it would be good
to know whether potential critics of the NCA3 process accessed the data and found it
convincing. The transparent documentation avoided the accusation made in past assessments,
however, that the science was a Bblack box.^

8 Coproduction and assessment

The term Bcoproduction of knowledge^ is useful in describing mutual learning between
scientists and stakeholders (Lemos and Morehouse 2005; Mauser et al. 2013). The theory
behind it—that if a scientific product is intended to be used by decision-makers, the decision-
makers need to be involved in the problem definition, the discussion of solutions, and creation
of the product—was definitely supported in the context of this assessment. A primary motiva-
tion for collaborative knowledge production in an applied context is to facilitate access to the
facts for decision-makers and to help scientists understand how that information is used.
Identifying what motivates stakeholders to feel ownership and see value in the information is
a challenge, but one way to enhance both the perception and the reality of relevance to decision
processes is to engage them in generating that information. Experience in NOAA RISAs (e.g.,
Dilling and Lemos 2011; Lemos et al. 2014; McNie 2008) has shown that scientists tend to be
viewed as more legitimate sources of information if they actively engage in long-term relation-
ships with stakeholders, build their own understanding of the tacit knowledge of practitioners,
and come to be trusted by them.

The concept of coproduction as an approach to engagement was reinforced by experience
in the NCA3 effort: the NCA3 report itself served as a convening point for conversations
between stakeholders and scientists. They negotiated over which topics to cover, what the
evidence was, and where the remaining uncertainties were. As a result, communities formed
that can be the core of a sustained assessment process (Buizer et al. 2013). An example of the
community-building effort was the facilitated engagement of author teams in sorting through
multiple technical input documents and peer-reviewed literature in order to agree on chapter
key messages and a process for writing the supporting material (e.g., Moser and Davidson,
Submitted for publication in this special issue).
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Embedded in this concept of coproduction is the perception that how you engage people in
assessment and who to engage in assessment processes is at least as important as the findings
themselves. Strategic engagement with the specific stakeholders who are most likely to benefit
from a conversation with scientists is an important place to start, but training scientists in how to
be receptive to tacit knowledge of on-the-ground experts is at least as important. The coproduction
approach should optimize the experience of the participants while alsoworking toward the desired
end-point of the research itself. However, the goal of achieving long-term trusted relationships in
the process of assessment is not always attainable; not all researchers are prepared to invest the
time and energy required to engage in useful ways with decision-makers and vice-versa.

Based on personal communications with members of the NCADAC, an interesting out-
come of the NCA3 process was that the more participants were asked for their input about the
assessment process, the more invested they became in it. For example, some NCADAC
members who were initially skeptical about whether the process was workable became much
more interested and supportive as they saw their own ideas bearing fruit, learned to value the
input of others, and in some cases became more willing to dedicate more time and give input
on options for the path forward. The early methodology workshops also fostered a more
thoughtful and inclusive process. This primed the pump for the deliberate and ambitious
coproduction process that subsequently developed.

The concepts of use-inspired research and decision support influenced the structure, frame-
work, and components of the NCA3 report, including the selection of chapter topics and the
directions to authors to focus on what was most at risk. For example, the explicitly cross-
sectoral chapters (Energy, Water and Land; Urban Systems, Infrastructure, and Vulnerability;
Biogeochemical Cycles; Rural Communities; Indigenous Peoples, Lands, and Resources; Land
Use and Land Cover Change) illustrate the expansion from the narrow sectoral and disciplinary
approach in previous assessments to one that embraced the complexity of real-world chal-
lenges. Similarly, the input from users resulted in strong direction to authors to focus on
multiple stresses and issues that matter to communities, businesses, and policy-makers. All
key characteristics of the report format (strictly limited chapter length, the inclusion of key
messages for each chapter, a searchable web format, and use of strong graphics and images
illustrating climate change impacts and responses) derived from the strong desire to make it
both useful and used. Further, the way the report was delivered through partner networks and
trusted intermediaries reflected an understanding of what makes information trusted and useful
to stakeholders (Cloyd et al., Submitted for publication in this special issue).

9 Assessment and knowledge networks

A guiding principle in the engagement strategy of the NCA3 was to build capacity for
assessment by tapping into the strength of existing professional and private networks
(USGCRP 2011). A Bnetwork of networks^ approach was explicitly adopted, with the intent
to rapidly expand outreach and the ability to harvest knowledge from external groups (Cloyd et
al., Submitted for publication in this special issue). Knowledge networks, defined here as
groups of people who have intersecting interests and who choose to engage with each other
(e.g., via the Internet, social media or in person) to share information and knowledge about
selected topics, are increasingly seen as a powerful means to address complex problems (Dyer
and Hatch 2006; Jacobs et al. 2010; Eden 2011; Bidwell et al. 2013; Kirchhoff 2013). The
most deliberate network-building effort of the NCA3 was the NCAnet, which now involves
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more than 150 organizations representing at least 100,000 members. (For a discussion of their
importance in the NCA3 outreach strategy and helping to sustain the process, see Cloyd et al.
(Submitted for publication in this special issue)).

The concept of knowledge networks also permeated the development of working groups of the
NCADAC, including the Executive Secretariat. Within the overall umbrella of the NCADAC,
each Secretariat member was assigned to organize particular activities that occurred within the
purview of the NCADAC, including coordination of groups of chapters (e.g., regions, sectors);
report review and response processes; engagement and communication; approach to the sectoral
analyses; and guidance on characterizing uncertainty and Btraceable accounts.^ All Secretariat
members also had assignments to ensure the internal consistency of the information across the 30
chapters of the report. Several members served as convening lead authors of chapter teams and
most were authors on at least one chapter. Because they had roles as authors as well as leaders of
the NCADAC, they could evaluate whether the teams were following the guidance that had been
provided. This tiered approach to authorship and oversight was crucial to effectively managing a
very complex system with multiple moving parts. In addition, deliberate community building
within and between the author teams, the NCADAC, and the staff, included social events that
helped build personal and professional relationships. This was difficult, given government travel
restrictions, but a great deal was accomplished within the meetings that did take place.

10 Electronic innovation

From the beginning, key decision-makers for the NCA3 at NOAA (the supporting agency for the
Federal Advisory Committee and home of the Technical Support Unit) and at the Office of Science
and Technology Policy in the White House favored a Bnew generation^ of assessment that was
entirely electronic, because of the rapidly changing information world and the administration’s
commitment to innovation. The plans for web-based delivery of the NCA3 strongly impacted both
the product development and the experience of the authors. This was one of the first major
government reports delivered via the Internet, and this mode greatly enhanced both accessibility
of the products and traceability of the findings. Based on reactions from government and outside
stakeholders, this approach was extremely successful and will influence future assessments.

Web-based delivery provides instant access through search engines on the web, ensuring that the
NCA3 report can be regularly accessed by people seeking answers to climate-related questions, not
just by those who already know what a National Climate Assessment is. The linked data also allow
more sophisticated decision-makers to Blook behind the conclusions^ and directly access the
evidence underlying them. Electronic delivery, including compatibility with Facebook and
Twitter, also meant that a broader audience was engaged in the NCA3 rollout process.

The development of an interagency Global Change Information System as the underlying
data platform for the NCA3 is intended to be the foundation of a long-term interagency
investment of the USGCRP that would allow interoperability and data access for a wide array
of potential uses, including support of some Blive^ indicators of change that could be updated
more regularly than the quadrennial reports (Kenney and Janetos, Submitted for publication in
this special issue and Waple et al., Submitted for publication in this special issue).

Other electronic platforms were important during the development and review of the
assessment report. For example, chapter authors were provided with easily accessed electronic
workspaces, which helped to facilitate draft development, author collaboration, and the
assessment process itself. However, version control was a critical concern and required
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negotiated agreements about how authors, editors, and staff could amend chapters, especially
in later iterations. Status spreadsheets were used to track responses to each of an estimated
10,000 review comments over the duration of the NCA3 process. This was very time-
consuming and tedious, requiring intense central management and coordination. On the other
hand, the comment-response process and the technical input reports (from the public) were
received and documented through automatic online mechanisms and carefully tracked by the
central NCA3 staff; these more automated systems worked extremely well.

11 Sources of tension and lessons learned

TheNCA3 is simultaneously a summary of the state of knowledge of a changing climate in theUS,
a process for engaging researchers and stakeholders, and an assessment that depended on copro-
duction of knowledge between users and experts. The NCA3 was and is path-breaking in all three
respects. But these aims are not necessarily easily reconciled as the reflections below demonstrate.

There were many specific sources of tension, including the need for busy professionals, all
volunteering their time, to meet deadlines while developing the highest-quality outcomes possi-
ble. For example, despite the collective agreement to prioritize the needs of managers and policy-
makers for the NCA3 report, there were differences of opinion about how ambitious the report
should be in moving beyond GCRA legal requirements to be as supportive as possible of
decision-makers’ needs for scientific information. Instructions to authors on handling issues such
as characterizing risk and levels of certainty were not followed to equal degrees by all of the
teams—there were so many complexities in the process and so many guidance documents that
some authors moved forward without explicitly following the guidance. Further, there were
ongoing concerns about internal consistency across the 840 pages of the final report. A final
challenge was ensuring readability and consistency of the document given the influence of 300
individuals in drafting it. In the end, all of these concerns were resolved, resulting in unanimous
approval by the NCADAC of the final report. This outcome was primarily due to the hands-on
efforts of the NCADAC leadership and NCA3 staff developing a consensus approach to each
unresolved issue with the affected authors. Understanding these process-related tensions and
preparing for them can minimize the challenges for future assessments.

Use of non-traditional material in the NCA3 report also posed challenges. Although the
NCADAC agreed from the beginning that it was important to incorporate experiential knowledge
in addition to standard peer-reviewed literature, there were ongoing debates about exactly how to
do this. In many cases the quality of the data was indisputable because it derived from very highly
reviewed or vetted government sources even if not from official Bpeer-reviewed^ literature.
However, even in the context of the NCADAC’s publicly and federally approved guidance
document on how to handle information quality, there were questions from federal reviewers
about several of the sources used. An important innovation in the NCADAC guidance given on
information quality was the requirement tomake information use consistent with the quality of the
data. For example, information used as illustrations and case studies does not require the same
kind of academic review that sources of major science conclusions do (USGCRP 2012). Given
known challenges in all review processes, including peer-review, the status of peer-reviewed
literature relative to other sources is worth discussing carefully. Future assessments will need to
address this problem and to identify which data are critical to include even if not peer-reviewed.

There were also lessons learned by physical scientists about handling the evolving under-
standing of climate drivers and impacts. One issue was how to include new scientific insights that
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developed over the course of the assessment. The most important debate had to do with handling
the new Community Model Intercomparison Project (CMIP) 5 inputs, which were not available
early enough in the NCA3 process to be useful for impact assessment. However, the science
chapter authors were adamant that this material had to be included if the NCA3 were to be taken
seriously (Kunkel et al., Submitted for publication in this special issue). In turn, authors of impacts
chapters insisted that studies that did not use the standard climate scenarios used in NCA3 should
be eligible for inclusion. The NCA leadership set up special subcommittees to address science
issues where there were significant debates so that broadly acceptable outcomes could be
negotiated.

Extreme events occurring during the NCA3 assessment process (including Superstorm
Sandy) brought up new issues about prediction and physical mechanisms of climate impacts
but also highlighted the importance of interdisciplinary work and cascading effects, especially
linkages among systems and the vulnerability of urban infrastructure, reinforcing earlier
conclusions about the importance of systems thinking and the potential for catastrophic failures.

12 Integration of knowledge and sustained assessment

A number of assessment authors and NCADAC members indicated in personal communica-
tions that they were willing to stay engaged throughout the relatively arduous NCA3 process in
part because they expected to build the infrastructure and capacity for future assessments, not
just create a single report. A principal frustration voiced by participants in previous assess-
ments was that assurances about future engagement with them were not realized. Several
participants mentioned that if this were to happen again after the explicit commitments made in
the NCA3 process, future engagement with stakeholders as well as scientists would be
seriously impaired. Many NCA3 participants hope that the now-trained array of Bassessors^
across the country will assure that some form of assessment activity will continue even if
federal leadership for a sustained assessment does not materialize.

Despite this investment in assessment capacity, some teams were better at facilitating inter-
and trans-disciplinary conversations than others. Previous experience in bridging the gap
between science and decision-making was one criterion in the selection of authors and
members of the NCADAC. Inclusion of industry, government, and NGO representatives in
the NCADAC and in chapter teams also helped to ensure that the topics were relevant to
decision-making and the degrees of certainty about the findings were clear and defensible. An
example of this helpful input from stakeholders is evident in the relatively major changes that
evolved in the decision-support chapter (Moss et al. 2014), from a relatively theoretical public
draft to a final version that included more examples and conclusions based on managers’
experience.

Integration of knowledge across sectors and regions was greatly enhanced in the rigorous
review process. Up to thirty versions of some of the chapters were prepared over an 18-month
period, each responding to new input from author teams, the NCADAC, the Executive
Secretariat, external chapter reviewers, federal agencies, the National Academy of Sciences,
the White House, and the public. In some cases, inconsistencies were identified across chapters
that led to important interdisciplinary discussions and new ways to clarify, explain, and defend
scientific understanding. In others, the conclusion was that more research was required to
resolve the issues at hand. This thorough review process resulted in a much more robust report
and far less criticism than might otherwise have been expected.
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13 Staff contributions

To ensure effective communications across chapter teams and among the many players involved,
NCA staff and editors were assigned to author teams and NCADAC working groups to support
them in numerous ways, such as meeting planning or facilitation, assistance with
graphics and writing, filling important knowledge gaps, coordination across chapters,
and audience-tailored translation of scientific text. The fact that the professional staff
had significant content knowledge, good writing and communication skills, and
authority to engage with the author teams as needed was an important component
of success and should be replicated in future assessments.

Central staffing for the NCA3 included experienced professionals (at the USGCRP
office and the NOAA Technical Support Unit) with expertise in a wide range of
sectoral and scientific topics; their contributions to the overall process were signifi-
cant. The level of staff support for author teams was much more visible in this
process than in other assessments. High-level staff commitment and quality input
often helped authors meet key deadlines. Graduate students and others from partner organizations
and universities provided additional support to many teams. The effort, motivation, and capacity
of staff members was widely noted as exceptional in conversations, in public meetings, and by
authors and NCADACmembers in the final evaluation questionnaire. In such complex processes
there is a need for trusted staff who can meet expectations without biasing the outcomes.

A critical factor in the ultimate success of NCA3 was the careful work of those who edited
and prepared the document for electronic delivery, designed the graphics, trained the partic-
ipants for the deluge of media requests, conducted town halls to share the draft in all of the
regions of the US, and checked and rechecked the responses to comments. A notably smooth
rollout process in May of 2014 (and beyond) resulted from years of planning and preparation,
the help of the NCAnet, and the huge contributions of climate communications professionals
and their networks. The many people involved in every aspect of the report development and
review meant that there had been a great deal of socializing of the contents prior to the release,
ensuring high credibility and very limited criticism of the findings.

14 Conclusions

Learning from assessment processes involves personal and collective experience and
judgment; there is a human element of assessments that is not typically addressed in
academic literature. For the NCA3, inclusion of a broad array of people who both
study climate change and experience it in their personal lives helped in identifying
issues that really matter. Many stakeholders viewed building a sustained assessment
process as an investment in relevance in a decision context. Other critical ingredients of
decision relevance included using interdisciplinary, risk-based approaches, providing transpar-
ent access to data and evidence, and framing controversial topics in unbiased ways. Strong
leaders and staff who understand what is achievable, who can harness the power of knowledge
networks and benefit from technology and electronic innovations contributed to the success of
assessment processes and products.

The NCA3 was more than a climate assessment; it was also an experiment in testing
theories of coproduction of knowledge. The development of author teams that included both
scientists and decision-makers was a central tenet of the assessment approach and allowed
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integration of multiple kinds and sources of knowledge. Explicitly incorporating coproduction
had two benefits: the potential for more insightful information about impacts and increased
relevance to decisions. The highly engaged NCA3 staff and leadership also advanced knowl-
edge integration and sharing across the assessment enterprise.

Finally, encouraging the use of existing sectoral, regional, professional, and academic
networks as partners (particularly the NCAnet Bnetwork of networks^) increased learning
and made the idea of a sustained assessment more realistic. The commitment to building an
assessment focused on mutual learning, transparency, and engagement contributed to the
credibility and legitimacy of the product, the saliency of its contents to abroad public, and to
the absence (to date) of legal challenges.
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Abstract The leaders and authors of the Third US National Climate Assessment (NCA3)
developed new modes of engaging academia, the private sector, government agencies and civil
society to support their needs for usable, rigorous, and timely information and better connect
science and decision-making. A strategic vision for assessment activities into the future was
built during the NCA3 process, including recommendations on how to establish a sustained
assessment process that would integrate evolving scientific understanding into decision mak-
ing to manage the risks of climate change over time. This vision includes a collaborative
assessment process that involves partnerships across a diverse and widely distributed set of
non-governmental and governmental entities. The new approach to assessments would pro-
duce timely, scientifically sound climate information products and processes, rather than
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focusing on the production of single quadrennial synthesis reports. If properly implemented, a
sustained assessment would be more efficient and cost-effective, avoiding the painful and
time-consuming process of beginning the assessment process anew every 4 years. This
ongoing assessment would also encourage scientific and social innovations and explore new
insights and opportunities, building the capacity to advance the development and delivery of
climate information to meet societal requirements and benefit from scientific opportunities.

1 Introduction

As communities across the nation find themselves coping with evolving climate change
impacts, decision-makers are increasingly focused on adapting to both familiar and unexpected
challenges. The US federal government has conducted a series of climate assessments to
synthesize the state of knowledge about physical climate science and impacts. Historically, the
assessments have often been more valuable to the scientific community than decision makers;
delivering usable, rigorous and timely information has been difficult. The Third National
Climate Assessment (Melillo et al. 2014) developed new modes of engagement between the
government, academia, the private sector, and civil society for connecting science and
decision-making. The experience of the NCA3 suggests that assessments of both scientific
progress and the implications for managing risk, when undertaken on an ongoing and strategic
basis, can improve the connections between research agendas and practical applications.

In the initial organizational stages of the NCA3 there was extensive discussion throughout
the US climate assessment community about how to improve the overall outcomes of
assessment activities. Many in this community had volunteered to participate in past assess-
ments and had reached a broad conclusion that a longer-term, more sustained approach to
conducting assessments over time would be more efficient and generate multiple benefits. The
vision of building a sustained climate assessment process, now reflected in the Strategic Plan
(National Science Technology Council 2012 for the US Global Change Research Program
(USGCRP), is aimed at increasing the program’s ability to effectively and efficiently support
the expanding needs for decision-relevant information.

This vision of a sustained assessment process centers on empowering civil society, the
business community, and multiple levels of government with knowledge needed to more
effectively manage the risks of climate change. It includes sustained dialogue with users to
better understand decision contexts and information needs (and hence novel ways for users to
interact with Federal agencies), preparation of a wider range of products, continued innovation
in communication of information about climate change risks and opportunities, and additional
efforts to build capacity to decentralize assessment across a diverse and widely distributed set
of non-governmental entities and multiple levels of government. This assessment process
would produce timely, scientifically sound climate information products, systems, and pro-
cesses to support decision-making across the nation, building the capacity to advance the
development and delivery of climate information to meet societal requirements and benefit
from scientific opportunities.

This article provides background on historical approaches to US National Climate Assess-
ments, lessons learned from them, and the rationale for a sustained assessment process. It
concludes with discussion of the challenges involved in building and evaluating a sustained
assessment, including suggested metrics of success. The discussion also considers the recom-
mendations of the National Climate Assessment Development and Advisory Committee
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(NCADAC) in its Special Report, Preparing the Nation for Change: Building a Sustained
National Climate Assessment (Buizer et al. 2013). The authors of this article all contributed to
that Special Report, and are not disinterested parties.

2 Previous US national climate assessments

The Global Change Research Act of 1990 (GCRA) requires a scientific assessment, including
projections of future climate conditions and evaluations of remaining uncertainties, to be
completed at least every 4 years by the US Global Change Research Program (USGCRP).
However, only three NCA synthesis reports have been completed in the intervening years
between 1990 and 2014. There are a number of explanations for why the quadrennial reporting
requirements have not been met, including the fact that comprehensive, multi-sector assess-
ments are difficult to conduct; the politics of climate change and funding issues within federal
agencies are also factors. Despite earlier efforts to establish an ongoing assessment program,
there has been limited institutional support to plan and implement these assessments in an
ongoing and strategic manner. The experiences of initiating and conducting the first (NCA1)
and second (NCA2) national assessment processes provided valuable lessons that informed the
development of NCA3.

2.1 First and second NCAs

The first two NCAs resulted in reports released in 2000–2001 and 2009; they followed
different paths in their development and dissemination compared to the NCA3 and to one
another. The perspectives of the participants in previous national climate assessments were
important in the design of the NCA3 approach, and the lessons learned in the first and second
NCA are worth reviewing here.

The first NCA report, BClimate Change Impacts on the United States: The Potential
Consequences of Climate Variability and Change^ (National Assessment Synthesis Team
2000), was a landmark report on climate change for the US, and consisted of a shorter
overview (154 pages, published in 2000) and a large ‘foundational’ document (612 pages,
published in 2001). It was the first effort of its kind in the US, and engaged over a thousand
contributors and reviewers from academia, government, and public and private sectors. The
assessment was developed under the leadership of a National Assessment Synthesis Team
(NAST), which was a 14-member committee of experts drawn from academia, government,
non-governmental organizations and the private sector. This and all subsequent NCA report
development efforts were chartered under the Federal Advisory Committee Act (FACA).

In the development phase of the foundational report (the NCA1 synthesis report), a series of
regional and sectoral workshops were conducted, funded by several federal agencies, resulting
in reports from 20 regional teams and five sectoral teams and representing an even wider array
of contributors. Their reports were reviewed and synthesized by the NAST, and supplemented
by additional peer-reviewed material in preparing the foundational document. The synthesis
reports were then reviewed by the public and hundreds of experts, including an independent
panel formed as a subcommittee of the President’s Council on Science and Technology
(PCAST). The development and coordination of this effort was undertaken by staff at the
National Coordination Office of the USGCRP, under the direction of the Office of Science and
Technology Policy (OSTP) in the White House.
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The NCA1 synthesis report drew primarily on literature review and input from national and
regional assessment meetings. It included a wide array of contributors, and being the first effort
of its kind, significant lead-time was required. Process initiation to completion of the overview
reports took approximately 6 years; following the publication of the reports in 2000–2001 no
further regional or sectoral engagement or outreach strategy was implemented and the
infrastructure that was established to provide input to and coordination of the NCA was
disbanded. The federal government did not distribute the reports widely. The inability to
sustain the assessment effort after the reports were completed has been generally attributed to
the transition from the Clinton administration to the Bush administration, which re-organized
and reoriented the USGCRP into the Climate Change Science Program (CCSP) and a related
program, the Climate Change Technology Program.

Although this first NCA was developed by well-established experts following well-vetted
internal guidelines for quality assurance and was extensively and independently reviewed, the
Competitive Enterprise Institute sued the government over the NCA1 report in 2003. Their
legal challenge was based on the supposition that the NCA1 did not adhere to the recently
adopted Data Quality Act (also known as the Information Quality Act). The case was later
dismissed.

For the NCA2, a wholly different approach was employed. The strategic plan of the
USGCRP (then known as the CCSP; USGCRP 2003) identified five research goals, ranging
from extending knowledge of the Earth’s past and present climate (emphasizing climate
variability), to better characterizing uncertainty, to promoting decision support within the
limits of knowledge. A series of 21 topically focused Synthesis and Assessment Products
(SAPs), grouped under these strategic goals, were produced between 2006 and 2009 according
to guidance criteria provided by the CCSP Coordination Office. These criteria were consistent
in some instances with NCA1 (e.g., public review was required), but stakeholder engagement
was not required in the development of the SAP reports themselves. It took 6 years to produce
all of the individual SAPs, following long discussions about which agencies would be
responsible for facilitating which report, how each would be conducted and funded, and when
to form FACA committees. The CCSP website documented the progress of each report and
made them available for public comments.

The SAPs were scientifically rigorous and wide-ranging in their topical coverage. They
were designed to fill important knowledge gaps and answer specific science questions, most of
which were priorities for federal agencies and administration policy makers. The SAP reports
were written by experts and subjected to relatively transparent review processes, but were not
intended to provide a comprehensive national evaluation of impacts. A 2007 lawsuit brought
against CCSP seized on this issue and resulted in a judgment that the SAPs did not meet
GCRA legal mandates. This led to preparation of a synthesis NCA report (Karl et al. 2009)
which was developed within a year by a 31-member committee of federal and academic
authors. The process included review by an expert panel and an open review process but
limited stakeholder engagement. The Obama administration accepted the report and released
the 188-page document, Global Climate Change Impacts in the United States, in 2009. The
report release was followed by very limited outreach and communication efforts, resulting in
the NCA2 not being widely known.

The first two NCA synthesis reports were both of high scientific quality, provided infor-
mation that filled knowledge gaps, and made information accessible to non-experts. Both
assessments emphasized regional findings. The major differences between the two were the
degree to which stakeholders were involved in the process and the design of information flow

Climatic Change (2016) 135:23–37

26 Reprinted from the journal



from the underlying reports to the synthesis report. For example, because the NCA2 SAPs did
not cover all US regions or even all of the sectors required by the GCRA, the committee placed
the SAP findings into a more cohesive regional and sectoral structure. Neither NCA1 nor
NCA2 assessment development infrastructure was maintained beyond the release of the
synthesis reports.

2.2 The third national climate assessment

From the beginning of the NCA3 process, the USGCRP agencies and the broader
science community (through the National Research Council and other venues) were
interested in building an efficient, ongoing enterprise of learning and engagement.
However, engaging stakeholders, understanding evolving information needs, building
on previous regional or topical analysis, and tracking outcomes (and needed improve-
ments) from the previous NCA processes were initially difficult because the staff and
support infrastructure were no longer in place. As a result, the NCA3 process was
kicked off with a series of Blistening sessions^ to help shape a strategic plan for the
NCA3 and initiate discussions of a sustained assessment process. Public meetings in
Chicago in February 2010 included a BMidwest Regional Workshop^ and a BStrategic
Planning Workshop^ (USGCRP 2010a, b).

The Chicago discussions included conversations about the audiences for the assessment, its
mission, goals, and principles, and identifying what (limited) assessment activities were
already underway within agencies and across the US. Some of the key insights that emerged
from the Strategic Planning workshop were: 1) the need for the NCA to support both
adaptation and mitigation decisions; 2) the importance of seeing the NCA as both a process
and a set of products; 3) the need to do a significantly better job identifying regional issues and
engaging with stakeholders than previous assessments had done; 4) the need to support science
translation and Bboundary-spanning^ activities; 5) the importance of establishing metrics that
relate to informing policy and supporting decisions; 6) the need to balance Bscholarly^
contributions with decision relevance; 7) the importance of a phased, sustained approach to
ensure timeliness of future products; 8) concerns about finances and how that might constrain
the process; 9) the importance of an inclusive vision (reaching outside of the federal agencies);
and 10) the need for co-ownership of the assessment activity with external partners. Improving
the accessibility of findings and the need to coordinate with the needs and assets of federal
agencies were also topics of significant discussion.

Importantly, the Strategic Planning Workshop report (USGCRP 2010b) contained a signif-
icant section on BBuilding an Enduring Assessment Structure,^ including the following
priorities (paraphrased from the workshop report):

& Identify and engage stakeholders from the beginning
& Identify and prioritize stakeholders’ needs
& Map existing capacity and capabilities
& Move from a focus on vulnerability assessment to building resilience
& Develop data, observations, and trusted sources
& Develop a strategy for communication early in the process

The discussions at this early workshop, the development of the actual NCA3 process, and
the final recommendations of the federal advisory committee (NCADAC) in the Special
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Report on how to sustain the assessment process (Buizer et al. 2013) are remarkably consis-
tent, with a strong focus on the value of building a sustained assessment process.

3 Benefits of a sustained assessment process

The changes underway in climate and weather systems are driven by a range of complex
processes and feedbacks. Managing the increasing pace of change and the associated conse-
quences requires actionable, up-to-date information. Although scientific understanding of the
climate system is improving, resourcemanagers, businesses and private citizens often do not have
the information they need to support decisions about managing greenhouse gas emissions and
managing the risks associated with changes that are already occurring, let alone those projected
for the future. There is demand for data at the scale of decisions – often this means at the
community scale – and for more timely access to credible and actionable scientific information.

The primary benefit of a sustained assessment process is the establishment and maintenance
of ongoing dialog among potential users and producers of scientific information needed to
support national and global efforts to manage risks to both people and planetary life support
systems. An ongoing, distributed assessment process can leverage improvements in both
scientific rigor and the salience of findings. It can provide pathways for moving the science
produced under the auspices of the USGCRP to civil society, the private sector, state/local
governments, and regional entities who can apply this information to evaluate the potential
implications of global change for their own interests. Without the establishment of a sustained
process that harvests information from multiple knowledge systems and channels, information
would need to flow through a centralized, government-driven process, which is less likely to
be able to meet these diverse information needs.

4 Building a sustained assessment process

From its formation, the NCADACwas tasked with both developing the NCA3 synthesis report
and providing advice to the government on how to build a sustained assessment process.
According to its charter, BThe committee’s mission is to synthesize and summarize the science
and information pertaining to current and future impacts of climate change upon the United
States; and to provide advice and recommendations toward the development of an ongoing,
sustainable national assessment of global change impacts and adaptation and mitigation
strategies for the Nation^ (emphasis added). Accordingly, the NCADAC decided to include a
discussion of the rationale for a sustained assessment process as a chapter of the final NCA3
synthesis report and also to prepare a Special Reportadvising the government on how and why
such a process should be established.

4.1 A new vision and process for climate change assessments: special report
on the sustained assessment

Preparation of the special report was assigned to an interdisciplinary subcommittee of
NCADAC members. The authors drew on a number of National Research Council reports,
reviews of prior assessments, and their own experiences interacting with users, Federal
officials, and members of the research community.
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The recommended vision for the sustained assessment is creating.

B…an inclusive, broad-based, and sustained process for assessing and communicat-
ing scientific knowledge of the vulnerabilities, impacts, risks, and opportunities associ-
ated with a changing global climate in support of decision-making across the United
States.

supporting the goal to.

BEnhance the ability of decision-makers at multiple scales throughout the United States
to anticipate, mitigate, and adapt to changes in the global environment.^

Clearly this vision required something more than continuous production of NCA- and
IPCC-like reports. In fact, at its core, the goal and vision for the sustained assessment involved
broadening the assessment process beyond the Federal government – to engage and empower
decision makers throughout society to use the best available scientific information to come to
terms with climate-change risks, opportunities, and uncertainties. And, as described in the
report, it envisioned making a more diverse set of products available (including data sets,
maps, indicators, evaluations of decision support science, and others) through various com-
munication mechanisms involving ongoing interactions among producers and users of scien-
tific information.

The Special Report (Buizer et al. 2013) was formally submitted to the government in
October 2013, in advance of issuance of the final synthesis report. It suggests how to develop a
more efficient and strategic ongoing process, as well as programmatic approaches and
investments that could significantly enhance both the utility and the scientific rigor of future
processes. As the Special Report notes,

Ba sustained process offers the opportunity for planning and investment decisions to be
more deliberate and phased in over time…(allowing)…the US government (to) more
efficiently support the science and adaptation needs of federal agencies; and provide
transparent access to data at a variety of scales for private businesses, local/state/
regional/tribal governments, and other organizations that are planning for the future.^
(p.7)

It also points out that Ba strong federal commitment to documenting and anticipating both
the positive and the negative aspects of climate and global change demonstrates leadership that
can further encourage broad non-governmental engagement….and allow greater efficiency in
development of assessment products^ (ibid.).

The specific recommendations of the Special Report, grouped into four categories
below, are discussed in detail in the report, along with criteria for prioritization of
assessment efforts.

a) Establish mechanisms to support enduring collaborative partnerships that sustain assess-
ment activities: this was seen as a central challenge because it requires USGCRP and
participating agencies to develop unprecedented long-term relationships between the
research community and decision makers. The report describes engagement, communi-
cation, and partnership opportunities that provide ‘co-production’ capacity.

b) Enhance and organize the scientific foundations for managing the risks and opportunities
of climate change: this section focuses on integrating fundamental scientific knowledge
with decision support processes to develop new products and tools that support
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assessments and create new knowledge systems to link scientists and information users.
These products and systems include:

& methods for vulnerability assessment and risk management;
& development of indicators of change, scenario methods and products, and valuation

methods;
& ways to incorporate climate-related international influences on the US;
& methods for assessing confidence and uncertainty;
& adaptive learning within assessment processes;
& identification of risk management information needs

c) Provide infrastructure to support a sustained assessment process: this section describes a
variety of ‘infrastructure’ needed for sustained assessment including good leadership and
a strong coordination office, processes to support preparation of several different types of
reports, data and information management systems, and regional institutions and net-
works; and

d) Diversify the resource base and set priorities: this was seen as both an opportunity and
necessity – establishing an opportunity to draw on a wide range of resources from the
private sector and civil society; it is also viewed as a necessity in light of constrained
federal resources.

4.2 Innovations of NCA3 that inform a sustained assessment process

The NCA3 process included a number of innovations that provide valuable ideas and insights
for transitioning to a sustained assessment. These included development and promotion of
guidelines to encourage ‘risk-based framing’ to identify climate-related impacts of high
consequence; attempts to improve assessment and communication of levels of confidence
and improve transparency of author team deliberations through preparation of ‘traceable
accounts’ that explain the author’s thought process and sources for key findings; and devel-
opment of scenario approaches that incorporated lower probability events (for sea-level rise)
and that encouraged participatory scenario planning to explore implications of uncertainty.
Several of these innovations are discussed in other chapters of this volume. We emphasize here
two innovations related to expanding the information base for the assessment and improving
online delivery of information and access to underlying data:

4.2.1 Peer-reviewed publications vs. information quality act innovations

In the effort to enhance the relevance of process and products for decision-makers, the NCA3
authors were asked to go beyond the standard academic literature where necessary or possible
to illustrate impacts, provide case studies, or integrate important new insights. In many
instances they found government documents and other sources of highly reviewed
information that were viewed as credible by subject experts; these were relied upon to
support important conclusions. In other cases, the authors found information that was
extremely useful in case studies and other illustrations of climate change impacts and
responses, but considered less reliable from the perspective of supporting scientific
conclusions themselves.
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In anticipation of concerns about the use of non-traditional sources of information for the
NCA3, a separate subcommittee of the NCADAC developed guidance on how to manage the
requirements of the Information Quality Act while incorporating some non-traditional litera-
ture (USGCRP 2011). This guidance was crucial and helped set expectations about sources of
information for all the authors and the government reviewers. There were occasions during the
review process when specific sources were challenged, but in all cases a resolution was found
that allowed the findings to be included appropriately. This is particularly important in light
of proposed long-term partnerships with non-governmental external parties who would
like to play a role in the ongoing process, and who particularly value some sources of
information (such as information about the current status and success of adaptation
projects) that is unlikely to be updated on a regular basis through the peer-reviewed
literature.

4.2.2 Online delivery and transparent access to underlying data

A dramatic change between the NCA3 and its predecessors was its electronic delivery via an
interactive (and attractive) website. This meant that all of its contents were searchable online
and that all of the evidence behind the findings could be linked rather than just cited in a
bibliography. The fact that the interagency Global Change Information System was built by
USGCRP as a means to support and deliver the NCA3 synthesis report marks a major
transition to a new era of information access that reaches far beyond the NCA because it
can facilitate ongoing data-sharing and analysis across agencies and support subsequent NCA
reports. Advances in information technology, information systems, author support platforms,
and web-based search functions used in the NCA3 process have permanently changed the way
assessments will be conducted. Sustained assessment is much more viable in the context of
automated submissions, online review, electronic reports, and high-volume data-management
systems (Waple, Submitted for publication in this special issue).

5 Such a good idea – so hard to implement!

There are many barriers to creating a permanent, sustained assessment process; the majority of
them relate to concerns about the word Bsustained.^ Under current federal budget constraints,
it is hard to agree across multiple federal agencies to any kind of ongoing expenditures, even
for a program that is congressionally mandated. Some federal agencies and program managers
within the USGCRP have expressed concern about exactly what a sustained assessment might
entail. The word Bsustained^ could be understood to mean maintaining the same level of effort
required for the extremely involved NCA3 process and its very large participant list. However,
the Special Report (Buizer et al. 2013) and the USGCRP Strategic Plan (National Science
Technology Council 2012) note that efficiencies can be achieved through a well-planned,
ongoing process, while also improving products, regardless of the size of specific assessment
efforts. There are also uncertainties about the extent of the ongoing role of non-federal
participants and contributors in a process that is fundamentally a government responsibility,
especially given the constraints of FACA, which governs the degree to which non-federal
groups can provide consensus advice to the government on an ongoing basis. Other barriers to
progress include issues associated with leadership, resistance to change, and governance
issues.
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5.1 Budgetary constraints

There has never been a budget line for the USGCRP Coordination Office itself or the NCA
process, even though preparation of these reports is a federal mandate for the USGCRP. At the
start of the NCA3 effort (in FY 2010) funding was identified by the Office of Management and
Budget within one agency (NOAA) as its contribution to the collective assessment process, but
other agency contributions were not specified. In part, the need for building financial support
across the agencies has a positive effect – it reinforces their Bownership^ of the processes and
products jointly created. However, having no explicit interagency budget line for the NCA
means that existing agency programs need to be leveraged and/or Btaxed^ to support the
assessment. The lack of sufficient ongoing funds to support the sustained assessment remains a
significant challenge.

Importantly, federal program managers operate in an environment of constantly increasing
expectations on a fixed (or in some cases, decreasing) budget. In this context, it would be
understandable if they saw investments in the NCA as one more unfunded mandate. It is much
easier to start new programs that are additive (bringing in new resources) than to engage in a
zero sum game. Understandably there was some reluctance to fund NCA3 activities under
highly constrained fiscal conditions. Despite this challenge, federal managers involved in the
NCA3 clearly embraced the general role of assessments in the scientific process.

Based on personal communication with program managers, there are clear differences
between internal assessments of agency program outcomes and broad-scale assessments that
are highly vetted like the NCA3. The multiple levels of review in NCA processes add
significant credibility to the outcomes. In the NCA3, the number of topics involved, the array
of participants, the intersections of physical and social science, the multiple geographic scales
of evaluation, and the time frames for future projections mandated by law all added cost and
complexity. But the benefits of the NCA3 process were well recognized by federal leadership,
particularly by those who represented their agencies in the interagency NCA working group
that helped build and manage the process on a day-to-day basis.

5.2 Losing control

One barrier to conducting highly transparent, broad-scale assessments with significant stake-
holder engagement is the potential for loss of control for the federal participants. Including on-
the-ground managers and stakeholders from regions and sectors in assessment processes leads
to new sources of information that may challenge conventional approaches to science and to its
interpretation. For example, some federal agency representatives expressed concerns during
the development of the NCA3 process that, given the political nature of climate issues, strong
engagement with stakeholders could lead to a potential loss of control over the process itself.
Many federal program managers have had negative experiences in public meetings with
confrontational individuals, inaccurate press reports, or other consequences of poorly designed
engagement strategies or unforeseen events causing unexpected outcomes. There is justifiable
anxiety about government and scientific processes that are conducted in a truly public arena. It
is not surprising that there could be reluctance to engage in a major way with stakeholders.

However, there is also broad acknowledgement that the federal government’s conduct of
comprehensive assessments can and does benefit from the input of external parties and on-the-
ground knowledge. Multiple previous reports (e.g., NRC National Research Council 2007,
National Research Council 2009, National Research Council 2010) have noted that
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assessments benefit from more interactive, inclusive processes. The federal government simply
does not have all of the kinds of expertise required to evaluate the risks and opportunities
associated with climate impacts. However, broadening the assessment effort to incorporate
multiple sources of knowledge, including traditional ecological knowledge and the perspec-
tives of private and public sector managers within regions and sectors, is challenging (see
Jacobs and Buizer, this issue).

Possibly the most important scientific opportunity associated with expanded participation in
assessment activity is the potential change in scientific understanding that can come from
sharing information across multiple scientific disciplines and practitioner perspectives, access
to new data sources, and changed research agendas. The trend toward integration of multiple
kinds of knowledge has led to activities such as BIntegrated Assessment Modeling^ that work
towards predictions of future conditions while taking into account many different sources of
data and knowledge. Risk-based framing, an interdisciplinary approach that considers biolog-
ical, social, physical, and health impacts, helped NCA3 authors identify gaps in knowledge
that need attention from the scientific community. While such approaches can challenge the
views and investments of more conventional science, the resulting improvements in scientific
understanding have great potential for societal benefit.

5.3 Partnership opportunities and complexities

As recommended in the Special Report, any ongoing assessment process will need to diversify
its resource base. A shrinking domestic federal budget, along with expanding demands for
services, implies that changes are required.

An ever-increasing number of foundations, private companies, and NGOs are working on
climate issues and investing funds in research, education, and communication. Communities
that are actively engaged in managing risks are interested in working with the federal
government to ensure that assessment processes provide the kinds of data they find most
useful and are willing to provide in-kind services or even financial assistance. The amount of
activity focused on adaptation planning (Bierbaum et al. 2014) is also increasing. Although the
NCA3 found that the level of adaptation activities occurring is not commensurate with the
need or future challenges from climate change, it is clear that the interest level in more and
higher quality climate information is rising. Using only the measure of the number of hits on
the NCA3 website in the first two months since its release (1.5 million) by comparison to
previous hits on the USGCRP website following previous report releases (orders of magnitude
lower), gives an indication of the expansion of interest.

Because of resource constraints there is a need to leverage existing investments and seek
opportunistic approaches that lead to win-win solutions. For example, future quadrennial NCA
synthesis reports may not actually drive research agendas, but they certainly can harvest
information from agency documents as it becomes available. A properly designed sustained
assessment process encourages agencies and contributors to conduct activities and produce
products to meet their own needs that are also useful in a subsequent synthesis report.

The Special Report (Buizer et al. 2013) recommends expanding the partnerships that were
initiated in the NCA3 process, also noting that doing so might require shared governance of
some aspects of the process. The federal government has reason to be cautious about this
approach, given the important political and regulatory implications of climate products. In
addition, the scientific community has reason to be concerned about the possibility of
interference with the process or impacts on the credibility of the findings from some future
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partnerships. It is imperative that the credibility of the assessment process be untarnished, yet
non-federal resources are likely to be a critical component of most paths to a sustained and
useful assessment. A well-designed system of shared governance and information quality
assurance can support the construction of credible outcomes from distributed processes that
involve both federal and non-federal resources and input, but it will require careful attention to
both the appearance and the reality of avoiding potential conflicts of interest.

5.4 Challenges requiring resolution in establishing a sustained assessment

There is natural tension between the need for government support and engagement in
assessment processes and the need for independence from the government, politics, FACA
rules, etc. Government often moves slowly and cautiously, while the private sector and non-
governmental entities can often shift direction and priorities more quickly. If true partnerships
are to emerge, short-term political and economic considerations need to be less prominent than
the longer-term needs of the country, the scientific community, and civil society. At some level,
the federal government must support a sustained assessment process, not only because of
GCRA requirements but because of its own need for accurate and integrated scientific
information to support research and decision-making. Clearly the sustained assessment process
must meet the needs of the federal government, its major stakeholder, in order to succeed.

However, over more than two decades since the GCRAwas passed, the federal government
has demonstrated how difficult it is to move past precedent and historic ways of conducting
assessments. Ending tiresome debates about process issues and focusing instead on Bthe art of
the possible^ is important. For example, the government may need to be both more strategic
and more opportunistic in order to leverage work initiated for other purposes that is timely,
credible, and useful to stakeholders and the sustained assessment process. It will never be
possible to make all assessment process decisions in advance, but rather, a key to success is
learning from ongoing efforts and collaborating to identify ways contributions will be most
useful. In addition, the government should provide basic guidance to the scientific and user
community that facilitates participation – e.g., by providing guidance on how an external party
can contribute data or reports for consideration in a future assessment, including how to
document data sources, processes, and conclusions so that the products can be more easily
used.

6 Measuring success of a sustained assessment process

One way to test whether a sustained assessment is successful is to evaluate progress over time
based on established criteria (the Special Report includes suggestions for such criteria). We
offer additional criteria here for consideration. For example, can future report processes meet
the four-year deadline? This is one (admittedly limited) way to test the Special Report’s
assertion that a standing advisory committee, an ongoing set of interim reports to harvest
from, a well-trained staff, and well-defined external partnerships can result in a more efficient
process. Second, is there a documented increase in demand for products, including the full
range of electronic and hard copy products as well as the less traditional products and data that
are expected to be of interest to decision-makers? Third, is the engagement enterprise widely
perceived as successful? This would include a review of the expectations and performance of
external partners and funders in a broadening array of partnerships, as well as internal
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engagement efforts. For example, a metric could be the number and quality of partnerships,
measured in terms of numbers of people engaged, types of engagement, and documented
applications of the information produced. And fourth, is the process linked on an ongoing basis
to federal and external partners’ research agendas?

A critical component of success in the sustained assessment process is whether it is
perceived to be truly owned and supported by its parent organization, the USGCRP, relevant
USGCRP agencies, and the named partners in the process. Evidence could include ongoing
support for developing indicators of change, development of useful and timely scenario
products, or improvements in the functionality of the website and the data management
system. Metrics could also include staffing levels, agency use of assessment products, and
the quantity and quality of technical input documents submitted for consideration. To assess
success in the eyes of external parties, evaluation by independent NCA partners and informa-
tion users should become an integral component of the process.

Different measures of success may be needed over different time frames, from the short
term to the long term. Metrics could focus on issues related to process, outputs/products, and
outcomes. Agreeing on what success looks like in a broad, multi-party, multi-objective process
is very difficult. Key considerations include:

& One measure of success would be to examine whether the NCA process is producing a
more diverse set of products – data sets, maps, targeted information on extreme events,
evaluations of decision support systems and processes, user forums, and others. Reports
will, of course, continue to be a mainstay of the process, but as discussed above (and in
Moss, this issue) the growing range of decision contexts and information needs requires an
expanded product set.

& After 10 years, success could mean that multiple people and organizations across regions
and sectors have used NCA products in their own assessments and data to make decisions.
If the sustained assessment is successful, assessment and decision making processes
associated with the NCAwill be more widely distributed, and tracking this evolution will
require ongoing scholarly work demonstrating that the sustained assessment has played a
significant role in how decision-relevant science is developed and used in decisions. These
metrics of success would require a process to be in place that allows monitoring and study
of the process of conducting and building the sustained assessment.

& Measures should capture whether the ongoing process is inclusive and has a more diverse
set of players over time. Metrics could include whether states or other countries are
following the NCA model; whether local governments, industry and philanthropy are
engaging in funding, knowledge creation, and data-sharing; whether ongoing private
sector relationships are built around the NCA; and whether a self-identified and self-
organized community continues to engage and be part of the assessment process.

& Measures of the degree to which USGCRP and the federal member agencies have
embraced the process as a central component of its program activities could be established
across agencies, including whether components of the sustained assessment process
continue to show up in the strategic plans and budgets of USGCRP; and whether academic
partners, private sector interests, agencies and program managers are able to get funding
for projects that support Bsustained assessment^ activities.

& Success can also be measured in terms of engagement of the assessment community, its
collective capacity, and its sense of shared accomplishment, whether the premier scientists
and stakeholders continue to choose to spend their time on assessment, and whether the
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science gaps noted in the Special Report and subsequent assessment activities are starting
to be filled.

Ultimately, the success of a sustained assessment should be measured relative to
outcomes. If a goal is a more resilient society, an important measure would be linking
information in the NCA reports to use of information and, ultimately, to evidence of
reduction of risks. In the short term, measures could be more rudimentary; for
example, are the agencies and external partners actually using NCA information in
managing risk? The US government’s ongoing public commitment to an ongoing
assessment process would also qualify as a success.

7 Conclusions

The experience from the past three national climate assessments suggests that moving toward a
sustained assessment model would provide efficiency and effectiveness in responding to
decision makers’ information needs for climate risk management. It would also enable
capacity building that supports climate adaptation and mitigation, encourages innovation,
provides new interdisciplinary scientific insights and opportunities, and ensures greater utility
of future NCA findings. Establishing an adaptive process designed to test new approaches and
continuously evaluate them would improve both the scientific content and the utility of the
information products. The NCA3 experience demonstrates that an inclusive approach to
assessments can lead to more real-time participation and decision-relevance. Increased en-
gagement, better representation of sectors and scales, political, social and geographic diversity,
and a more integrated community of scientists and practitioners who can work together to
solve issues of concern to society can all contribute to better risk management strategies.

The NCADAC Special Report recommends the following steps for building an
effective sustained assessment process: 1) build mechanisms to support collaborative
partnerships, 2) develop the scientific foundations for improving assessments over
time, 3) provide adequate and enduring infrastructure (including leadership and
staffing), and 4) develop a diversified resource base within and beyond the federal
government. There are many successes from previous assessments, but making con-
sistent progress will require trying new approaches, as recommended in these four
steps. A properly designed sustained assessment process would advance the develop-
ment and delivery of information in ways that society demands, to manage the risks
of the changing climate.

USGCRP faces decisions about the structure, leadership, and scientific underpinnings of
ongoing assessments in order to ensure credible outcomes that are useful for managing risk
while also meeting the needs of the federal science agencies and broader user community. It is
not yet clear whether the USGCRP will seize the current opportunity and use the momentum
of the NCA3’s success and lessons learned to ensure that its research investments continue to
meet the needs of people nationally and internationally, or whether a wide range of factors will
be allowed to limit progress. The lessons documented in this special issue provide a foundation
for future climate assessment in the US and elsewhere.

Acknowledgments The authors are grateful for important suggestions made by the reviewers, who suggested a
number of important improvements.

Climatic Change (2016) 135:23 37

36 Reprinted from the journal



References

Buizer JL, Fleming P, Hays SL, Dow K, Field CB, Gustafson D, Luers A, Moss RH (2013) Report on preparing
the nation for change: Building a sustained national climate assessment process. Committee, National
Climate Assessment and Development Advisory

Bierbaum R, Lee A, Smith J, Blair M, Carter LM, Chapin III FS, Fleming P, Ruffo S, McNeeley S, Stults M,
Verduzco L, Seyller E (2014) Ch. 28: Adaptation. Climate change impacts in the United States: The third
national climate assessment, Melillo JM, Richmond TC, and Yohe GW, eds., U.S. Global Change Research
Program, pp. 670–706. doi:10.7930/J07H1GGT

Global Change Research Act of 1990. Public Law 101-606 [S. 169]; November 16, 1990, 104 Stat. 3096-3104
Karl, TR, Melillo JM, Peterson TC, eds. (2009) Global climate change impacts in the United States: 2009 Report,

Cambridge University Press. 188 p. http://nca2009.globalchange.gov/download-report
Melillo JM, Richmond TC, Yohe GW, eds. (2014) Climate change consequences in the United States: The third

national climate assessment, U.S. Global Change Research Program, 841 pp.
National Assessment Synthesis Team (2000) Climate change impacts on the United States: The potential

consequences of climate variability and change, report for the US global change research program.
Cambridge University Press, Cambridge UK, 154 pp.

National Assessment Synthesis Team (2001) Climate change impacts on the United States: The potential
consequences of climate variability and change, report for the US global change research program.
Cambridge University Press, Cambridge UK, 620 pp.

National Research Council (2007) Board on atmospheric sciences and climate. In: Analysis of global change
assessments: Lessons learned. National Academies Press, Washington

National Research Council (2009) NRC Committee on Strategic Advice on the U.S. climate change science
program. Restructuring federal climate research to meet the challenges of climate change. National
Academies Press, Washington

National Research Council Council NR (2010) NRC panel on informing effective decisions and actions related to
climate change, informing an effective response to climate change. National Academies Press, Washington

National Science Technology Council (2012) National global change research plan 2012–2021: A strategic plan
for the U. S. Global Change Research Program http://downloads.globalchange.gov/strategic-plan/2012/
usgcrp-strategic-plan-2012.pdf

USGCRP (2003) Strategic plan for the US Global Climate Change Science Program, at http://www.
globalchange.gov/about/strategic-plan-2003/2003-strategic-plan

USGCRP (2010a) In: The United States National Climate Assessment NCA report series, vol 1: Midwest
Regional Workshop: Feb. 22-24, 2010, Chicago. Illinois, USGCRP

USGCRP (2010b) The United States National Climate Assessment NCA report series, vol. 2: Strategic Planning
Workshop. USGCRP

USGCRP (2011) Information Quality Principles, at http://www.globalchange.gov/sites/globalchange/files/
Information-Quality-Principles-Draft_2011-11-16.pdf

Waple, A. (submitted for this issue) Innovations in Information Management and Access for Assessments.
Climatic Change

Climatic Change (2016) 135:23–37

37Reprinted from the journal

http://dx.doi.org/10.7930/J07H1GGT
http://nca2009.globalchange.gov/download-report
http://downloads.globalchange.gov/strategic-plan/2012/usgcrp-strategic-plan-2012.pdf
http://downloads.globalchange.gov/strategic-plan/2012/usgcrp-strategic-plan-2012.pdf
http://www.globalchange.gov/about/strategic-plan-2003/2003-strategic-plan
http://www.globalchange.gov/about/strategic-plan-2003/2003-strategic-plan
http://www.globalchange.gov/sites/globalchange/files/Information-Quality-Principles-Draft_2011-11-16.pdf
http://www.globalchange.gov/sites/globalchange/files/Information-Quality-Principles-Draft_2011-11-16.pdf


Engagement in the Third U.S. National Climate
Assessment: commitment, capacity,
and communication for impact

Emily Cloyd1,2
& Susanne C. Moser3,4 &

Edward Maibach5
& Julie Maldonado6 & Tinqiao Chen7

Received: 9 June 2015 /Accepted: 19 November 2015 /Published online: 25 November 2015
#

Abstract The National Climate Assessment’s ability to support decision-making partly relies
on engaging stakeholders throughout the assessment process. The guiding vision for the Third
National Climate Assessment (NCA3) was for an inclusive, broad-based, and sustained
process attentive to both the conduct of assessments and communication of findings. Such a
process promotes dialogue between scientific experts, stakeholders, and decision-makers about
what is important in a particular region or sector, the potential impacts of climate change, and
possible responses. We sought to create actionable research and assessment products widely
perceived as credible, salient, and legitimate. The process also sought to build capacity to
conduct sustained assessments and use climate change information in decision-making pro-
cesses. Here we describe how we pursued this stakeholder engagement vision during the
planning, development, and release of NCA3. Through repeated opportunities for stakeholder.
input, we ensured process transparency and inclusiveness in the framing of assessment and
built human capital. We also increased connectivity among stakeholder organizations. By
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cultivating a network of collaborators who connected the NCA to other networks, the NCA3
engagement process laid the groundwork for a sustained assessment - which is envisaged to
transition the traditional quadrennial assessment approach into a more dynamic and adaptive
assessment process.

1 Introduction: engagement and communication as central elements
of assessments

Over the past few decades, there has been significant progress in understanding the physical
climate system and in documenting impacts of climate change on social-ecological systems
(National Research Council [NRC] 2010a; NRC 2007a). Scientific assessments, such as the
National Climate Assessments conducted by the U.S. Global Change Research Program
(USGCRP) (e.g., Karl et al. 2009; Melillo et al. 2014a) and the Intergovernmental Panel on
Climate Change (e.g., IPCC 2014), seek to integrate such scientific information to better
inform decision-making (Keller 2010; NRC 2007a; Farrell et al. 2006, Jäger and Farrell 2006).
Yet assessments by themselves have not necessarily resulted in greater awareness of climate
change risks among citizens and policy-makers or in decisions that explicitly incorporate
climate change; to be useful in decision-making, assessments must be accessible and respon-
sive to the needs of users (Moss 2015; Moss et al. 2014; Dilling and Lemos 2011; NRC 2010b,
2008, 2007a and the vast body of literature cited therein).

The Global Change Research Act of 1990 (PL 101-606, Section 106) requires that national
climate assessments be produced, but does not specify any requirements for stakeholder
engagement. It does charge the USGCRP to Bconsult with actual and potential users of the
results of the Program to ensure that such results are useful in developing national and
international policy responses to global change^ (Section 102(e)). In addition, the Data Quality
Act of 2001 and subsequent Office of Management and Budget guidance about the review
process for Bhighly influential scientific assessments^ includes public participation as a
component of Bprocess integrity^ (70 FR 2664).

The Third National Climate Assessment (NCA3) made stakeholder engagement a principal
pillar of the assessment process and sought innovative ways to make the assessment more
accessible. This decision resulted from the lessons of previous assessments. The First National
Climate Assessment (NCA1, conducted from 1997 to 2000) included strong regional and
sectoral stakeholder engagement from the start. This mostly took the form of a series of
regional workshops in which stakeholders identified priority concerns, contributed specialized
expertise, and identified potential response options (USGCRP 2015). The resulting regional
chapters and full report reflected stakeholder concerns to some extent. Members of the Federal
Advisory Committee convened to produce NCA1 and outside evaluators of the process
recognized the essential role engagement played in creating an effective assessment and noted
that continued engagement of a wide variety of scientists, managers, decision-makers, and
other stakeholders would be vital to continued success (Parson et al. 2003; Morgan et al. 2005;
Moser 2005; NRC 2008). However, there was no Federal support for such ongoing stake-
holder involvement, or for outreach and engagement following the release of NCA1. For a
limited period of time, outreach was undertaken by a coalition of non-governmental organi-
zations (Moser 2005).

The second assessment did not sustain the level of engagement seen in NCA1; instead, it
was primarily a synthesis of 21 scientific reports (called Synthesis and Assessment Products)

Climatic Change (2016) 135:39–54

40 Reprinted from the journal



published by the Climate Change Science Program (CCSP) from 2006 to 2009. There
were some opportunities for participation in the development of these documents: the
selection of topics was motivated in part by public input (CCSP 2003), and all
reports, including the 2009 synthesis that became the Second National Climate
Assessment (NCA2), went through a public comment process. However, the level of
stakeholder engagement was left to the discretion of individual agencies that led each
report (NRC 2007b). At the end of NCA2, the authors advanced a vision for
Bsustained, extensive stakeholder involvement^ in future assessments, noting that the
Bvalue of stakeholder involvement includes helping scientists understand what infor-
mation society wants and needs…the problem solving abilities of stakeholders will be
essential to designing, initiating, and evaluating mitigation and adaptation strategies^
(Karl et al. 2009, p. 158).

For NCA3, USGCRP convened a National Climate Assessment and Development
Advisory Committee (NCADAC), under the sponsorship and auspices of the National
Oceanic and Atmospheric Administration (NOAA), to produce the report and to
provide advice on the sustained assessment process (Jacobs and Buizer 2015).1 In
spring 2011, the NCADAC approved an interim strategy for the assessment process
that included an overarching goal Bto enhance the ability of the United States to
anticipate, mitigate and adapt to changes in the global environment^ (NCADAC
2011a, p. 1) and a vision for Ban inclusive, broad-based, and sustained process for
assessing and communicating scientific knowledge of the impacts, risks and vulnera-
bilities associated with a changing global climate in support of decision-making across
the United States^ (NCADAC 2011a, p. 2). The strategy stated that Ban engagement
strategy that leverages science and assessment capacity across the United States, while
ensuring that the NCA process and products are accessible and useful to stakeholders
and the general public, is critical to this vision^ (NCADAC 2011a, p. 2); the
engagement strategy detailing the approach was also approved (NCADAC 2011b).

One important way that this commitment to engagement and communication
became manifest is the inclusion of two communication experts on the NCADAC
who co-led a working group on engagement and communication.2 Engagement efforts
were discussed at almost every NCADAC meeting and carried into the ongoing
proceedings of the Executive Secretariat of the NCADAC. In addition, USGCRP
had one full-time staff member dedicated to engagement, communication, and partnership
building who was responsible for ensuring implementation of the strategic advice from the
NCADAC.

Below we describe guiding principles of stakeholder engagement for the NCA3,
and the communication, engagement, and network-building that occurred during its
development, at the report release, and afterward. We discuss which communities were
engaged and the collaborations that were formed to help with communication and
engagement and conclude with a brief assessment of impact and larger lessons for the
sustained assessment.

1 The NCADAC charter is available at http://downloads.globalchange.gov/nca/NCADAC/NCADAC_Charter_
6-24-13.pdf.
2 This working group was also charged to focus on how to design and embed ongoing evaluation of the entire
NCA process into the assessment process, until the topic was deemed to deserve its own working group.
Evaluation was eventually included as a recommendation in the sustained assessment special report (Buizer et al.
2013).
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2 Principles guiding effective engagement

For NCA3, engagement was defined as an organized process that provides individuals and
organizations with access to the design, assembly, content, and products of the NCA by means
of two primary and related vehicles (NCADAC 2011b):

& Communication: Methods of alerting and informing individuals and organizations
about the NCA process and products with the aims of increasing people’s interest
in and understanding of the NCA, climate change, and the implications of a
changing climate for the US, increasing participation, and encouraging use of
assessment findings;

& Participation: Methods of providing individuals and organizations with opportunities to
actively contribute to the assessment – through written inputs and participation in assess-
ment activities – with the aims of increasing the assessment’s quality, responsiveness, and
utility.

The development of the NCA3 engagement strategy was guided by four overarching
principles derived from extant literature (e.g., Dilling and Lemos 2011; NRC 2008, 2007a;
McNie 2007; Jäger and Farrell 2006) and experience of the NCA3 leadership:

& Early and often: Multiple and varied opportunities were offered for participation during all
stages of the assessment process;

& Inclusive: Contributions were sought from a diverse set of stakeholders; groups beyond
those who contributed to assessments in the past (i.e., scientists, Federal agency experts,
and non-governmental groups interested in climate change) were proactively engaged;

& Sustained: Relationships with stakeholders – and networks of stakeholders – were devel-
oped and maintained indefinitely beyond the NCA3 release; and

& Enabling: Capacity was built in myriad organizations beyond the Federal government for
individuals to contribute to, use, and communicate assessment findings.

The breadth and number of potential stakeholders for a national climate assessment is
considerable. To organize the approach to stakeholder engagement, collaborators were prior-
itized by type (e.g., government, private sector) and scale of action (e.g., local, regional)
(Supplementary Material 1).

3 Planning for engagement: process, strategy and internal organization

The NCA3 engagement effort required considerable internal resources and planning. This
planning was undertaken by NCA staff and the NCADAC Engagement Working Group and
encompassed both Federal and non-Federal components (Figs. 1, 2). Key elements are
described below.

Dedicated staff From the beginning of her tenure in January 2010, the NCA Director made
stakeholder engagement a priority. Early workshops on regional impacts of climate change and
strategic planning (held in February 2010) included participants representing both contributors
to previous NCAs and people and organizations who were new to national assessments. By
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summer 2010, the NCA staff included a full-time public participation and engagement
coordinator to lead development and implement the NCA3 engagement plan.

Building diverse teams within government In March 2010, USGCRP formed a new
interagency working group, the Interagency National Climate Assessment (INCA) Working
Group. INCA coordinated, supported, and implemented the Federal components of the NCA,
including an interagency operational plan for the NCA, development of technical products,
and leadership of expert and stakeholder workshops.3 Building on the call for broad engage-
ment, INCA members made specific efforts to recruit additional participants from agencies
outside of the core USGCRP participants. In some cases, that meant program managers whose
cabinet-level departments participated in USGCRP but whose agencies were less engaged
(e.g., within the Department of the Interior, the National Park Service, Bureau of Indian
Affairs, Bureau of Reclamation, and the U.S. Fish and Wildlife Service) and in other cases,
agencies with clear interests in climate change that had not previously been part of USGCRP
(e.g., the Department of Homeland Security’s Federal Emergency Management Agency).

Explicit focus on engagement within the NCADAC In late 2010, the Department of
Commerce announced the formation of the NCADAC. The solicitation of nominations for this
advisory committee noted the need for Ba very wide range of expertise^ and called for
individuals Bwith experience in private industry, state, local, and regional government, acade-
mia, and non-governmental organizations, [...] drawn from a broad geographic distribution^
(76 FR 11427). To accommodate this diversity, the NCADAC consisted of 44 non-Federal
members and 16 Federal ex officio members. Among the various working groups formed
under the NCADAC, one focused on engagement and included both NCADAC members and

3 More information about INCA is available from http://www.globalchange.gov/about/iwgs#INCA.

Fig. 1 Organization of NCA components. From Melillo et al. 2014b
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additional disciplinary experts and assessment users from within and outside of the Federal
government. This helped ensure that communication and participation were carefully consid-
ered and informed by multiple perspectives.

Early lessons in engagement When the USGCRP initiated the NCA3 process, a primary
guiding principle for the assessment was to Bmaximize engagement of stakeholders^
(USGCRP 2010a). This was reflected in process and methodology workshops in 2010 and
2011, which included topical experts and stakeholders representing non-governmental orga-
nizations, other levels of government, tribes, and the private sector.4 Often, these individuals
were highly experienced in facilitating processes or conducting different kinds of analyses.
However, merely inviting a broad range of people to workshops was insufficient to guarantee a
diverse set of participants at a given workshop. Instead, stakeholders needed to understand the
value of their participation – both for themselves and for the assessment process – before they
would participate (NRC 2007a). The experience of recruiting attendees for these workshops
and the comments of attendees during the workshops resulted in improved communication
about the benefits of participation and the value of meaningful stakeholder engagement to
participants and NCADAC (e.g., USGCRP 2010b).

Another early attempt to provide an opportunity for stakeholders to engage in the assess-
ment process was a September 2010 call for public comments on the objectives, proposed
topics, and next steps for the assessment (75 FR 54403). The call resulted in input from 25
commenters, including individuals, organizations, and other groups (e.g., a college seminar
class) (USGCRP 2011a). The comments were used by the USGCRP and the NCADAC in
further developing the assessment process, topics, and structure.

A formal engagement strategy The NCA engagement strategy, approved by the NCADAC
inMay 2011, built on these early public engagement efforts and laid out a coordinated approach to
public participation and communication (NCADAC 2011b). As this guiding document explained,

B[t]he goal of engaging a broad range of stakeholders in the NCA (as with similar
environmental assessment and decision-making processes at all levels of government) is

4 All workshops described and outputs archived at http://www.globalchange.gov/engage/process-products/
NCA3/workshops.

Fig. 2 Third National Climate Assessment Report Process. From Melillo et al. 2014b
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to create a more effective and successful NCA – improving the processes and products
of this effort so that they are credible, salient, and legitimate and build the capacity of
participants to engage in the creation and use of these processes and products for
decision-making.^ (p.3, emphasis added).

The strategy encouraged conversations and learning throughout the assessment process,
laid out numerous engagement opportunities for stakeholders throughout the creation of the
assessment report, and ensured transparency, with the aim of increasing use of assessment
findings in decision-making.

The strategy also called for leveraging existing capabilities inside and outside the Federal
government to communicate about NCA3 and create a variety of opportunities for public
participation in the assessment process. Recognizing that the success of engagement efforts
would rely on building collaborative relationships with individuals and organizations with
existing connections to the broader stakeholder communities which NCA3 was targeting, the
strategy proposed the development of a cross-sectoral Bnetwork of networks^ that would serve
as a place to share information and co-produce knowledge and engagement efforts. Imple-
mentation of these efforts through NCAnet is described below.

Specific plans were also developed and implemented for the release of the public review
draft (January 2013) and the final report (May 2014). Importantly, the public review draft was
released under the purview of the NCADAC, whereas the final NCA3 was released as a major
report of the US government. This required full approval and acceptance from all levels of the
Federal government following a legally defined review process and close collaboration and
coordination with the White House on the actual release of the NCA3. While acceptance of the
report by the Administration was never in doubt, the full nature and format of the release was
not assured until days before the intended release date, requiring substantial contingency
planning independent of the White House.

4 Implementing engagement in the Third National Climate Assessment

Stakeholder engagement throughout the NCA3, as mentioned, involved opportunities for com-
munication and participation, i.e., : enabling NCADAC and authors to communicate with and
engage stakeholders effectively, while creating repeated opportunities for diverse sets of stake-
holders to learn about, participate in, provide input into, and communicate about the assessment.
This duality is apparent throughout the three engagement phases described below; a list of specific
engagement activities in each of the phases is provided in Supplementary Material 2.

4.1 Engagement during the development of NCA3

Request for information and participation One of the innovative mechanisms used in the
NCA3 was a request for information that invited contributions of technical inputs or other
capacity related to regional, sectoral, and cross-cutting topics proposed for the NCA report and
the ongoing NCA process (76 FR 41217). The NCADAC Engagement Working Group and
the NCA Office provided descriptions of the potential technical inputs (e.g., literature reviews,
case studies, topical reports) and capacities (e.g., hosting events, trainings, activating their
networks to participate in various activities) and suggested best practices for developing inputs
using open, transparent, and participatory processes (USGCRP 2011b).
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In response, approximately 500 technical inputs were received from approximately 200
sources, representing more than 1000 individuals. Inputs ranged from photographs and short
descriptions of local impacts of climate change, to previously published papers, to novel
scientific work by teams of experts. NCA staff reviewed and catalogued all inputs and offered
them for review to NCA3 author teams regarding relevance, topical and technical appropri-
ateness, and adherence to information quality standards.5

Suggestions and guidance on engagement Although best practices for engagement were
provided along with the initial request for information, some technical input providers were
able to implement these suggestions better than others. Often the ability to implement
stakeholder engagement was contingent on external monetary resources to support activities
and staff time. For example, the technical input to the NCA3 for the US Southwest region used
resources available through NOAA’s Regional Integrated Sciences and Assessments program
to conduct a large workshop and three teleconferences to gather information from stakeholders
about the issues they wanted addressed in the report (Garfin and Jardine 2013). Similarly, the
US Department of Agriculture sponsored a workshop that focused on the impacts of climate
change on rural communities (Hauser and Jadin 2012). Other teams drew on the results of
recent stakeholder engagement efforts that, while not focused specifically on the NCA process,
revealed key concerns over climate change impacts on particular regions or sectors.

A network of networks (NCAnet) Prior assessments provided important lessons about the
crucial role of communication and engagement in making assessments impactful (NRC
2007a). First, direct involvement in an assessment builds familiarity, trust, and greater legit-
imacy. Second, salience is enhanced by integrating, early and often, the viewpoints and needs
of potential end users. Third, communication and engagement are more effective when done
by groups and individuals outside the Federal government with whom stakeholders are more
familiar. Thus, a strategic decision was made to develop a network of organizations whose
participation and interaction with the NCA process would be enabled and facilitated through
the NCA Engagement Coordinator and occur through an accessible interface. This network,
called NCAnet, extended the already substantial capacity of experts directly involved in the
NCADAC and on author teams and served as an essential mechanism for dialogue between
NCA3 and outside stakeholders. This network grew steadily from its founding in 2012, largely
through word-of-mouth and direct appeal, and now includes more than 170 organizations
linked to hundreds of thousands of stakeholders (Fig. 3). Participants represent a wide range of
organizations, including professional societies; local, state, and tribal governments; NGOs;
business and industry; and academic institutions. Organizations participate in NCAnet volun-
tarily and generally without financial support for any of their services to the NCA. They have
self-organized into topical affinity groups (e.g., education and communication) and have
expressed great appreciation for the opportunity to collaborate and exchange ideas.6

NCAnet was essential in the development and rollout of NCA3’s draft and final report.
During the development of NCA3, NCAnet participants contributed technical inputs, orga-
nized and joined regional town hall meetings, informed their members about NCA3, hosted

5 Author teams were responsible for deciding whether cited source material met information quality standards.
NCADAC-developed guidance for assuring information quality is available from http://www.globalchange.gov/
sites/globalchange/files/NCADAC-Nov2011-Information-Quality-Principles.pdf.
6 More information about the composition and operation of NCAnet at http://ncanet.usgcrp.gov.
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webinars that sought input on specific topics, and assisted in communication and media
outreach during the release of the draft report (an occasion for which the NCADAC and
author teams were prepared to respond to inquiries, but did not proactively try to get press
coverage, as the product was not yet final). NCAnet was influential in getting significant press
coverage for the draft report (approximately 140 media mentions within the first week after the
release on January 11, 2013 and approximately 310 mentions by the time comments closed on
April 12, 2013; prior to the release of the final NCA3 in May 2014, the draft had been cited or
referred to in over 800 media stories).

Importantly, while there was ongoing communication among NCAnet, the NCA Engage-
ment Coordinator, and the NCADAC Engagement Working Group, all activities of the
NCAnet were voluntary and completely autonomous. While very substantial trust and coop-
erative spirit was created over time, there was no control or formal accountability mechanism
between NCAnet and the NCADAC or the NCA Office.

Public comments on the draft report The public could comment on the draft report during
a 90-day period (January to April 2013). In addition to the Federal Register Notice announcing
the comment period (78 FR 4132) and NCAnet participants calling on their own networks to
comment, USGCRP agencies sponsored eight public town hall meetings (one per region).7

NCAnet participants hosted additional meetings and webinars. At these events, report authors
provided summaries of draft report findings and attendees could ask questions about the draft
report. The meetings often also included sessions focusing on particular sector- or region-

7 All town halls and related materials available at http://www.globalchange.gov/engage/process-products/NCA3/
workshops#Town Halls.

Fig. 3 Growth of NCAnet, January 2012 – October 2015
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specific topics and on local or regional responses to climate change and provided opportunities
for networking. By the end of the public comment period, USGCRP received 4161 comments
from 644 government, non-profit, and commercial sector employees, educators, students, and
the general public (USGCRP 2014a; Melillo et al. 2014b).

Less successful engagement experiments While many engagement efforts worked ex-
ceedingly well, several experiments were limited in scope and impact. One that ultimately
proved too labor-intensive for the impact it achieved was the Climate Conversations project,
convened by the Keystone Center with a grant from the Energy Foundation. The Center hosted
four Climate Conversations across the country, with audiences not already convinced of the
importance and seriousness of climate change (for a detailed description of the Climate
Conversations, see Moser and Berzonsky, 2015). Of the approximately 2000 people invited,
about 200 from different sectors participated. Over half a day, they learned about regional
climate changes and NCA3, then participated in World Café-style dialogues about interests
and concerns related to those changes. The experiments confirmed the value of dialogue and of
educating people about climate change and NCA3, but the effort to recruit participants, the
facilitation of dialogue, and the need for meaningful ways to sustain the newly established
relationships were not commensurate with the perceived benefits for the NCA (Keystone
Center 2012).

Other ideas, such as building a corps of BNCA Ambassadors^ – trusted communicators
who could convey the findings of the NCA3 once the final report was released – did not come
to fruition as they overlapped with existing or new efforts organized outside of the NCA3
process.

Science translation To ensure the report used understandable language and graphics, NCA3
employed an editorial team that assisted the authors with writing in an accessible manner and
producing easily comprehensible illustrations. Public comments on the draft report also
pointed to areas where readers were confused about concepts and terminology, allowing
authors and editors to make further improvements in writing style.

4.2 Engagement during the rollout of NCA3

Engagement workshop In February 2014, in preparation of the release of the final NCA3
report, the NCA Engagement Coordinator organized a workshop for approximately 80
NCAnet participants, NCADAC members, Federal agency representatives, and chapter au-
thors. The workshop sought to generate ideas for engaging assessment users in learning and
conversation about climate change impacts and science, using the NCA3 as a springboard.
Participants developed ideas and planned implementation of such activities around the release
of NCA3, including media outreach, regional events, professional development training, and
educational materials (NCAnet 2014, NOAA et al. 2014). Several restrictions affected but did
not curtail these activities: resources for NCAnet-led activities had to come from NCAnet
organizations; Federal agencies had to work within their own budgets and capacities; and
travel funding for outreach was available only for authors and NCADAC members. Planning
for these activities continued throughout spring 2014 and following the release of NCA3.

Communication training for authors and NCADAC members: Prior to the release of NCA3,
the NCADAC Engagement Working Group and NCA3 editorial team offered several web-
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based communication trainings for interested authors and NCADAC members. These web
trainings allowed authors to practice delivery of report findings and answering questions. In
addition, the strategic communications firm Climate Nexus, an NCAnet participant, led an in-
person, two-day media training for approximately 20 NCADAC members and NCA3 authors.
Although several of these authors were already media-experienced, the training session was
particularly useful for helping individuals sharpen their message and communicate the NCA3
findings more effectively.

Communication products One of the innovations of NCA3 was its electronic delivery.
Only short report summaries (a 140-page Highlights document, a 20-page Overview, and 4-
page regional summaries) were printed; the vast body of material of the assessment was
delivered via an interactive website (http://nca2014.globalchange.gov). The website was
designed to work on virtually any desktop or mobile platform and to easily connect to social
media (Facebook, Twitter, and permalink sharing options for each chapter segment, graphic,
and key finding). In addition to the direct derivatives of the NCA3 report, one of the NCA3
editors independently produced short video introductions to selected chapters, featuring the
chapters’ lead authors, and to selected topics, featuring Americans dealing with particular
impacts in their regions or sectors (https://vimeo.com/channels/nca). These videos were
featured repeatedly in the TV and online media coverage.

Release day events The NCA3 was required by Congress and prepared by an advisory
committee; when accepted by the Obama Administration, it became a government report
released to Congress and the public. Following the commitment of the Administration to
advance climate policy during the President’s second term, the White House devoted time and
personnel to creating a highly visible release event on May 6, 2014. After the NCADAC
approved the document and NOAA delivered it to the White House, Administration leaders
together with the chair of the NCADAC held a press conference to announce the key findings
of the assessment. Later that day, the President hosted several one-on-one interviews with
selected TV weathercasters in the White House Rose Garden. Concurrently, the President’s
science advisor and other Administration officials hosted a live-streamed event for stake-
holders, during which a dozen NCA3 authors introduced key findings from their chapters.8

Outreach immediate following the report release In the first few days following the
release and after White House involvement subsided, NCAnet participants, the NCADAC, and
author teams continued a substantial schedule of outreach activities, including a briefing to
Congress the day after the release. Over 100 activities (ranging from web-based seminars to
community meetings to full-day workshops) have taken place since the release, many of them
organized by NCAnet participants.

4.3 Engagement in support of the sustained assessment

Implementation of the core elements of the sustained assessment process as advised by the
NCADAC (Buizer et al. 2013; Buizer et al. 2015) has been uneven. However, selected

8 The stakeholder event is archived at http://www.c-span.org/video/?319224-2/white-house-unveils-climate-
assessment-report.
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elements continue, including requests for information (80 FR 26105) and Federal Advisory
Committee nominations (80 FR 45643), special assessment reports, launch of a pilot indicator
system (Kenney and Janetos 2015), and NCAnet. Two of these are described below.

Ongoing NCAnet activities Congruent with the intention to build a sustained assessment
process (Buizer et al. 2015), NCAnet has persisted. According to a brief informal survey of
NCAnet participants conducted in spring 2015, considerable outreach work around NCA3
continues and many participants have developed regional or topical reports that draw on
information from NCA3. Several of the affinity groups continue to meet to create and refine
products and activities, including on the anniversary of the report release. In addition, new
affinity groups have formed to address emerging topics such as valuation, risk management,
and climate projections.

Climate and health assessment One of the special reports currently in development is an
assessment on climate change and human health, led by USGCRP’s Climate Change and
Human Health Working Group. The topic was chosen because of significant external stake-
holder and Federal agency interest, and was mentioned in the President’s Climate Action Plan.
As during NCA3, this special report requested public input to inform the report’s scope (79 FR
7417) and during a public comment period for the draft assessment (80 FR 18619).

5 Preliminary evaluation of impact

The overall goal of engagement was to create a more effective and successful NCA3 – i.e., an
assessment that is viewed by participants and outsiders as credible, salient, and legitimate,
underlain by a transparent and accessible process (NCADAC 2011b, NRC 2007b). The NCA
engagement strategy suggested that NCA3 could achieve an even broader impact, namely,
B[t]he NCA process and products…can serve as a vehicle for civic engagement, providing
space for conversations about the underlying science, expected impacts of, and responses to
climate change in the US^ (NCADAC 2011b, p. 3).

Soon after the NCA3 release, USGCRP organized a workshop on how to conduct a critical
but constructive post-NCA3 evaluation and how to build ongoing evaluation efforts into the
sustained assessment process (USGCRP 2014b). The workshop involved evaluation experts
from inside and outside government, academia, and NGOs. While the NCADAC had built
careful tracking and ongoing learning-oriented evaluation into developing NCA3, including its
engagement dimension, a full external evaluation has not yet been undertaken.

Selected elements of the engagement process, however, have been critically and routinely
assessed. For example:

& Regional town halls and workshops included participant feedback mechanisms;
& The Climate Conversations were critically debriefed by the dialogue facilitators, funders,

NCADACEngagementWorkingGroup, NCAEngagement Coordinator, andNCA leadership;
& A media analysis was conducted after the release of the draft NCA3 report to track

responses to the report and process;
& Ongoing media and outreach activities tracking is being undertaken by USGCRP and

NCAnet members;
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& Researchers from Michigan State University, together with USGCRP staff, conducted
social network analysis (SNA) to evaluate how NCA3 outreach activities have changed the
interconnectivity among researchers, government actors, NGOs, and other stakeholders
(Supplementary Material 3); and

& NCAnet members provide regular feedback about their use of NCA3 and usefulness of the
NCAnet process as a part of NCAnet conversations.

Based solely on this ongoing internal tracking, it is impossible to assess the overall impact
of the assessment. Thus, a critical evaluation must be left to external experts not involved in the
day-to-day operation of NCA3.

In the absence of an independently conducted evaluation, however, ongoing tracking of the
assessment’s uptake via surveys and interviews provides hints of the assessment’s perceived
credibility, salience, legitimacy, and transparency. For example, the assessment has been cited as
the rationale and policy justification for several Executive Orders and Federal agency climate
adaptation initiatives (e.g., EO 13514, the President’s Climate Action Plan, EO 13653, EO
13693), though some representatives of the US Congress have tried to prevent policy initiatives
based on NCA3. On subnational scales, NCA3 and its underlying regional technical input reports
have informed regional and state-level efforts (e.g., Bathke et al. 2014; Allegheny Highlands
Climate Change Impacts Initiative 2015; Tassel 2015). NGOs and private sector actors have also
drawn on the findings of NCA3 (e.g., Adams et al. 2014; Risky Business 2014).

As for reaching the American public, the widespread media coverage gives some hope. In
recent years, communication about climate change – relatively muted in traditional media
(Boykoff 2015) but ongoing, loud, and often polarizing in new and social media – has struggled
to engage theAmerican public in constructive discourse (Moser and Berzonsky 2015). Previous
NCA reports and other scientific assessments were not paired with comprehensive communi-
cation and outreach plans (Ekwurzel et al. 2011). By contrast, activeWhite House engagement,
involving the President and other Administration officials, and interviews with weathercasters
who are among America’s most trusted climate change messengers (Maibach et al. 2011;
Supplementary Material 4), live-streamed release events, and the enormous outreach efforts
undertaken by the NCAnet member organizations likely contributed to the Bnews splash^when
NCA3was released and thereafter. Within one week of the release, more than 2000 news stories
citing NCA3were cataloged; media mentions have continued at a steady rate (over 5000 unique
news stories cited NCA3 by October 2015, often 5 to 10 per week). Within the first year of its
release, the full report was downloaded over 850,000 times, the report Highlights were
downloaded over 189,000 times, and over 433,000 users visited the NCA3 website.

6 Conclusions: lessons for the sustained assessment

The NCA3 engagement efforts can teach several important lessons for future national and
other assessments.

Making engagement a priority Despite early agreement by USGCRP’s participating
Federal agencies and the NCADAC that engagement and communication would be priorities
for NCA3, in practice science was often treated preferentially. For example, some technical
input teams did not engage potential information users, the Federal assessment plan lacked a
dedicated budget for engagement, and there was tension, though diligently handled, between
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authors and editors regarding the creation of succinct and accessible key messages and
chapters. While the engagement strategy approved by the NCADAC provided a framework
to ensure engagement would be a priority, many ideas could not be implemented due to a lack
of staff time and resources.

Building extended stakeholder networks One of the core pillars of the sustained assess-
ment process is the importance of building and maintaining collaborations with an extended
community of scientists and others reaching into stakeholder communities. NCA3 has had
unprecedented success in this effort. As the SNA (Supplemental Material 3) showed, the
network of stakeholders and extent of interactions between people and organizations engaged
by NCA3 has grown significantly over time. As a tool in support of ongoing engagement
efforts, SNA can also point to network gaps and guide outreach efforts to bring additional
organizations into NCAnet for the sustained assessment.

Matching assessment and engagement boundaries Boundaries of the regions delineated
in the report were adjusted slightly from those used in NCA1 and NCA2, to align with state
boundaries, allow stakeholders to more quickly be identified or locate themselves within the
assessment, and for information to align with common jurisdictional boundaries. In addition,
the BIslands^ category used previously was changed, placing Puerto Rico and the U.S. Virgin
Islands in the Southeast and Hawai‘i and the Pacific Islands in their own region. However, the
placement of some states within particular regions and the size of some of the regions proved
to be confusing for some and may require further deliberation in future assessments.

Stakeholder-driven topical coverage Several new topics were added to NCA3 on the basis
of public and NCADAC input. Most notable were multiple calls for cross-sectoral chapters
(e.g., Energy, Water, Land; Land Use and Land Cover Change; and Rural Communities) and
response chapters (Decision Support; Adaptation; and Mitigation). These are of growing
importance and continued stakeholder engagement will ensure improved decision-relevance.
Undoubtedly, stakeholder input is important to capture emerging information needs.

Clear, accessible language and visuals, electronically delivered The linguistic, electron-
ic, and visual access to the often dense and complex climate change information was crucial, and
countless comments from outsiders reinforced the importance of providing information in this way.

Collaboration, not outsourcing Rather than counting on individuals to write a specific
section of a chapter or to create and lead one portion of an engagement activity, NCA3
experience indicates that the most useful input is developed collaboratively. The requisite skills
for transdisciplinary work should continue to be built and fostered.

Dedicated and sustained resource stream is essential to engagement process Having
dedicated staff for the engagement and an expertise-rich NCADAC were essential to the
success of NCA3. Building the sustained assessment without at least this level of support is
likely to result in inadequate outcomes. Several engagement ideas could only be accomplished
with resources, staff time, and financial support from NCAnet members and other external
funding sources. While an indication of great generosity and dedication, this is not a sustain-
able model for engaging the American public over the long haul. Effective engagement –
given its central importance in reaching those who could actually use the results of
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considerable Federal investment in science – is a necessary, not supplementary, investment in
America’s future preparedness for climate change.
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Abstract Scenarios for the Third National Climate Assessment (NCA3) were produced for
physical climate and sea level rise with substantial input from disciplinary and regional
experts. These scenarios underwent extensive review and were published as NOAATechnical
Reports. For land use/cover and socioeconomic conditions, scenarios already developed by
other agencies were specified for use in the NCA3. Efforts to enhance participatory scenario
planning as an assessment activity were pursued, but with limited success. Issues and
challenges included the timing of availability of scenarios, the need for guidance in use of
scenarios, the need for approaches to nest information within multiple scales and sectors,
engagement and collaboration of end users in scenario development, and development of
integrated scenarios. Future assessments would benefit from an earlier start to scenarios
development, the provision of training in addition to guidance documents, new and flexible
approaches for nesting information, ongoing engagement and advice from both scientific and
end user communities, and the development of consistent and integrated scenarios.

1 Introduction

The US National Climate Assessment’s (NCA) need for observations and future scenarios of
socioeconomic, climate, and environmental conditions arises from requirements in the 1990
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Global Change Research Act (GCRA). Specifically, in preparing and submitting an assessment
to the President and Congress, the report should, among other things, Banalyze current trends
in global change, both human-induced and natural, and project major trends for the subsequent
25 to 100 years^ (GCRA, Section 106). Responding to this requirement, the Third NCA
(NCA3) undertook an ambitious effort to provide new information on past and potential future
conditions for the assessment process. The scenario effort was planned by a working group of
the National Climate Assessment Development and Advisory Committee (NCADAC). Im-
plementation drew on the resources and expertise of the US Global Change Research Program
(USGCRP), the National Oceanographic and Atmospheric Administration (NOAA), the
National Aeronautics and Space Administration, the Environmental Protection Agency
(EPA), the Department of Energy (DOE), the Department of the Interior, and other agencies.
A technical support unit (TSU) at the National Climatic Data Center prepared climate
information, while other components of the scenarios drew on a variety of existing resources
published in the peer-reviewed research literature. A key challenge was attempting to move
beyond traditional scenarios approaches, focusing instead on facilitating consistency and
coordination among those producing the assessment and using scenarios to facilitate commu-
nication with end users. Innovations included a set of regional climate outlooks that provided
narrative descriptions of past and potential future climate features of importance to assessors
and potential end users, a range of sea level change scenarios considering multiple potential
users, and resources to support participatory scenario planning as a way to better engage
decision makers, resource managers, and communities.

The authors of this paper were all involved in various aspects of the scenario process, so
this is not a disinterested evaluation of what was planned and achieved. Rather, our purpose is
to describe NCA3 scenario objectives and products, including several innovations from prior
NCAs, and to provide our reflections on topics for evaluation and additional innovations for
future scenario and assessment planners to consider. We also seek to advance the research
literature on preparation and use of multi-component global change scenarios for research and
assessment purposes.

We first briefly review the scenarios provided in the first two NCAs, and describe the
strategy of the NCADAC’s scenario working group (SWG). We then review in detail the
climate, sea level, integrated socioeconomic and land cover/land use, and scenario planning
components of the scenario strategy. We conclude with questions and issues to be considered
for the sustained national assessment and future assessment reports.

2 Scenarios in the 2000 and 2009 NCA reports

The 2000 assessment (NAST 2000) and 2009 report (Karl et al. 2009) were very different in
character, which is reflected in their scenarios (Moss et al. 2011). The 2000 NCAwas similar
to NCA3 in that one of its objectives was to establish networks of assessors and end users that
would persist following report completion. Another similarity was its level of ambition:
multiple products including multiple regional and sectoral chapters and a range of summary
products. Three basic scenarios types were provided: climate (MacCracken et al. 2001);
ecosystems/vegetation (Melillo et al. 2001); and socioeconomic (Parson et al. 2001). Selection
of climate scenarios was based on availability of data at the time of the assessment. The
scenarios were based on two Global Climate Models (GCMs): the U.K. Hadley Model
(HadCM2) and the Canadian GCM (CGCM1). Only one emissions scenario was used to
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‘force’ (i.e., as an exogenous input to) the models: the Intergovernmental Panel on Climate
Change (IPCC) IS92a (a mid-range ‘business as usual’ emissions future). Some climate
diversity was provided because HadCM2 was relatively cooler and wetter and CGCM1
warmer and drier. Controversy arose because no US models were represented and the use of
only one emissions future did nothing to bound the true uncertainty (Morgan et al. 2005).
Terrestrial ecosystem/vegetation scenarios were produced through the Vegetation-Ecosystem
Modeling and Analysis Project (VEMAP) to provide information on ecosystem shifts resulting
from climate change. Socioeconomic projections for a small number of population and
economic variables at county scale to 2030 and aggregate national scale projections from
2030 to 2100 were provided from an integrated assessment model. Guidance was provided for
assessment authors to develop simple parametric projections of variables of interest for the
assessment of impacts in particular places or sectors. According to Morgan et al. (2005), the
socioeconomic scenarios were not widely used, and most participants suggested another
approach was needed for the future.

By contrast, the 2009 assessment needed to be completed in a short period of time
(13 months) to comply with a legal ruling that the BSynthesis and Assessment Products^
prepared by the program on a variety of climate science and impacts topics failed to fulfill the
requirements of the GCRA. The resulting assessment focused on integrating information
contained in these reports, supplemented with more recent findings in some areas. Report
authors used climate information based on a set of 15 models from the Coupled-Model
Intercomparison Project Phase 3 (CMIP3) forced by the IPCC Special Report on Emissions
Scenarios (SRES) B1 (low emissions) and A2 (high emissions) scenarios. Many of these
models were statistically downscaled to a higher spatial and temporal resolution using a bias-
corrected spatial disaggregation (BCSD) method (Wood et al. 2002). The statistical down-
scaled data were used to produce several derived climate variables (e.g., number of days>
90 °F). A variety of specialized maps, projections, and indicators were produced using these
data and appeared in the report. No socioeconomic scenarios were provided.

3 Overview of NCA3 scenario strategy and innovation

NCA3 scenarios preparation began with workshops in 2010 on scenarios (Moss et al 2011)
and modeling (Janetos et al. 2011). These engaged a broad range of researchers, intermediate
users (mostly climate modelers and impacts scientists), end users, and USGCRP agency
research program managers. The scenarios workshop focused on types of scenarios (climate,
socioeconomic, etc.) and their inter-relationships, reviewed previous scenario experience in the
NCA and other assessments, provided an overview of ongoing scenario efforts, and included
extensive discussion of user needs. Climate, socioeconomic, and user support community
discussions were also held to plan scenario material for the NCA3.

Development of a detailed scenario strategy fell to the SWG. The group included approx-
imately 20 NCADAC members and representatives from several federal agencies, incorporat-
ing wide research expertise, individuals from the private sector, and users. The group met
virtually over a roughly 3-month period and developed recommendations that were presented
to the NCADAC in May, 2011 (NCADAC Ad Hoc Working Group on Scenarios 2011) and
approved in November 2011. The SWG made five sets of specific recommendations on
historical observations and future scenario information for: 1) climate, including
traditionally-provided global scenarios, regional downscaling, and narrative climate
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‘outlooks’; 2) global sea level rise including overview of factors that result in regional
anomalies; 3) land cover and land use; 4) socioeconomic conditions; and 5) participatory
scenario planning activities. Each of these topics is discussed in greater detail below, but
several general points about the SWG’s objectives are relevant.

The strategy considered needs for two broad categories of users: scenarios for intermediate
users, especially to support and coordinate modeling and synthesis; and scenarios and related
tools intended to communicate with lay audiences and to support participatory processes
considering the implications of climate change. There is some overlap in these two sets of
needs, but there are also important tensions. For example, intermediate users wanted consistent
scenarios reflecting scientific consensus on the range of plausible outcomes, whereas the risk
managers would be better served by scenarios that take into account low probability, high
consequence events (EEA 2009).

The more extensive and diverse set of products envisioned by the SWG was intended to
address unmet needs noted by authors of prior assessments (mostly intermediate users) and to
provide new types of resources that communicated more effectively with end users. This latter
use was seen as supporting the shift to a sustained assessment process based on ongoing
interactions between the research and user communities.

One of the most important innovations was the decision to produce ‘regional climate
outlooks’, which included narrative descriptions customized for each region. This approach
allowed for comparing and discussing complex scientific results in a more accessible fashion
than if only model data sets were provided, thus fulfilling the objective of meeting needs of
end users and those intermediate users who looked to scenarios for ‘context’. The outlooks
provided both historical trends of several climatological variables including means and
extremes and discussion of current understanding of the future, based on simulations forced
by the A2 (high) and B1 (low) emissions scenarios (NCADAC Ad Hoc Working Group on
Scenarios 2011, Appendix 1). These scenarios were selected because they bounded uncertainty
about future emissions and socioeconomic conditions and because a large body of impacts
research was based on them, facilitating preparation of report chapters.

A second innovation was inclusion of sea level change scenarios for risk framing. Sea level
scenarios had not been included in prior assessments, but the increasing visibility of coastal
vulnerabilities and need for information about potential future conditions for planning pur-
poses created a strong demand. For risk framing purposes, uncertainty bounds were selected to
provide users with high-consequence but scientifically grounded futures. The scenarios cov-
ered global mean changes to 2100 and descriptions of the factors that cause regional variations.

The third major advance was preparation of guidelines and materials to support more
widespread experimentation with participatory scenario planning. The primary purpose of
participatory scenario processes is to identify strategies and make decisions robust to a wide
range of future conditions. The idea was to encourage and support lead author teams who
expressed interest in using such techniques in workshops and stakeholder engagements
associated with preparation of their chapters.

4 Description and innovations in physical climate information

Two groups provided advice on physical climate information: (1) the SWG; and (2) a selected
group of climate model experts (CMEs). There was considerable discussion about whether to
use CMIP3 or CMIP5 model simulations. Although the CMIP5 archive represented the latest
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set of coordinated GCM simulations, the primary recommendation was to use the CMIP3
simulations, largely because it was uncertain whether a full set of the CMIP5 simulations could
be made available in a timely manner to the NCA3 chapter authors and whether any
differences between the simulations would be significant enough to alter key conclusions in
the NCA evaluation of impacts. A secondary recommendation was to allow the use of CMIP5
simulations as time and resources permitted, specifically the Representative Concentration
Pathways (RCP) 2.6 and 8.5 scenarios, as representing a wider range of outcomes than the
CMIP3 scenarios. The low emissions B1 scenario in the SRES family is most comparable to
RCP4.5, not the lowest in the RCP family. The lowest, RCP2.6, represents a more stringent
mitigation scenario than the previous low-end scenarios and provides a larger decision space
for consideration. The NCADAC considered these recommendations and decided to use
scenarios based on the CMIP3 A2 and B1 simulations as the primary ones that authors
were asked to consider, while also allowing use of CMIP5 simulations for illustrative
purposes.

The development of regional outlooks involved about 30 regional experts in addition to
climate scientists from NOAA. A common set of information was produced for all of the
regions. This information was disseminated in the form of a NOAANESDIS Technical Report
series (NOAA NESDIS TR142; Kunkel et al. 2013a, b, c, d, e, f, g; Stewart et al. 2013; Keener
et al. 2013). This series included over 700 pages of material and several hundred graphics on
historical trends and future projections. Several of the analyses and graphics documented
climate model projection uncertainty.

Many regional experts were involved as technical report authors. This enriched the
historical material and insured the inclusion of important elements. Many analytic and
graphical depictions were common across the regions, providing a level of uniformity not
available in previous assessments. The reports were subjected to an intensive anonymous
review process involving about 20 reviewers.

The projection information in TR142 utilized three sources of data—climate model data for
15 CMIP3 models and two downscaled data sets: a statistically-downscaled data set by
Hayhoe et al. (2004; 2008) and the dynamically-downscaled data set from the North American
Regional Climate Change Assessment Program (NARCCAP 2012). The dynamic
(NARCCAP) and statistical downscaled data sets provide better representation of spatial
patterns in areas of high topographic variability and, in the case of statistically downscaled
data sets, biases are lower because of the bias correction methods used in their development.
These higher resolution data sets were used to develop the projection products for derived
daily resolution impacts relevant climate variables, such as threshold exceedance number.
Because of their advantages over GCM data (better representation of spatial patterns, bias
correction), these downscaled data sets were the primary basis for developing projections of
metrics of extremes.

The projection information included presentations of both mean changes and model spread
as one indicator of model uncertainty. The interpretation and communication of model spread/
uncertainty was an area of focus for the NCA3. For temperature projections, there is a
substantial model spread (a factor of 2-3 difference among models), but the multi-model mean
warming is very large with respect to historical variations. Thus, unequivocal statements were
made about large future warming. Precipitation projections were a very different case because
future changes are small and not statistically significant for large portions of the U.S. However,
this is largely due to the geographic position of the contiguous U.S., straddling the transition
zone between projected wetter conditions at higher mid-latitudes and drier conditions in the
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subtropical belts. This context was viewed as important in communicating the small projected
changes.

About the time that TR142 was published and the public review draft of the NCA3
released, a new statistically-downscaled data set became available (Hayhoe et al. 2013). This
data set uses more sophisticated methods for daily downscaling, more suitable for extremes
analysis. In particular, the newer method downscales from daily GCM data, thus preserving
the daily sequence of weather conditions in the GCM simulation and allowing for sub-monthly
temporal patterns outside the range of historical conditions, whereas the older method pro-
duces daily resolution data by randomly sampling historical months. Although it was too late
to incorporate this newer data set into TR142, all NCA3 figures generated using the older
Hayhoe et al. (2004) data set were regenerated using this new data set.

4.1 Reflections and issues for evaluation and planning

As CMIP5 data availability increased, it became clear that a basic analysis of CMIP5 data
could be done in time for NCA3, although not in time for any impacts research that would
support the work of the regional and sectoral chapter authors. Differences arose within the
climate science author team about the emphasis on CMIP3 vs CMIP5, with some authors
contending that CMIP3 data were too dated for inclusion, despite the NCADAC decision. A
compromise was reached to include a series of graphics in the climate science sections to
compare CMIP3 and CMIP5 results.

At the center of this issue was the relatively high level of autonomy of the chapter author
teams, combined with their lack of involvement in upfront decisions about content in this
critical chapter. The overlap among the advisory groups, author teams, and NCADAC
decision-making body was relatively small. Earlier selection of author teams and their upfront
involvement in decisions could help avoid such conflicts, though there will always be
challenges associated with evolving state of knowledge during assessment processes.

There were requests from authors for historical trend and future scenario information on
variables other than temperature and precipitation (e.g., wind and solar energy). This need was
recognized from the beginning of scenarios development but the time needed for spin-up of
capacity limited the scope of analysis. Future assessments may benefit from a sustained
assessment process that maintains capabilities across assessment cycles.

Managing the involvement of a large group of regional experts in developing regional
outlooks was time-consuming. However, the quality of this group’s contributions made this
worthwhile. It ensured that regional issues of importance were not overlooked and that the
most relevant regional research and analyses were incorporated. For example, information
about Lake Champlain ice cover was added to the Northeast Technical Report (Kunkel et al.
2013a) by regional experts and also incorporated into the NCA3 (Walsh et al. 2014, Appendix 3).

5 Sea level change: a new frontier for the NCA

Evidence for global mean SLR has been increasingly documented in assessments of the
Intergovernmental Panel on Climate Change (IPCC), the National Research Council (NRC),
and a growing body of peer-reviewed scientific literature (IPCC 2001, 2007; Church and White
2011), although the IPCC reports received extensive criticism about the implications of ice melt
(e.g., Rahmstorf 2007; Van den Broeke et al. 2011). The IPCC Fifth Assessment Report also
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includes projections of global mean SLR and the National Research Council published a report
on projected SLR in California, Oregon, and Washington in 2012 (NRC 2012). State and local
governments and the US Army Corps of Engineers also are developing or have already
developed their own SLR projections for coastal planning, policy, and management from the
existing body of scientific literature (Parris et al 2012). However, prior to the third NCA, a similar
process had not been done at the national scale in an interagency context.

The NCADAC requested an assessment of the scientific literature on global SLR, primarily
to help author teams use a consistent approach to projected impacts from future global SLR. A
diverse group of experts in science, engineering, and coastal management convened to identify
the scenarios. The group was a mix of members from five different federal agencies, eight
different academic institutions, and a regional government agency. Thus, the identification of
scenarios and synthesis of scientific literature was grounded in rich and diverse experience and
expertise, including national coastal risk reduction measures, national coastal management and
flood policy, local coastal management policies and problems, and fundamental science on sea
level rise and coastal flooding.

Two dimensions of this work proved to be critical. First, for both practical and scientific
reasons, the author team consulted with the NCADAC and decided to identify global, rather
than regional, scenarios, while still providing a summary of the literature on important
processes leading to regional and local variations of sea level change. The agreed-upon goal
was scenarios to bound global conditions, within which assessment authors and regional and
local experts could conduct more context specific analyses.

Second, the authors embraced an integrated body of social and behavioral science and risk
management practice focused on decision making under uncertainty. Specifically, they exam-
ined and identified a broad range of scenarios to support preparedness for a range of future
conditions. Each scientifically-rigorous scenario was based on plausible future conditions of
the Earth system, and on input from managers regarding various coastal management contexts.

The scenarios are bounded by a high-end estimate of global sea level rise by 2100 (6.6 ft or
2 m) and a low-end estimate (8 in. or 0.2 m), with two intermediate scenarios. Scenarios were
based on multiple scientific methods: extension of historically observed trends, projections
from global climate models, semi-empirical models, and empirical calculations of hypothetical
conditions. An additional decision was made not to assign likelihoods or confidence state-
ments to individual scenarios, but to assess confidence in the full range of possible sea level
rise by the end of the century. The result was the statement:

We have very high confidence (>9 in 10 chance) that global mean sea level will rise at
least 0.2 m (8 in.) and no more than 2.0 m (6.6 ft) by 2100

While the middle of this range captured by the intermediate scenarios (1 to 4 ft) may be
considered more likely, a narrower range also would be necessarily assigned less confidence
because peer-reviewed evidence indicates higher amounts of sea level rise are possible by the
end of the century. The wide range was intended to support risk management applications. The
lowest, intermediate-low, and intermediate-high can all be logically connected to the A2 or B1
emissions scenarios.

5.1 Reflections and issues for evaluation and planning

While intended for use by NCA authors as a foundational document, report preparation
extended well into the development of the NCA draft. Input from the NCADAC and peer

Climatic Change (2016) 135:55–68

61Reprinted from the journal



reviewers improved the document to the point where federal agencies and stakeholders of the
NCA perceived utility in providing it to the public for other applications. To date, one of the
most prominent uses of the report have been support for the President’s Superstorm Sandy
Recovery Task Force and national coastal flood risk policy deliberations.

The decision to base the scenarios on multiple scientific methods complicated the justifi-
cation for each scenario, but is an important innovation. The climate modeling community
emphasizes the importance of using an ensemble approach to hedge against the bias of any one
model. It is equally important to consider different types of scientific analyses outside of
models. Where estimates from different methods or different forms of evidence converge, we
can better assess our confidence in estimates of future change.

The risk-based framing proved a useful scenario planning approach, while also addressing
NCADAC guidance regarding use of the A2 and B1 emissions scenarios. The Lowest
Scenario (0.2 m) is a linear extrapolation of the observed 20th century trend, which could
occur under a B1 or RCP2.6 emissions pathway. These pathways require very near-term
implementation of aggressive strategies to reduce greenhouse gas emissions – a point explic-
itly stated in the report. Some authors felt strongly that extrapolation of observed trends
provided a rational baseline for a low-end scenario to be compared to model projections.
However, the risk-based framing helped distinguish that the Lowest Scenario should only be
used where there is a very high tolerance of risk.

6 Land cover/use and socioeconomic scenarios

6.1 NCA3 products and approach

Land cover influences carbon sequestration, regulates water flows and quality, and affects
climate through numerous feedback mechanisms (e.g., release of greenhouse gases from land
cover changes such as sudden forest dieback or melting of permafrost). Land-based resources
support forestry and agriculture products whose production can be affected by changes in
climate. Land cover and use in the United States are influenced by numerous factors including
climate, but others as well, such as demand for forest and agricultural products, population
growth and migration, urbanization, and environmental regulations. Significant changes have
occurred over the past several decades, including urban growth, increases in forested areas, and
land area reductions for agricultural production.

Numerous government agencies use a variety of technologies for monitoring ongoing
changes in land cover, including satellite and in situ measurements. Land use patterns are
more difficult to monitor, and sources of data include those for land cover, plus statistical data
associated with planning, zoning, and other environmental and development policy processes.
The wide array of data and products became a challenge for the preparation of land cover and
use data and scenarios for NCA3, especially in the context of the NCADAC SWG’s lack of
information regarding the needs of different chapter author teams and potential end users.

The SWG did not converge on a grand design or integrated approach for land cover
information, but instead recommended two existing peer-reviewed sources. For baseline land
cover data, the National Land Cover Database (NLCD) 2006 (Fry et al. 2011) allocates land
cover into 16 different classes and has been applied consistently across all 50 states and Puerto
Rico at a spatial resolution of 30 m. For future scenarios of land cover and use, the EPA Global
Change Research Program’s Integrated Climate and Land Use Scenarios (ICLUS) Project
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provided downscaled population and land use scenarios based on global SRES scenarios,
including B1 (low) and A2 (high) emissions scenarios (see http://www.epa.gov/global-
adaptation/iclus/nca_regions.html). Their consistency with the climate scenarios and
information was one of the factors that supported their use. The scenarios present
information on housing density and impervious surface cover that are consistent with the
SRES storylines (Bierwagen et al. 2010).

6.2 Reflections and issues for evaluation and planning

Given the short timelines and lack of consensus on how to produce land cover/use and
socioeconomic scenarios, it was fortunate that the existing NLCD and ICLUS products met
the minimum NCADAC requirements. But the information provided was most likely less than
adequate given the diverse needs across the wide range of ecological and socioeconomic topics
covered in the NCA. For example, socioeconomic vulnerabilities to climate change depend in
large part on where people are and where they are migrating (demography), what their
livelihoods are (economic patterns and changes), how they regulate business and govern daily
activities (institutions), what cultural and social patterns influence behavior, and what adapta-
tion options are available (e.g., technologies, management systems, and social networks).
Unlike the climate and sea level scenarios, none of the agencies responsible for more
operational activities, such as the US Census Bureau and the Bureau of Economic Analysis,
were in a position to follow up on their initial interest in supporting the activity. Thus it fell to a
small subset of the SWG, with support from the NCA office, to implement the strategy using
existing products.

It is unclear how the land cover/use and socioeconomic scenarios were used, if at all.
Contributing factors likely included diversity of needs, less familiarity with application of
these scenarios, lack of support, and time pressure on author teams. These speculations
notwithstanding, development of a better strategy to support the sustained assessment and
preparation of future assessment reports will require evaluation of the use of this information in
NCA3 and an analysis of the opportunity cost of providing this kind of information.

7 Participatory scenario planning: exploring integration of climate science
and applications

7.1 NCA3’s pilot approach

The SWG, responding to increased experience with participatory approaches that mix experts
and end users in assessment and decision support processes (NRC 2009; Salter et al. 2010),
decided to test opportunities for participatory scenario planning as a component of the NCA3
scenario strategy. The approaches use climate and socioeconomic scenarios to anticipate
potential local-scale conditions and impacts, and to explore adaptation (and/or mitigation)
options that could address potential impacts and withstand the range of potential future
conditions.

A SWG subgroup prepared a short guidance document describing the Bscenario planning
opportunity for regions and sectors^ (Hartmann et al. 2012). The strategy requested that those
participating in the NCA, including authors and members of the public who were providing
inputs to the process or participating as end users, to: 1) inventory and report on scenario

Climatic Change (2016) 135:55–68

63Reprinted from the journal

http://www.epa.gov/global-adaptation/iclus/nca_regions.html
http://www.epa.gov/global-adaptation/iclus/nca_regions.html


planning activities, including identifying and describing groups using scenario planning; 2)
incorporate results of ongoing scenario planning activities into chapters; and 3) undertake a
pilot scenario planning activity by working with stakeholders and using a scenario method to
conduct the adaptation planning. The guidance document for pilot scenario planning activities
encouraged stakeholders to explore adaptation options that address potential risks to natural
resources, the economy, or their quality of life. It also asked the participants to use projections
of potential impacts for their location or sector associated with the B1 and A2 scenarios,
drawing on input from the expert science and assessment community. Given these impacts, the
next step was to develop narrative scenarios (and if possible, associated quantitative informa-
tion) on adaptation to these impacts, including specifying needed technologies, financing,
institutional developments, and other factors affecting their use. The adaptation scenarios were
then to be used as the basis for discussion about the opportunities for implementation, risks,
and likely courses of action.

7.2 Reflections and issues for evaluation and planning

None of the chapter author teams took up the specific planning scenario suggestions, though
the Southwest Regional Climate Assessment Team did document capacity building activities,
including scenario planning activities. Unfortunately there were no resources available for
widespread dissemination of the scenario planning guidance, or for providing facilitation for
those groups that lacked prior experience with participatory scenario techniques. In the rush to
complete the report in a timely manner, Bthe art of the possible^ became the rallying cry for the
Assessment team, and this particular request did not seem possible in light of imminent
deadlines to produce the NCA3 report. This is another issue that will require evaluation,
planning, and adequate resources for future assessments.

8 Conclusions and future recommendations

Ambitious plans for scenarios resulted in many innovations. We offer several final reflections,
evaluation needs, and opportunities that should be considered as part of the sustained
assessment process and for future assessment reports.

1. Start earlier: Despite best efforts, the scenario materials developed for NCA3 were
delivered to authors piecemeal and late. This made it difficult for them to incorporate in
their work. Even in the context of a sustained assessment process, there will be an ongoing
challenge because the cycle of production of new climate model simulations and impacts
literature based on these simulations does not align with scenario needs for the NCA report
requirements. For example, the CMIP activities are typically conducted on the approximate
6-year cycle of the IPCC, which is not synchronized with the NCA 4-year cycle. The
decision to use CMIP3 produced controversy since CMIP5was being produced at the same
time as the NCA3, and several participants felt the old data were built on old scenarios and
models and hence not representative of the state of science. Others argued the differences
across CMIP cycles were not significant enough to be an issue for use in impact assess-
ment. Paradoxically, the earlier the start, the greater the potential there is tomake this aspect
of the challenge more problematic for the cyclical assessment process. Given the need for
quality control and vetting with users, work on a new cycle would need to begin before the
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end of an ongoing assessment cycle if results were to be available in time. The analytical
capabilities that would be available in a sustained assessment process would not
(obviously) address the fundamental structural issues of timing, but they would facilitate
much quicker incorporation of new information and data sets.

2. Provide training, not just guidance: A recommendation from evaluations of past NCAs
(e.g., Morgan et al. 2005) was to provide guidance and training for assessors. For NCA3,
detailed guidance documents were prepared for author teams, and webinars were held to
provide training on various topics, including scenarios. Aweb page of scenario resources
was also prepared (http://scenarios.globalchange.gov). However, based on anecdotal
evidence, the guidance documents did not prove sufficient for most users. A particular
issue was that they did not address relationships across topics, for example the need for an
integrated approach to risk, uncertainty, and scenarios (see Moss, this issue). Additional
training opportunities should be provided for both intermediate and end users. For
intermediate users, this should include methodologically-oriented knowledge-sharing
workshops and mentoring or coaching to illustrate the proper uses and limits of different
approaches, including increasing emphasis on the use of socioeconomic scenarios, sce-
nario planning, and risk framing approaches.

3. Develop new, flexible approaches for nesting information within multiple scales and
sectors: NCA3 again reverted to fixed, regional boundaries to inform regional chapters
rather than to be truly useful for decisions at multiple scales. Although difficult, it should
be possible to enable users to define the geographic scope, as already exists in several
climate change portals. Focusing exclusively on the large and heterogeneous NCA regions
missed opportunities for assessing different spatial and institution scales and for address-
ing sectoral needs. If the Assessment can consistently Bnest^ information within various
national, regional and local scales, the exact boundaries of the regions become much less
important (See NRC 2007, Evaluation of Global Change Assessments, which recom-
mends a Bnested^ approach). A coordinated effort to truly integrate (not just link to)
existing agency portals with current NCA resources may be more cost-effective than
building a system from scratch, but it is not trivial. Such a system would further scenarios
development that can be adopted and tailored at finer scales with contextual details that
illuminate key issues, systems dynamics, and tradeoffs for interested communities.

4. Provide ongoing engagement and advice from both the scientific and end user commu-
nities in scenario development: Schedules and requirements within agencies supporting
the NCA, as well as for lead authors and others likely to be involved in preparing future
reports, require that preparations for the next assessment begin as soon as the last one is
complete. It is essential to engage the communities involved in the sustained assessment
and specific reports to ensure that past efforts are evaluated, needs are clearly specified,
and the potential for innovations explored. Federal agencies should assemble an informal
community of scenario practice or a more formal advisory body to serve as a sounding
board and to develop recommendations on how to best provide scenarios and other
information.

5. Ensure consistency of scenarios: A further challenge is capacity for combining domain-
specific scenarios (e.g., climate change, sea level rise, population/demographics, land use
and land cover change, technology evolution, etc.) into integrated scenarios that are
consistent and plausible across domains. An interagency group (Scenarios and Interpretive
Science Coordinating Group) within the USGCRP has undertaken efforts to improve
scenarios with intentions to: 1) advance collaborative science on critical gaps; 2) enhance
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methodologies for use-inspired scenario development, risk framing, and contextual inter-
pretation; 3) develop the next generation scenario work products for model intercompar-
isons, assessments, and analyses; and 4) improve interagency communications,
coordination, and accessibility to knowledge, work products, and technical resources.

The innovations in scenario information for the NCA3 were intended to provide the
foundation for a rich and cutting-edge assessment. Not all expectations could be met, however,
and the process highlighted other needs to be addressed in the future. A sustained assessment
process that evaluates past experience and addresses areas of unmet need will improve
scenarios for future assessments and other applications.
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Abstract The third National Climate Assessment (NCA3) included goals for becoming a
more timely, inclusive, rigorous, and sustained process, and for serving a wider variety of
decision makers. In order to accomplish these goals, it was necessary to deliberately design an
information management strategy that could serve multiple stakeholders and manage different
types of information - from highly mature government-supported climate science data, to
isolated practitioner-generated case study information - and to do so in ways that are consistent
and appropriate for a highly influential assessment. Meeting the information management
challenge for NCA3 meant balancing relevance and authority, complexity and accessibility,
inclusivity and rigor. Increasing traceability of data behind figures and graphics, designing a
public-facing website, managing hundreds of technical inputs to the NCA, and producing
guidance for over 300 participants on meeting the Information Quality Act were all aspects of
a deliberate, multi-faceted, and strategic information management approach that nonetheless
attempted to be practical and usable for a variety of participants and stakeholders.

1 Introduction

The quality, objectivity and credibility of climate assessment reports are pillars of trust for the
development of large-scale policy. The International Panel on Climate Change (IPCC) as well
as the first two US National Climate Assessments (NCAs) had significant impact on national
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and international policy-related discussions. These assessments have provided critical ‘state of
the science’ summaries, and the major conclusions of these reports have been well-vetted
during the assessment process in addition to resting on peer-reviewed academic literature. The
information base for these assessments necessarily emphasizes mature datasets and high
confidence information. It is a time-consuming, expert-dependent approach and results in an
exceptionally rigorous suite of information.

This paper focuses on the development of an information system for the Third NCA
(NCA3) in the context of a broader information system for the US Global Change Research
Program (USGCRP). One of the key conclusions of the effort is that success lies not only in
the quality of the data and analysis itself, but in a human-centered (not just technical) approach
to information management, access, communication, and technical support.

1.1 Background

The first two NCA processes as well as most IPCC assessments can be termed ‘summative’
assessments, aiming to summarize our current collective understanding by examining both the
breadth and depth of existing scientific analysis to take a Bsnapshot^ of what is known at a
particular point in time. This ‘state of the science’ is rigorous and designed to support policy
decisions and identify gaps in scientific understanding that can inform research agendas and
funding priorities.

Developing a rigorous understanding of what we know is involved and time-consuming.
One explicit goal of the NCA3 was to improve the ability of the USGCRP (the interagency
program responsible for developing the NCA) to meet the legal requirement to produce a U.S.
climate assessment every four years.1 Meeting this deadline has proved difficult given the
enormous effort involved and in order to facilitate timely NCA reporting, a sustained assess-
ment process was developed as part of the NCA3 process (see Buizer et al. 2015). A more
rigorous, accessible and well-managed information management approach was needed to
support this ongoing effort. In addition to enhancing the efficiency and documentation of
the assessment process, this system needed to support the deliberations of the authors as they
developed drafts, provide traceability and verification of information sources, and build
infrastructure to facilitate current and future assessments.

Additionally, the NCA3 process was designed to serve a wider array of stakeholders.With this
in mind, a complementary approach to summative assessment, is a ‘formative’ style of assess-
ment that allows a more integrated and iterative cycle of information development - from input to
usability. Following a distinction used in educational assessment language (e.g. GWAEA2010), a
formative assessment approach allows continual feedback and adjustment, in conjunction with
the student, to improve learning outcomes. When applied to scientific assessment, this approach
involves stakeholders in the information development process (not just the end-use of informa-
tion), includes a wider variety of information sources, and an accessible and non-expert interface
for contribution and retrieval of the information. While the NCA itself was not designed to
provide high-resolution information tailored to all decision-makers, by designing a more inclu-
sive and iterative assessment process, the types of questions being asked, and therefore the types
of information brought into the assessment, can be more informative to a wider array of
stakeholders. Additionally, the information system used to support such a process, should then

1 Legal reference: Global Change Research Act of 1990, 15 U.S.C. §§ 2921–2961: http://www.gpo.gov/fdsys/
pkg/USCODE-2011-title15/html/USCODE-2011-title15-chap56A.htm
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link from a national assessment process to datasets of increasing resolution housed in the agencies
and beyond, including in other portals such as the Climate Data Initiative and climate.data.gov.

Therefore the NCA3 had to resolve a tension between serving the information needs of a
rigorous and authoritative process designed for policymakers and scientists (and a legal
obligation for the NCA to meet the highest tier of the Information Quality Act [IQA]), and
providing information that is more timely and relevant for decision makers. The NCA3
approach required a broad re-thinking of the way that information was managed both within
the assessment process and Bbehind^ it – a more accessible way to connect to the data that
supported the conclusions. NCA3 coordination staff and agency program managers therefore
designed several innovative solutions, including the development of a Global Change
Information System, a foundation for data management and access.

2 New information management approaches: motivation and framing

2.1 Broad motivation for a federal climate information system

Over the past two decades there has been much discussion about creating a U.S. National
Climate Service (NCS). An NCS has never emerged as a formal enterprise,2 however, these
discussions, along with emerging requests from stakeholders, have produced clear calls for
access to climate related data and tools through organized federal efforts.

For example, congressional testimony of Deputy Oceanographer of the Navy Robert
Winokur, on June 22nd, 2011 indicated:

BThe Navy desires access to readily available, reliable and consistent data and infor-
mation in an easily available and preferably consolidated location to move away from
the current disparate method of locating and obtaining climate information…^

And at the National Climate Adaptation Summit, Dr. John Holdren, Director of the White
House Office of Science and Technology Policy, issued Bseven priorities for near-term action^
in 2010, including:

BCreating a federal climate information portal. This would provide single-point access
to data from all relevant federal agencies and programs and would evolve over time into
a more ‘national’ portal with information about relevant non-federal efforts.^

Similarly, a recent analysis of stakeholder groups across three western states included a
conclusion that BWhile sometimes conceptualized in different ways, a centralized location or source
to obtain climate-related information was a prominent need…^ (Dilling and Berggren 2014).

The problem being articulated above is not a lack of information, but rather a lack of
accessible and ‘organized’ or curated information. For example, a coastal manager looking for
information on sea level rise and associated impacts may find relevant information in as many
as five or more agencies, all of whom have scientifically accurate information that is analyzed
and presented differently (using different base periods, data sources, scales, analytical tech-
niques etc), and not necessarily available in formats that are translatable for non-expert users.

2 In lieu of a consolidated NCS, regional climate services have increased extensively in several USGCRP
agencies
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In response, and in the context of the development of the NCA3 and its associated data
management needs, the USGCRP began to examine the possibilities for meeting the needs of
stakeholders and scientists alike who wanted better access to data that was organized and usable.

2.2 NCA as catalyst and pilot

In 2010, stakeholder ‘listening sessions’ were held (USGCRP 2010a, b) that were designed to
contribute to a new strategy for climate assessments. These sessions included a variety of what
were considered ‘non-traditional’ assessment stakeholders (e.g. city sustainability leads, water
managers, tribal representatives, private sector attendees) as well as many scientists and federal
managers who would ultimately be engaged in supporting the NCA. During these initial
workshops, there was considerable focus on how to incorporate non-federal and non-academic
data and information into the assessment (e.g. tribal assessments, adaptation data from cities,
specific case studies). An unequivocal workshop conclusion was that stakeholders must be part
of the process and that there must be a solution that facilitates use of non-academic data and
information while still meeting the IQA.

Other listening sessions throughout 2010 echoed similar themes and a specific ‘knowledge
management’ (KM) workshop was held in September 2010 to address the potential solutions
to these challenges (USGCRP 2010c). The workshop covered a wide range of topics and
included participants from government, NGOs, private sector, and academia – both data
experts and expected users. This workshop and its subsequent report were foundational in
setting the strategy for information management in the NCA3. The report covered information
needs and solutions ranging from how to manage the process of public comment, to consid-
erations of web deployment of the NCA3, to peer review and data archiving. Without this
workshop, the NCA3 would have been less well informed, but also its principal actors would
have had much more difficulty in effectively communicating the needs to government leads;
importantly, the workshop offered a ‘line of sight’ from the proposed NCA information
management strategies to the community input that informed them.

Of note in this KM workshop was a request that the NCA3 ‘not forget about the authors’ in
the process of managing information. The contention was that we should not only focus on the
needs of the intended users, but also think about how to make the process and the information
flow easier for the authors and contributors. This influenced NCA3 priorities on several fronts.
For example, this request resulted in the design of a digital author workspace for each chapter
team. A balance between employing ‘new’ collaborative technology and ensuring that it was
straightforward to use for all authors (including those unfamiliar with online collaboration)
proved absolutely essential and a key to its success. This online author space also served as an
integral part of the end-to-end information flow that improved the capturing and tracking of
sources and provenance of information and the progress of each team.

Overall, multiple elements of an end-to-end information system were considered and
alternatives discussed within the staff, federal agencies, an interagency working group, and
NCA advisory committee. Most of the development work was done within the NCATechnical
Support Unit at NOAA’s National Climatic Data Center. The final elements of the information
system included: 1) a portal with data quality and documentation guidance for external
contributors, 2) more dynamic access to scenarios of climate and sea level, 3) an author
collaboration platform, tracking evolving images and data, 4) a site for managing public
comments and author responses, and 5) the NCA3 report itself as an electronic publication,
including clickable access to data behind the report.
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There were many lessons learned in the process and not all elements were equally successful
in execution. However, systematically linking each piece of the information management
challenge together and striving to make significant improvements in each piece was a valuable
and generally successful effort requiring much new problem solving and innovative solutions.

Given the clear needs and goals of the NCA3, the breadth of data and information that would
be incorporated, and the emerging plans for meeting those needs, the USGCRP decided to take
advantage of the NCA3 to begin an effort to meet the broader information access challenges
articulated in section 2.1. NCA3 became a pilot effort in the development of the Global Change
Information System (GCIS), which would use lessons learned in the NCA3 process to build an
interagency federal climate informationmanagement system. The NCAwas ideal for this purpose
especially given that it involved a subset of federal climate data, but broad-based enough that it
would test out many components of the challenge. Initially, the GCIS was described broadly,
encompassing all the components of the end-to-end system as outlined above. Over time, the
GCIS came to mean a subset of the full information approach (specifically, the hidden ‘back end’
of the technical system dealing with traceability and the management of metadata). Lessons
learned regarding the definition and communication of the GCIS can be found in section 4.3.

It should be noted that while the GCIS was a new effort and was focused initially on
meeting emerging needs, especially associated with the NCA, it nonetheless built off a
requirement in the GCRA to periodically recommend guidance for the integrated and acces-
sible management of global change data (section §2934 (d)), and to provide integrated research
information to international parties (through a Global Change Research Information Office;
section §2953). Over the last two decades, there have been a variety of efforts to coordinate
data across the USGCRP agencies in response to these requirements, but for a large number of
reasons, it has been a continuing challenge. By focusing on the NCA in its initial phase, the
GCIS sought to overcome some of the overwhelming scale issues and develop a sustainable
system that could be flexibly built out over time. However, much important experience
preceded and informed the GCIS.

In addition, in March of 2014, the Climate Data Initiative (CDI) was launched by the Obama
Administration to provide a clearinghouse of climate decision-relevant data, especially to spur
private sector innovation around developing climate-related resources from those data. It was
followed by the Climate Resilience Toolkit (CRT) launch in November 2014 to provide access to
data-driven tools, information and subject-matter expertise around resilience objectives. The CDI,
CRT, andNCA are three complementary flagship products providing climate-related information,
data and tools. The GCIS, building on the prototype established to support the NCA is being used
to integrate and link across those products and later, additional federal data and information.

3 Elements of the NCA-focused information system

3.1 Objectivity, integrity, and utility - the IQA

The Information Quality Act (IQA) (also known as the Data Quality Act) was adopted in 2001
as part of an appropriations bill. It directed the White House Office of Management and
Budget (OMB) to guide federal agencies in ensuring that federal data and information is of
maximum quality, objectivity, utility and integrity (OMB 2001, 2002; NOAA 2014).
According to the criteria for applying the IQA, the NCA falls into a ‘highly influential’
category and must meet the most stringent IQA requirements.
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Meeting IQA guidelines drove much of the conversation around how to guide authors,
document processes, and evaluate appropriate use of the data, including non-traditional
sources of data and information. The IQA also spurred guidance to authors – most of whom
were not federal and not familiar with the IQA – on how to evaluate information on the basis
of the four outcomes (quality, objectivity, utility, integrity [USGCRP, 2011]). This was
particularly important as they considered information that did not have ‘built-in’ indicators
of quality such as having passed through academic journal peer review.

As soon as the NCA Development and Advisory Committee (NCADAC; the federal
advisory committee) was established in February 2011, several ad hoc Working Groups were
formed to make some immediate recommendations for NCA processes. For example, Working
Group 4 (WG4) was formed to examine Bweb deployment, peer review, and data
management.^ This was a critical initial working group - (previous federal advisory commit-
tees had not so explicitly addressed these issues) – and ensured that the NCADAC itself was an
integral part of information management solutions. Initial recommendations from WG4 were
informed, in part, by the listening session workshop reports and internal USGCRP discussions,
and were submitted to the NCADAC and NCA staff in May 2011.

Forming WG4 was a critical step in the process of identifying priorities for NCA informa-
tion management that cut across NCA staff, federal agencies, and the federal advisory
committee. As a result of WG4’s recommendations, a more formal working group of the
NCADAC was established in May, 2011 (WG6) for the purposes of evaluating and providing
guidance on peer review, information standards and access.

There were several important outputs from WG6 including a Frequently Asked Questions
document (FAQs)3 to help external contributors to the NCA determine how they can best ensure
their input would be acceptable for use. Additionally, WG6 examined the likely types of data and
information that might be received as part of the external submissions and provided a decision
tool that the authors could use in the determination of how to use the input appropriately. (See Fig
1). For example, the tool helped determine when specific information could be used as supporting
evidence for a key finding versus when it would more appropriately be used only as as an
additional illustration of a point, but not as a primary source and not to support a key finding.

These tools and approaches gave the authors the ability to use a wider variety of inputs to
the NCAwithout having to make potentially inconsistent judgment calls as to their value and
quality, while still meeting the requirements of the IQA.

3.2 Managing external contributions and comments

As has been mentioned, a process to facilitate a greater degree of practitioner and non-
academic information was called for in NCA3. After deliberation within the NCADAC, the
USGCRP, and NCA staff, one approach to expanding access to this information for the NCA
was a public ‘Request for Information’ (RFI), issued through a Federal Register Notice (FRN),
and further publicized by participants and by the NCAwebsite. This FRN solicited ‘technical
input’ and provided timelines, guidelines (including webinars for those who intended to
contribute), and contact information to facilitate follow-up.

This process generated over 200 individual contributions from NGOs, academic groups,
federal agencies and others (over 500 documents total). Some of the inputs were extremely
comprehensive and analytical involving dozens of team members, and others were brief

3 http://www.globalchange.gov/sites/globalchange/files/nca-info-quality-assurance-faq.pdf
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Fig. 1 Decision Tree that was produced by WG6 to guide authors in using external data and information
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workshop reports, data sets, or case studies. Because there were processes and tools to ensure
appropriate use, many of these inputs were used to support the regional and sectoral content in
the NCA3.

There were three major information management challenges associated with the technical
input: the physical management of ingesting technical input in many different formats and
organizing it in a way that was accessible for authors; gathering metadata about the technical
input itself (contact person, title, copyright, etc.) without overburdening contributors; and
ensuring traceability of images, statements, data etc. embedded in these technical inputs that
were then used in the NCA3. The GCIS Interagency Working Group, (particularly a sub-group
on data policy), was central for helping to determine different pathways for collecting and
managing data for use in the NCA and to meet multi-agency requirements for stewarding data.

After examining multiple existing systems for managing public and technical input, it was
determined that none quite met the criteria for simplicity of use, public accessibility, and
organization of inputs for subsequent evaluation by the authors. Therefore a unique system
was designed to facilitate the technical input management that was then linked to the authors’
collaborative portal. For example, a simple web form allowed non-expert contributors to
upload their input in a variety of common formats (MS Word, Excel, PDF, JPEG etc), and
to provide required metadata elements about their submission. This very simple metadata
collection allowed the (mostly) automatic organization of submissions so that submissions
were tagged according to which section(s) of the draft NCA3 report outline they might be most
relevant. This helped the authors manage the large quantity of information they had to review.

An additional requirement of the IQA for Highly Influential assessments is public review
and comment. The NCA3 was available for public review for three months, and the informa-
tion management challenges associated with this element were multiple: a) facilitate the easy
download of a large draft report for the public and the upload and organization of comments,
b) ensure accessibility for all members of the public while also providing digital security, c)
require identifying information about the commenter so that comments could be released
publicly with full transparency at the end of the process while initially providing anonymity to
ensure absolute lack of bias (and perception of bias) as authors addressed comments, d) help
author teams to respond only to the comments intended for their chapter and expertise, and e)
ultimately make comments and responses public.

The NCA3 received over 4000 separate comments on the draft and every comment was
addressed by the authors. The public comment process occurred with very few hiccups or
flaws and a critical aspect was prior awareness of the likely spectrum of users, keeping the
process as simple as possible while still functioning properly. It was also critical to have a
dedicated and responsive team so that changes could be implemented in real time as challenges
in the design and deployment arose.

3.3 NCA3 content and metadata

In an effort to better enable certification of IQA compliance, to continue to improve the
authoritative nature of the NCA, and to better serve decision-makers, a significant effort was
made in NCA3 to provide greater traceability to underlying data. This was possibly one of the
most difficult challenges in the NCA3 information management process, in part due to the
volume of datasets used, and in part because of their variety and sources. For example, as
shown in Fig 2, it is sometimes the case that, even in just one figure, there can be multiple
datasets, analyses, scales, and contributors.
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Providing traceability from key conclusions to the data that supports those conclusions
requires adequate metadata (data about the data). Challenges in building an information system
that accommodated this requirement included: (a) the actual development of the metadata (data
sources, analysis methods, etc), and involvement of the report authors in providing and
reviewing it, (b) documentation demonstrating that the metadata met federal requirements,
and (c) development of tools to communicate the metadata to the readers of the report.

The task of managing the metadata included the efforts of a dozen personnel and took over
two years from start to finish. It was necessary to translate the metadata into clear and correct
documentation, which meant that the information had to be verified. The IQA guidelines
require the ISO 19115 metadata documentation standard (NOAA National Coastal Data
Development Center 2014). The metadata collection inputs included an effort to answer the
Bwho^, Bwhat^, Bwhen^, Bwhere^, and Bwhy^ of the NCA3 figures and datasets, and in a
manner that also demonstrated transparency and reproducibility.

Initially, basic definitions for metadata inputs, such as Bgraphic^, Bfigure^, and Bimage^,
were assigned, and a metadata repository was built within which to store the collected
metadata and in the correct format. Using a web-based survey, first tier information about
the data was collected (e.g., Bwhere did the data come from?^), by documenting whether a
figure, image(s) were original for the report or cited from existing sources and then the specific
figure, image and data source information (e.g., named individuals, URLs, publications, etc).
In the same web-based survey, other information was collected such as dataset accessibility,

Fig. 2 From Fig. 2.7 in the NCA: ‘Observed U.S. Temperature Change’, this single figure has 11 images, 2
datasets used in multiple combinations across the 11 images, and nearly 300 metadata field inputs documenting
this graphic
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dataset version identifiers, named analysis and visualization software and version identifiers,
specific analysis and visualization methods, and intermediate products.

Storing and communicating the metadata occurred within the GCIS system (Tilmes et al.
2013, Ma et al. 2014), which was linked to the NCA3 web site and associated custom-built
metadata viewer. The addition of these tools completed an end-to-end metadata collection
process: originating with the web-based survey completed by an authoritative contributor,
completed surveys were then extracted and ingested into the GCIS, while undergoing simulta-
neous and continuous quality assurance checks. Once met, the GCIS was used to populate the
NCA3 website, where metadata is accessible through the metadata viewer (Fig 3).

There is natural resistance to providing this level of metadata since participants were not
used to meeting such stringent requirements and did not always see the necessity. Not only are
technical and timing improvements needed to make this a smoother process moving forward,
but a communications challenge must be met in order for the authors to feel as though this is a
valued aspect of the process (see lessons learned in section 4.3).

3.4 The external face of the NCA3

The NCA3 was the first major government report of its kind to be released primarily as a
digital report and resource. The ongoing tension between serving policy and science audi-
ences, and serving the public and decision-makers was strongly felt in this dissemination
phase. For example, for some, the structure of the report (via the table of contents) historically
has been the expected way of accessing the information. In contrast, experience shows that the
majority of web-based readers prefer to jump to information by topics that most interest them,
and access information in smaller Bchunks.^ In developing the interactive web-deployment for
the NCA3, the reader is presented with an interconnected array of information; by clicking on
links you can either go deeper into a subset of information (for example to download the data
or metadata behind a figure) or away to other related but higher level information. The design
in this case created a layered and more dynamic approach to finding and accessing the
information while still giving readers the option of downloading a pdf.

Fig. 3 A sample of the collected metadata for the NCA3 Fig. 2.7, via the NCA3 website metadata viewer. This
view is in the Bmethods^ tab of the viewer, where details of data analysis and visualization are provided.
(Figure Source: CICS-NC)
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Additionally, because the NCA3 information system was built on the premise of an ongoing
or Bsustained^ assessment effort (see Buizer et al. 2015), it is assumed that information will be
added to the site before the next periodic synthesis report is developed. Therefore the design
has to accommodate the evolution of the information beyond the static format typically found
in a downloadable report (developing interactive indicators for example) but also protect the
highly vetted NCA3 contents from any subsequent, less-vetted data created for other purposes.

The design of the NCA site (nca2014.globalchange.gov) attempted to balance these
priorities and allows users to organize the material by key findings (highest level summary),
by region, by sector, by response options, and by a summary level of all sections, or a deeper
discussion of the content (the full content of the report). It also allows word searches across the
report, and uses the latest design principles to display the information. The highly aesthetic
format of the website has been very well received, with positive comments received from a
wide range of individuals – from authors, educators, Congressmen, and members of the public
to the Chief of Staff in the White House. Readers can jump from highlights to deeper
information at any point while browsing the information, and there is seamless connection
to the metadata viewer for the rich information behind the figures and graphics.

4 Beyond NCA3: summary of lessons learned from the GCIS

As with any significant emerging project or effort, the specific pathway for design and
outcomes are not well known at the outset and designing an information system with such
high visibility required a leap of faith. The previous approaches to development and deploy-
ment of NCA reports had the advantage of being well described, conceptually clear, and
technically proven. Building a new approach to information management increases uncertain-
ty, leading to anxiety among government officials and participants, even though there was
strong support for a more innovative, useful, and cost-effective product.

Multiple lessons that are informing the ongoing assessment process resulted from the
challenges described above.

4.1 Risk and reward

Many concerns regarding the quality of NCA information sources, the integrity and security of
the information systems, and the volume of data and information, stemmed from the NCA3
commitment to an open and inclusive process. As with all inclusive processes, there is risk.
Facilitating external contributions was viewed as necessary not only to improve the quality of the
assessment, but also to enhance its utility for decision-makers (see Jacobs andBuizer 2015). But it
also could have opened the process to an array of negative consequences, including Bhacking^
from external parties or inadvertent inclusion of information that did not meet IQA standards,
among other concerns. Therefore, some of the preparation and implementation for the NCA3
information management system included significant attention to ensuring that the system itself
was robust, and that the contributions relied on were of high quality. In reality, the NCA3 process
received very little information that was deemed unusable (though not all of it was ultimately
used) and there was no evidence of anyone engaging with harmful intent. However, preparation
for this possibility was essential to the process (and will be for future assessments). Managing the
risks of an open process requires pro-active caution and attention and innovative management
from staff and technicians as the systems are assembled. It also requires clear and frequent
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communication to decision makers in the federal process so that the concerns about and
perception of risk did not exceed actual vulnerability (see also section 4.3 below regarding
lessons around communication). In reality this can include much more time and energy interper-
sonally than it does technologically, and budgeting for this aspect of the effort is essential.

4.2 Guidance and training

One of the main lessons from the NCA information management process was that where
guidance and training was provided to authors and contributors early and clearly, the process
was much more streamlined and ultimately more successful. For example, while guidance for
technical input contributors was as comprehensive as it could be at the time, there is still room
for improvement in many areas, including in better defining requirements for metadata
documentation associated with technical input. There were many other areas where guidance
existed but was provided too late to be widely used by contributors, as in the instructions on
how to use climate and sea level scenarios (see Kunkel et al. 2015). In still other instances, for
example, guidance related to documenting levels of certainty (see Moss 2015) the guidance
changed over time (in response to feedback), which authors found confusing.

With the scenarios guidance, timing was the primary issue – the scenarios were not
available at the time that the request for technical input was released and so technical input
contributors did not have the benefit of consistent future scenarios in their submissions. This
also became problematic for integrating information from multiple technical input sources. In
terms of the metadata associated with technical input, lessons learned through the process
allowed us to better understand how, and importantly when, to ask for metadata in future
iterations. For example, it is challenging to know early in the process which graphics will be
used as support for major conclusions. However, the identification of key graphics (and
datasets) and the process of requiring appropriate metadata requires further discussion prior
to initiating metadata collection for the next synthesis report.

Unfortunately, most of the metadata for the NCA3 was requested after the report content
was mostly assembled. This was at the height of last minute revisions and reviews and the all-
volunteer army of authors did not always have the capacity at that time to chase down details
of figures and datasets. Two improvements have already been suggested in this regard. The
revised process separates the collection of the required metadata information into two tiers.
Tier 1 information collects graphic source information (e.g., BWho is responsible for this
graphic, and where did it come from?^) and is a required first step of report production. Tier 2
information collects reproducibility-level inputs on dataset(s), tools, and analysis methods; this
tier is required if there is data and/or analysis included in the visualized results. Metadata
collected in the Tier 1 and Tier 2 surveys will be required before a report can proceed to
government review. This revised process is already being applied to a special report on climate
change and human health that is under development. And to assist in the execution of this new
approach, communication is key, especially to those participants who are not familiar with
federal data requirements. As part of the revised metadata process, the staff is emphasizing
early and often the importance of metadata as not only a Federal requirement, but a Bbest-
practice^ throughout the community of climate data production and use.

Where relatively comprehensive guidance was produced (e.g. the IQA source information
decision tree), these help clarify processes, risks or questions, and actions. Though these tools took
us a long way down a path of facilitating the use of new data and the participation of new
stakeholders and still ensuring a robust and rigorous process, it is not clear that many authors
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internalized this guidance in the array of other guidance that they received. A possible next stepwith
the source information decision tree may be to make it a more interactive digital evaluation tool.
This may make the evaluation process of new kinds of information a little smoother and quicker.

Nonetheless, an important outcome of engaging in discussions of using ‘new’ sources of
useful information, and particularly the level of detail with which this discussion was
approached, has likely resulted in increased acceptability of using non-government, or non-
academic data and information where appropriate. This is a marked shift from previous
assessments. The NCADAC working groups played an enormous role in ensuring that this
discussion was incorporated routinely into deliberations and approached systematically. The
conclusions and guidance that were then generated ‘internally’ to the NCADAC became more
acceptable and influential as a result.

4.3 Communication and scale

Delivering the NCA3 electronically was a major decision for the NCADAC and for the federal
agencies, and it is likely to have lasting repercussions. This decision was made at the highest
policy levels, following the broad expansion of information technology options and a commit-
ment of the Obama administration to innovation in this area. Still, the volume ofmaterial involved
and the challenges discussed in this paper made this a daunting effort. In the end, this would not
have been accomplished without the support of external contractors in addition to extremely
dedicated staff in both the USGCRP coordination office and the NOAATechnical Support Unit.

A key to successfully moving into electronic delivery was constant communication and clear
articulation of benefits and risk. There remained a high demand for detailed information regarding
the specifics of the NCA3 delivery throughout its development and although it was a time-
consuming process to keep multiple groups apprised of possibilities, options, or decisions regard-
ing information deployment, it was an essential element, particularly as there was no precedent.

However, the success in linking the online delivery of the NCA3 and the data and information
support system behind it has not yet been fully realized (though is continually improving). There
was some concern about the GCIS for a variety of reasons, resulting in two important lessons:

1) The GCIS initially was described to encompass a full system – from ‘front end’ web
deployment of content and access, to the deep ‘back end’ servers and systems to manage
and connect all the information. This full GCIS system was difficult to describe succinctly,
and the scale was concerning to some officials whose support was critical to progress, but
whose deep understanding of the system was inevitably limited. Over time, the specific
description of the GCIS became constrained to the functions managing the traceability and
metadata – the ‘hidden’ technical component. However, while it was easier to communicate
to non-experts about the system by focusing on only one or two specific components at any
given time, the vision of a truly end-to-end approach that connects people and input all the
way through to deployment, managing multiple strands of content, metadata, graphics, and
more along the way, was still essential in developing a coherent design. This tension may
always be present to some degree, and paying more attention to smart communication may
be necessary as the program moves forward, and as it requires further decision-making.

2) The second challenge of the GCIS was that it was perceived as a ‘challenge’ to some
individual agency-managed web or data responsibilities or opportunities. Although there
was explicit communication that GCIS would not house any actual data (this would still
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happen in the agencies), and it would not seek to displace users of individual agency
websites, building credibility and investment in a shared system was difficult, especially
in an era of limited resources. More could have been done initially to bring agencies
together to build common goals and shared commitment, and this will need to be an
ongoing element of the GCIS build out, even as its value is increasingly recognized. An
interagency GCIS working group was an important part of communication across the
agencies, and further work to ensure this group can help to communicate at appropriate
levels in their agencies would be very valuable.

4.4 Capacity and ownership

While this article has not discussed staffing in any detail, the bulk of the work was accom-
plished by the NCATechnical Support Unit (TSU), and by the NCA staff at the USGCRP, with
important input from a multi-agency GCIS Interagency Working Group. These teams were
heavily interconnected and much of the early development of the NCA information manage-
ment strategy required daily interaction and strong core relationships between the teams.

It is essential for the success of USGCRP and NCA information management that there is
collective investment (financially and professionally) in the process, and the opportunity to build
long-term institutional memory and clear responsibility and accountability. While NOAA re-
quested and received specific funding for the TSU, there must be an ongoing understanding of all
of the agencies’ roles and a clear path of communication and responsibility to the NCA
coordination office and NCA Director in the future in order to build from the current foundation
to a fully functional information system and to more easily deploy future assessments.

5 Conclusion

The information management challenge for the NCA3 was significant. Not only did the process
seek to improve the ability to meet the existing imperatives for the assessment, but also intended
to serve new stakeholders and become a sustained (and sustainable) process. The electronic
delivery of this report, along with data transparency and traceability, though in retrospect among
the most dramatic successes, was also a major cause of stress throughout the process.

It was essential to success that the goals of the NCA3 included the clear intent to become a long-
term sustained process. Without this understanding and motivation, the scale of solutions would
have been smaller, less mindful of multiple ongoing circumstances and users, and less designed for
stability and re-use. The products and services for NCA3 information management were more
robust as a result of understanding them to be part of a long term process and larger scale solutions.

It was also important to consider the solutions as all being part of a coherent, linked end-to-
end system beginning with user requirements as the driver. How people need to use the system
was the critical first step and overarching consideration. The technological solution then could
focus on the balance of maximizing simplicity with credibility, cost and utility considerations.

There are important lessons learned and continuing improvements that are already being
made, including building on the successes with better training and guidance for participants,
better timed collection of data, more interactive usability for tools that were valuable, and
frequent and appropriate communication to a stakeholders and decision makers. However, an
important conclusion of this process is that a tremendous amount of progress can be made in a
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relatively short period of time if there is stakeholder input from the beginning, there is an
inclusive process for moving forward, a dedicated team of problem solvers that has support
from leadership, and a laser-focus on the three primary end users of the system: the American
public, on-the-ground managers and their elected representatives.
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Abstract During the development of the Third U.S. National Climate Assessment, an indi-
cators system was recommended as a foundational product to support a sustained assessment
process (Buizer et al. 2013). The development of this system, which we call the National
Climate Indicators System (NCIS), has been an important early product of a sustained
assessment process. In this paper, we describe the scoping and development of recommenda-
tions and prototypes for the NCIS, with the expectation that the process and lessons learned
will be useful to others developing suites of indicators. Key factors of initial success are
detailed, as well as a robust vision and decision criteria for future development; we also
provide suggestions for voluntary support of the broader scientific community, and for funding
priorities, including a research team to coordinate and prototype the indicators, system, and
process. Moving forward, sufficient coordination and scientific expertise to implement and
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maintain the NCIS, as well as creation of a structure for scientific input from the broader
community, will be crucial to its success.

1 Introduction

The Third U.S. National Climate Assessment (NCA3; NCAwhen referring to the effort more
broadly) developed new modes of conceptualizing its engagement processes and of integrating
evolving scientific insights beyond the quadrennial assessment reports (Moser et al. 2015, this
issue). Thus, over the past several years there have been calls for developing a climate
indicators systems as part of the NCA (Buizer et al. 2013; Janetos et al. 2012). A National
Research Council report (2009a) specifically suggested the U.S. Global Change Research
Program (USGCRP) should consider developing a report card or climate change indices
that could communicate complex scientific information effectively to a variety of audiences.
Such indicators were expected to have utility beyond the NCA; for example, Victor and
Kennel (2014) called for a broader range of climate indicators and the National Research
Council (2013, 2015) recommended the next strategies for national sustainability to include
explicit recognition of decision-making and adaptation and the use of metrics and indicators
to evaluate progress.

Indicators are reference tools that can be used to regularly update status, rates of change, or
trends of a phenomenon using measured data, modeled data, or an index to assess or advance
scientific understanding, to communicate, to inform decision-making, or to denote progress in
achieving management objectives. Indicators differ from data visualization tools in that they
are systematically updated and comparative to a baseline of change.

Indicators have long been used to describe status and assess progress for key phenomena
that are measureable directly or indirectly (e.g. through the use of proxies). Some economic
and health indicators have been developed and used consistently and effectively across
locations, and refined strategically over multiple decades (Cobb and Rixford 1998; Lippman
2006), but not all efforts have been successful (Innes 1990) or institutionalized (Ogburn 1933).
Drawing on those experiences, more recent efforts have called for market and non-market
valuation of environmental assets (National Research Council 1999) and the development of
national ecological indicators (National Research Council 2000) that led to The State of the
Nations Ecosystems effort developed by the Heinz Center (2008). And recently the National
Research Council initiated an effort to consider sustainability metrics (2015). Though physical
climate indicators are already presented through a range of Federal agency websites (e.g.,
https://www.climate.gov/maps-data), a unified effort that could support a sustained NCA
process did not previously exist.

In considering establishment of an indicators system during the development of the NCA3,
the USGCRP hosted three indicators workshops focused on ecological indicators (USGCRP
2010), physical indicators (USGCRP 2011b), and societal indicators (USGCRP 2011a) (Fig.
1). All the workshop outcomes supported the idea of an indicator system and noted the need
for 1) developing processes for a sustained indicators effort, 2) leveraging existing data and
indicator products, and 3) including stakeholder perspectives to assure utility for user com-
munities (Online Resource 1: Outcomes of NCAWorkshops focused on Indicators).

The workshops started a multi-year process (Fig. 1) to develop recommendations and create
a prototype of an interagency indicators system, which we call the National Climate Indicator
System (NCIS). The National Climate Assessment and Development Advisory Committee
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(NCADAC), the Federal Advisory Committee established for NCA3, empaneled an Indicators
Working Group (hereafter IWG) in 2011 (Fig. 1; USGCRP 2015), and asked them to develop
recommendations (Janetos et al. 2012; Buizer et al. 2013). The IWG included about 25
members from the NCADAC, Federal agencies, academia, and the private sector. It then
created 13 Technical Teams of producers and users of information to provide recommenda-
tions on specific topics. In addition, an Indicators Research Team, which included both funded
and volunteer scientists, coordinated the IWG and Technical Teams (see section 3.1) and
developed prototypes in support of the recommendations.

The aspirational goal for the NCIS was that the recommendations of the IWG would be
implemented, expanded, and sustained over the long-term to support the NCA and information
needs of its users. Additionally, the NCIS was envisioned to be synergistic with Federal
climate priorities, including the USGCRP strategic plan and priorities (USGCRP 2012) and
later the President’s Climate Action Plan (2013); Climate Resilience Toolkit (https://toolkit.
climate.gov/); and Executive Orders 13653 (November 2013), 13514 (October 2009), and 13642
(May 2013).

The objective of this paper is to describe the process of visioning, prototyping, and
implementing the recommendations for an NCIS and to present lessons learned. Given the
recent release of pilot indicators by the USGCRP (www.globalchange.gov/explore/indicators),
we discuss opportunities for further development of the NCIS and the research needed for
attaining the IWG’s vision. The authors of this paper do not claim to be impartial; Janetos and
Kenney co-led the NCADAC IWG, Kenney led the Indicators Research Team, and Lough
facilitated the review of NCIS recommendations in her role at the USGCRP National
Coordination Office. In this article, the term Bwe^ is used to reflect the perspective of the
authors of this paper; in all other instances we use the name of the scientific or agency group to
minimize confusion about different actors’ roles.

Fig. 1 Timeline for the creation of a National Climate Indicators System
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2 Vision and decision criteria

The IWG initially produced NCIS vision and decision criteria (USGCRP 2015), in which the
vision outlined a system of physical, natural, and societal indicators that communicate and inform
decisions about key aspects of the physical climate, climate impacts, vulnerabilities, and prepared-
ness (Fig. 2). Central to this vision was a set of indicators useful for ongoing tracking of critical
changes and impacts important to the NCA as well as indicators that could support adaptation and
mitigation decisions by a range of stakeholders. These indicators could be tracked as a part of
ongoing assessment, with adjustments made as necessary to adapt to changing conditions and
understanding (for expanded discussion see Janetos et al. (2012) and Kenney et al. (2014)).

The decision criteria operationalized IWG’s vision by describing the types and qualities of
indicators that could be considered for inclusion in the system (Online Resource 2: Recommended
Decision Criteria for the NCIS; USGCRP 2015). Key criteria include indicators that: are scien-
tifically defensible and useful, support the conceptual framework (Fig. 2), are nationally important
(not necessarily of national scale), and encompass lagging, coincident, and leading indicators.

These criteria provided robust foundations for the subsequent recommendation and devel-
opment phases. Careful evaluation and consensus about the overall objectives, purpose, and
criteria for inclusion are essential in an indicator effort to ensure that any competing and
incompatible goals are worked through before developing and choosing indicators.

3 Recommendations and development processes

Moving from the overall goals to building the system, the IWG developed a process for
making recommendations and creating prototypes that included establishing Technical Teams,

Fig. 2 Conceptualmodel recommended for theNational Climate Indicators System (adapted fromKenney et al. 2014)
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creating conceptual models, developing recommendations and research priorities, reviewing
the recommendations and selections, and selecting indicators for the NCIS pilot (Fig. 3).

3.1 Creation of technical teams and selection of experts

To develop the NCIS, the IWG created Technical Teams to provide topical recommendations,
loosely structured on the sectors and systems represented in the NCA3 chapters (see Table 1).
The 13 Technical Teams were comprised of physical, natural, and social scientists and
practitioners who had a broad understanding of the multi-stressor climate changes or impacts
on the system/sector, experience with existing sustained datasets and indicators, and an
understanding of the information needs of stakeholders. In total, the members of the 13
Technical Teams and IWG included over 200 scientists and practitioners who were
employed in the Federal agencies (nine of the 13 USGCRP agencies), academia, non-
governmental organizations, and the private sector. This range of expertise provided the
perspectives needed to meet NCIS goals, to have broad buy-in from the scientific community

Fig. 3 Proposed and prototyped National Climate Indicators System development and implementation process
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and the Federal agencies, and to support the goals of broad engagement within the NCA (Cloyd
et al. 2015 this issue).

To ensure that the Technical Team recommendations had a strong theoretical foundation,
the IWG charged them with producing for each topic a conceptual model, recommendations
for indicators drawn from those models, and research priorities. The Indicators Research Team
served a coordinating capacity for these teams.

3.2 Conceptual models

In the 2000 National Research Council report, Ecological Indicators for the Nation, one major
criterion for indicator selection suggested by the authors (and identified by Cobb and Rixford
1998), was for them to have a clear conceptual basis. Consistent with this recommendation, the
indicators system development used a conceptual or mental models approach, both for the
overall system (Fig. 2) and for each of the Technical Teams’ recommendations. The Technical
Team’s conceptual models transparently defined the system and relationships for each topic
area, which framed the team’s recommendations.

We did not constrain each team within a single conceptual modeling framework because of
the diversity of the topics and team members and a lack of existing conceptual models from the
literature that could accommodate this diversity (Binder et al. 2013; Fisher et al. 2013;
Dorward 2014). As a result, the conceptual models ranged from those that were focused on
the system components (e.g., Kenney et al. 2014, pp. B-23) to those that provided a risk-based
framing (e.g., Kenney et al. 2014, pp. B-42). Because the Technical Teams’ members were
from different disciplines and had not worked together previously, the conceptual modeling
process promoted a shared understanding of the components and functioning within each
sector. We knew the process was achieving its intended goal when one person remarked that
the conceptual modeling process’ success was evident when the individual experts became a
team and developed a shared understanding of the critical biophysical and societal factors
affecting the sector.

After the release of the NCADAC recommendations (Kenney et al. 2014) and building
from the first round of conceptual models, the second round of conceptual model development

Table 1 Technical teams
established by the NCADAC indi-
cators working group to develop
recommendations for the National
Climate Indicators System

Indicators Technical Teams

Physical Climate and Atmospheric Composition

Freshwater Ecosystems

Oceans and Coasts

Water Cycle and Management

Phenology

Forests

Grasslands, Rangelands, and Pastures

Agriculture

Energy

Infrastructure

Human Health

Mitigation and Greenhouse Gases and Sinks

Adaptation and Hazards
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has focused on using a common approach and syntax. Synthesizing across all the conceptual
models has allowed us to better understand and describe the interlinkages between the different
systems and sectors, to further describe the overall NCIS conceptual model, and was used to
support the web-design of the NCIS. Though the system components are fairly obvious to the
Technical Team, they are more challenging to identify and to connect for non-technical
experts. We have found the conceptual models to be a useful way to represent systems and
describe the types of indicators that could be useful to decision makers.

3.3 Recommendations and research priorities

The large number of existing datasets, indicator products, and graphics provided a solid
foundation for the development of the NCIS, including materials created through the devel-
opment of the NCA3, various Federal agency climate programs, and extramural scientific
research. Each Technical Team assessed the available information and made recommendations
for indicators that were a balance between those useful for documenting change in the sector
and those that would be directly useful for adaptation or mitigation decisions. In either case,
the teams needed to demonstrate actual or potential use of the indicator by user audiences to
justify their recommendation. At the same time, the teams also suggested research priorities
that would build out the information important for each sector.

3.4 Review processes

Each Technical Team’s conceptual model, recommendations, and research priorities were
developed into a draft report that was reviewed by a minimum of three experts who were
not part of the indicators process. The Indicators Research Team managed this external review
process, and suggested priorities for responses by the Technical Teams, analogous to standard
review processes used in most scientific publishing. The goal was to ensure that recommen-
dations that ultimately came forward to the USGCRP had passed through rigorous internal and
external expert review. The revised reports were delivered to the IWG for discussion and
synthesis to suggest refinements of the recommendations by a particular team or to identify
linkages of indicator and system concepts between teams. In this way, recommendations from
Technical Teams underwent three levels of review and discussion – an external review, a
review internal to the teams, and a discussion among all the Technical Teams for any system-
wide issues, such as overlaps in proposed indicators or unexpected gaps in the end-to-end
nature of the system.

Such extensive review was time-consuming and difficult. On one hand, it certainly had the
potential to slow down recommendations from coming forward to the NCADAC (and ultimately
the USGCRP). However, it created a level of confidence that indicators that were ultimately
recommended through this process were scientifically well founded, had a strong potential to be
immediately usable, and could be implemented fairly easily.

3.5 Selection of indicators for system

The IWG considered the recommendations of each of the Technical Teams. Because the first
phase of the proposed NCIS implementation process was the creation of a pilot indicator
system, the IWG asked each Technical Team to provide no more than four indicators that were
already scientifically vetted and would be implementable with no additional research or data
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synthesis. The IWG then developed synthesis recommendations (Kenney et al. 2014), which
were approved by the NCADAC (USGCRP 2015), and delivered as advice to the USGCRP.
The IWG was well aware that the initial proposals of such a small number of indicators would
leave unwelcome gaps in the end-to-end model of the NCIS. However, we felt strongly that it
would not be possible to anticipate all the ways in which the indicators of the proposed NCIS
might be interpreted and used, and that it would be preferable to make initial progress that
could then be evaluated and built on. Technical Teams that had proposed multiple indicators
for their topics were thus faced with a difficult tradeoff at the system level of the NCIS.

4 Proposed implementation and phasing

Though the vision, recommendations, and proposed implementation were designed through the
IWG, the intent was for the NCIS to transition to the USGCRP for implementation and ongoing
management. Specifically, the IWG envisioned that the NCISwould be developedwith a process
similar to a typical software development cycle. A beta version would be released to the public
for review. This pilot version would serve as a proof-of-concept, with a limited number of
indicators covering a wide range of topics and providing an opportunity to engage the broader
stakeholder community. Such an iterative user-focused approach is rarely employed for decision-
support products (Moss et al. 2014), but provides a means to assess the efficacy of the product
and to co-design the elements with users to ensure the product better meets their needs (Fig. 3).

To support the implementation recommendations, the Indicators Research Team developed
prototypes for a subset of the pilot indicators that were consistent with recommendations from
the NCADAC (Kenney et al. 2014). The Indicators Research team also created a prototype
style guide for indicator graphics, text, and metadata (see Online Resource 3: Recommended
NCIS Graphic Style Guidance).

It is unusual for USGCRP to receive recommended content from an external group. In order
to release the pilot as an interagency product, the agencies needed to establish a process to
review, revise, and finalize the indicators figures, text, and metadata. A team of Federal
scientists reviewed the content for scientific validity, consistency with other USGCRP products
(e.g., NCA3), adherence to the USGCRP’s communication principles, and correctness and
completeness of metadata. A number of changes were made to meet the standards for USGCRP
products. For example, trends were added to some figures, text was revised to clarify climate
impacts, relevance to decision-making was framed more consistently, and metadata was revised
to adhere to agency standards. Several prototyped indicators were removed from the pilot set
due to competing agency science products (e.g., multiple methods for calculating drought
indices), or because the index reflected non-climate variables and a climate signal could not be
clearly distinguished. Due to time constraints, these issues could not be resolved for the pilot,
but those indicators could be revisited for the future. Consistent with the NCADAC’s recom-
mendations, the USGCRP released a pilot phase inMay 2015 (www.globalchange.gov/explore/
indicators) and will consider establishing a sustained NCIS that expands the pilot.

5 Co-creation with stakeholders using social science research approaches

One of the tenets of stakeholder engagement processes is that the co-creation of knowledge
confers greater legitimacy and salience to the outcomes than simply communicating expert
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judgment (Moss et al. 2014; Lee 1993; Innes 1990). For the NCIS, the approach to co-creation
was serial. The first phase in the NCIS co-production process could be classified as integrating
expert knowledge (Meadow et al. 2015). The initial process included experts on the IWG
and Technical Teams who were familiar with scientific outputs and broad decision needs;
at this stage it did not include non-technical experts who were interested in specific uses for the
indicators.

Part of the rationale for the recommended pilot phase was to Broad test^ the NCIS pilot to
understand how the indicators are used and the additional features needed to increase its utility.
Involving a diverse group of non-technical experts and stakeholders would create the oppor-
tunity to move into a collaborative co-production function (Meadow et al. 2015) to expand and
improve the NCIS to meet user needs and preferences.

The two-phase co-development process was purposeful; we focused on planning an
inclusive, pragmatic process that would be led by technical experts but informed by decision
needs and indicator use. The later phase of the co-development process allows for action-
oriented engagement of stakeholders in which people are asked to engage in the process of
designing scientific products to increase utility for both the scientific and user communities.

After the pilot NCIS was released by USGCRP, new opportunities emerged to evaluate co-
development pathways, including both Btop-down^ and Bbottom-up^ approaches. Top-down
approaches include web analytics and surveys to provide a broad assessment of the under-
standability of individual indicators as well as experiments to test the efficacy of visual
indicator representations and the system as a whole. Bottom-up case studies engage scientists
and decision makers to understand their decision-making contexts, processes, and information
needs – particularly, how NCIS indicators or proposed indicators could be modified to better
support a range of research questions and climate-informed decisions. The Indicators Research
Team is currently conducting and publishing both top-down and bottom-up research that could
provide ideas for future development of the NCIS. Such evaluation data can help prioritize
indicator modifications, additions, and features for the overall system. An iterative approach to
development supports the recommendations by Weaver et al. (2014) to increase global change
social science research and National Research Council recommendation (2009b) that future
research should include Bdesign and application of decision support process and assessment of
decision support experiments.^

Through a combination of evaluation research and targeted co-production, the NCIS could
be refined and developed in a way that balances the need for indicators to support sustained
assessments and to support decisions. Indicators can be both descriptive - describing existing
conditions - and analytic - seeking to understand why those conditions exist (Cobb and
Rixford 1998). The IWG recommendations primarily focused on identifying descriptive
indicators and understanding the relationships among them through conceptual models. The
approach placed the descriptive indicators within a systems context without being prescriptive;
thus, allowing for a balance between indicators for assessment and decision-making.

6 Research opportunities

To meet the goals of the NCIS vision, several near-term research foci were suggested by
Janetos and Kenney (2015). First, a big gap noted in the NCADAC’s recommendations
(Kenney et al. 2014) was the need for adaptation and mitigation indicators. Because adaptation
and mitigation indicators are both more experimental and more closely related to policy than
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others, the Technical Teams chose to identify research questions rather than individual
indicators. For example, further research could help develop indicators that demonstrate
climate vulnerability with and without adaptation measures (i.e., counterfactual analysis) or
the effectiveness of recently implemented policies to reduce greenhouse gases. A particularly
useful set of indicators would move beyond accounting for adaptation actions into measuring
outcomes and effectiveness of portfolios of climate-resilience actions.

Second, it will be important to develop strategies for creating leading indicators to support
climate-resilient decisions. Leading indicators are predictive of future conditions, based either
on currently measured indicators that signify something important about the future or on
models that can verifiably forecast future conditions. Leading indicators have been created for
a number of key climate variables, such as surface temperature and precipitation (Walsh et al.
2014), but leading indicators for climate impacts are less developed yet critically important for
informing adaptation actions. To pursue a research strategy related to leading climate impact
and vulnerability indicators, it will be advisable when scientifically feasible to identify their
optimal temporal scale so that they can be useful in both current and future decision contexts.

Third, there is a need for spatial scalability, i.e., indicators that can be presented at local to
national scales. Such scalability of indicators would allow information to match the scale of the
decision at hand. The spatial scalability of indicators is not simply a matter of aggregating or
disaggregating observations or modeled results. The most appropriate way of representing an
indicator such as drought (Steinemann and Cavalcanti 2006), for example, may depend on the
scale, decision context, or available datasets. Overall, a system of scalable indicators would
have greater utility for a broader range of users and, beyond the communication potential, could
truly support decisions.

7 Conclusions

The recent release of the USGCRP indicators pilot (2015) has been very well received, but the
true success of the effort will be demonstrated through ongoing governance and development.
In particular, a clear vision of a fuller implementation of the NCIS needs to be defined and
refined by user needs and scientific feasibility. In the long-term, a periodic review of the vision
and decision criteria could be used to assist USGCRP in meeting, improving, and evolving the
goals of the effort. Although the NCIS started with IWG recommendations, the system was
intended for Federal agency ownership. Thus, future reconsideration of the goals will likely be
a Federal activity, but we believe input from the broader community would prove useful to
assure that the NCIS is serving the sustained assessment and user needs.

Reliance on a collaborative and transparent process involving Federal and non-Federal
experts and decision makers could guide the evolution of a system of credible, salient, and
useful indicators of change that meet the needs of the indicator audiences. In particular,
ongoing interaction with stakeholders will allow agencies to better match user needs for
climate information with the development of scientifically rigorous indicators. This approach
would provide a consistent and regularly updated suite of national indicators to improve
understanding of changes and impacts and to strengthen the ability of U.S. communities and
the economy to prepare and respond; thus, meeting the original vision of the NCIS.

Ultimately, the NCIS could support development of assessment reports by providing
consistent and routinely updated indicators of physical, ecological, and societal change. The
NCIS could enable an efficient way for each successive national assessment to build on a well-
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documented time series of indicators, measured from established baselines, clearly showing
how conditions have changed since the previous assessment. Finally, an NCIS that success-
fully includes information on the climate system, climate impacts, and adaptation and mitiga-
tion responses, should be able to provide future assessments with the ability assess the Nation’s
progress in responding to climate change.
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Abstract The third United States National Climate Assessment emphasized an evaluation of
not just the impacts of climate change on species and ecosystems, but also the impacts of
climate change on the benefits that people derive from nature, known as ecosystem services.
The ecosystems, biodiversity, and ecosystem services component of the assessment largely
drew upon the findings of a transdisciplinary workshop aimed at developing technical input for
the assessment, involving participants from diverse sectors. A small author team distilled and
synthesized this and hundreds of other technical input to develop the key findings of the
assessment. The process of developing and ranking key findings hinged on identifying impacts
that had particular, demonstrable effects on the U.S. public via changes in national ecosystem
services. Findings showed that ecosystem services are threatened by the impacts of climate
change on water supplies, species distributions and phenology, as well as multiple assaults on
ecosystem integrity that, when compounded by climate change, reduce the capacity of
ecosystems to buffer against extreme events. As ecosystems change, such benefits as water
sustainability and protection from storms that are afforded by intact ecosystems are projected
to decline across the continent due to climate change. An ongoing, sustained assessment that
focuses on the co-production of actionable climate science will allow scientists from a range of
disciplines to ascertain the capability of their forecasting models to project environmental and
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ecological change and link it to ecosystem services; additionally, an iterative process of
evaluation, development of management strategies, monitoring, and reevaluation will increase
the applicability and usability of the science by the U.S. public.

1 Introduction

Ecosystems are the basic components of the Earth’s surface, containing both living organisms
and the non-living matrix of air, soil, fresh water, ocean waters, sediments, and geologic parent
material. The tremendous variety of ecosystems supports an astounding diversity of life,
including the human species. Impacts of climate change on ecosystems often translate directly
or indirectly to impacts on people (Fig. 1). The third National Climate Assessment (NCA)
explicitly recognized that relationship, couching its consideration of ecosystem impacts in the
context of how climate change in the United States affects the benefits ecosystems provide to
individuals, communities, societies, and social institutions (hereafter, simply, ‘people’; Groffman
et al. 2014). Ecologists refer to the benefits that people derive from ecosystems as ecosystem
services (Daily 1997; MEA 2005). Previous U.S. NCAs (National Assessment Synthesis Team
2000; Karl et al. 2009) projected that ecosystem services would likely decline because of
multiple observed and projected changes in species and ecosystems. However, in this third
NCA, key findings were explicitly ranked and evaluated in terms of their impacts on people.

Climate assessments may provide comprehensive evaluations of complex interactions
among regions, sectors, and other landscape-scale stressors such as land-use and land-cover
changes. Sectors for the United States as defined in the NCA include water resources, energy,
transportation, agriculture, forestry, and human health, as well as ecosystems and biodiversity.
The third NCA also explicitly considered relationships among species, ecosystems, and
ecosystem services; forestry, fish, and wildlife resources; water, energy, and land use; land
use and human population dynamics and their interactions with climate change; biogeochem-
ical cycles and climate change; and urban systems, infrastructure, and human vulnerability.
Thus, it was a more integrated assessment than the previous two, with many findings shared
among different chapters and sectors. It also was the first assessment to deliberately and

Direct and indirect impacts on people

Ecosystem impacts

Reduced protec�on from extreme events

Reduced revenue from ecosystem goods and services

Direct threats to lives and property (e.g., fire)

Loss of ecosystem services (e.g., water-quality 
regula�on, storm modula�on, recrea�on/aesthe�cs, 

climate regula�on, cultural heritage and sense of place)

Other 
stressors

Climate 
change

Fig. 1 Direct and indirect impacts
of climate change and other,
confounding stressors on people,
mediated through influences on
ecosystems
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systematically examine how people in different settings within the United States (urban, rural,
and tribal lands) are experiencing climate change and will continue to do so in the future
(Melillo et al. 2014).

1.1 Objectives

As part of this special issue on the processes and outcomes of the third NCA, this article
discusses how the ecosystems, biodiversity, and ecosystem services assessment was devel-
oped, how it differed from the previous NCAs, specifically in terms of its treatment of
ecosystem services, and how it may serve as a model for future assessments through collab-
orative and collegial modes of production (Meadow et al. 2015). As with the ecosystems
chapter of the third NCA, the impacts discussed are specific to the United States and are not
meant to cover global ecosystems and ecosystem services.

The article summarizes the process, findings, and benefits of creating a chapter of the
NCA on ecosystems that emphasizes ecosystem services through a transdisciplinary
research approach. Both development of technical input and synthesis of technical input
and recent literature to develop the final chapter are described. Two intermediate sections
discuss findings in the context of an ecosystem services perspective and provide a case
study for how a transdisciplinary approach can be used to address complex and socially
relevant scientific problems (i.e., Bwicked problems^) (Meadow et al. 2015). The article
concludes with recommendations from lessons learned on how best to organize and carry
out an integrative assessment with findings that are accessible and useable by stake-
holders, which in this case were the President, the Congress, and the people of the United
States.

1.2 Rationale for an ecosystem services perspective

In the five years since the last NCA report was issued (Karl et al. 2009), we have seen
increasingly frequent reports of weather-related natural disasters (Kunkel et al. 2010; e.g.,
Hurricanes Irene and Sandy in the U.S.) and a dramatic rise in expenditures for emergency
management efforts in response to wildfires, hurricanes and other storms, heat waves, and sea
surges (e.g., The Royal Society 2014). An understanding that ecosystems can provide protec-
tion from some extreme events has spurred interest in such regulating ecosystem services. For
example, in response to damage from Bsuperstorm^ Sandy in October 2012, modifications of
shorelines in the greater New York City region have included expanding and restoring
ecosystem features such as salt marsh habitat, as an alternative or accompaniment to ‘hard’
or engineered infrastructure. Because housing developments in the region that had razed dunes
were much harder hit during Hurricane Sandy than those that left dunes intact (Foderaro 2012),
there is renewed interest in dune restoration (Cutter et al. 2014). A second example of
protection from extreme events was the Las Conchas fire in New Mexico in 2011, where
complex interactions among forest health, fires, urbanization, erosion in heavy rainstorms, and
impacts on lives, structures, and water supplies were regulated by the ecosystem services of
soil stability, water-quality, and water provision (Grimm et al. 2013b). Examples like these
show the direct relevance of healthy ecosystems to people and reinforce our assertion that the
ecosystems services lens used in the chapter on ecosystems, biodiversity, and ecosystem
services (hereafter, the ‘ecosystems’ chapter) is a valuable and appropriate way to assess
climate-change impacts across most regions and some sectors.
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Since its introduction in the 1990’s (Daily 1997), the concept of ecosystem goods and
services has taken hold in both the ecological research community and the resource manage-
ment community. Using this concept in the third NCA prioritized ecosystem changes that had
demonstrable impacts on people. But consideration of the goods and services provided by
ecosystems is not unique to this third NCA: previous United States assessments have observed
that the impacts of climate change on ecosystems are likely to extend to society because people
depend on ecosystems to provide those benefits. Both the first and second NCA reports point
out the difficulty of quantifying such benefits, and both aver that, while some services will be
enhanced by climate change, most will decline (NAST 2000, p 24; Karl et al. 2009, p 87).
Indeed, the foundational Strategic Assessment Report for ecosystems points out, BIt is possible
to make some generalizations from the literature on the physical changes in ecosystems, but
interpreting what these changes mean for services provided by ecosystems is very
challenging…^ (Backlund et al. 2008). Although linking ecosystem change to specific
ecosystem services remains difficult, the third NCA took the approach of ranking and
evaluating impacts (key findings) based on specific human outcomes. Threats to water
availability and quality from ecosystem change and harmful algal blooms, people and property
affected by sea level rise, and loss of life and property associated with fires are cited (Groffman
et al. 2014). For example, the number of U.S. counties at risk of water shortage was projected
to increase to 32 % in 2050 from 10 % today.

Several recent international and national assessments also have demonstrated the relation-
ships among biodiversity, ecosystems, and ecosystem services. These efforts were intended to
increase awareness by policy makers and the general public of the value that ecological
systems provide both directly (e.g., food, timber) and indirectly (e.g., supportive services such
as nutrient and water cycling) to society, as well as the risks that their degradation will cause if
left unchecked. One effort, the Intergovernmental Science-Policy Platform on Biodiversity and
Ecosystem Services (IPBES), which stemmed from the recommendations of the Millennium
Ecosystem Assessment (MEA 2005) and the International Mechanism of Scientific Expertise
on Biodiversity (2007), was convened to serve as platform similar to the Intergovernmental
Panel on Climate Change (IPCC), but with a focus on synthesizing, assessing, and critically
evaluating the global condition of biodiversity, ecosystems, and ecosystem services (Perrings
et al. 2011). Independent scientific assessments conducted through IPBES are expected to
increase the capacity of the Convention on Biological Diversity and participating nations of
IPBES to make informed decisions about the management and conservation of their natural
resources. Another example is the UK National Ecosystem Assessment (UK NEA 2011, Mace
et al. 2012), which used an ecosystem services framework to increase understanding and
awareness of the economic and societal values of natural resources, and promote the devel-
opment of tools and products to inform decision-making and adaptive management of
ecological systems. The NCA ecosystems chapter was inspired by these prior efforts and
drew from their experience in developing its focus.

2 The process: assessment of present and future ecosystem impacts

As with the other chapters of the NCA, the ecosystems chapter was developed by distilling and
synthesizing extensive technical input from the broader scientific community. What set the
ecosystems chapter apart from other working groups was the transdisciplinary expert team,
interactive process, and resources devoted to generate findings. Here we highlight the
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participation, process, and lessons learned from two phases of the chapter’s development as a
model for future assessments seeking to address complex and multi-dimensional areas of
scientific knowledge. Production of both a large technical input report and the report chapter
itself raised questions about how best to meet the challenges posed by each step; these
questions are answered, in part, with the final section on recommendations. An assessment
represents a synthesis intended to provide potential answers to policy-relevant questions
(Grimm et al. 2013b); we couch these questions in terms of how the assessment can be
continually updated, made accessible and actionable to diverse stakeholders.

2.1 Development of a technical input report

In July 2011, the NCA Development and Advisory Committee (NCADAC), via the U.S.
Global Change Research Program (USGCRP), issued a BRequest for Information^ in the
Federal Register (Fig. 2), resulting in hundreds of technical input items received across all
sectors, with 128 directed to the ecosystems chapter. The most important contribution was the
Biodiversity, Ecosystems, and Ecosystem Services report (Staudinger et al. 2012), which is
discussed further in this paper.

The USGCRP encouraged agency participation in developing technical input through
personal contacts and the Interagency NCA working group. Scientists at the US Geological
Survey’s (USGS) National Climate Change and Wildlife Science Center (NCCWSC) had
emphasized ecosystem services in several recent initiatives and were actively engaged with the
IPBES; in collaboration with NCADAC and NCA staff, NCCWSC supported the production
of a technical input report and workshop for biodiversity, ecosystems, and ecosystem services,
including supporting a postdoctoral fellow dedicated to the effort.

The development of the 2012 Technical Input to the NCA on Impacts of Climate Change on
Biodiversity, Ecosystems, and Ecosystem Services (Staudinger et al. 2012; referred hereafter as
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Fig. 2 Process and timeline to develop the ecosystems chapter of the third National Climate Assessment
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the TI BEES) thus began through these collaborative and collegial interactions. A steering
committee was formed for the TI BEES, with members from academia, nongovernmental
organizations, U.S. government agencies (including a NCA staff member), and the NCADAC.
The steering committee outlined preliminary objectives, topics, and integrative case studies to
be included in the TI BEES, reviewed previous assessments upon which the TI BEES could
build, and secured funding to support an in-person steering committee meeting and the
proposed workshop. Perhaps most importantly, they compiled and invited a list of experts
and stakeholders, drawn from a broad range of federal and state agencies, academic institu-
tions, and non-governmental organizations, to develop the TI BEES. Selection of the TI BEES
team was a critical step toward finding a balance of interdisciplinary expert knowledge that
spanned from academia to conservation to management and policy, and had wide geographic
representation from the U.S. The targeted experts would have to commit to meeting an
aggressive timeline to produce a product whose guidelines were simultaneously being devel-
oped and refined. An informational webinar was held in October 2011 for potential partici-
pants, which provided an overview of past assessments, the NCA process, expectations for
their participation, and the path forward for the TI BEES.

Approximately sixty experts committed to the production of the TI BEES and participated in
one of four working groups that considered climate-change impacts on 1) biodiversity, 2)
ecosystems, 3) ecosystem services as well as 4) other (non-climate) stressors. Working groups
were assembled based on a pre-webinar survey asking for expertise and interest in relevant topics.
Each workgroup met separately by phone to outline content for their sections and assign writing
tasks prior to meeting in person at the workshop in January 2012. An example of an approach
used by some working groups to synthesize the best available science and support the develop-
ment of the TI BEES was to identify (primarily from literature published since the previous NCA
in 2009) the top 10 most influential and groundbreaking papers on each subject (e.g., climate
impacts on biodiversity); then, through an iterative process, they extracted the key scientific
advances within each topic area over recent years and identified major gaps in knowledge, as well
as surprises in how species and systems were responding to mounting climate impacts.

The workshop, hosted by the Gordon and Betty Moore Foundation in Palo Alto, CA, was
funded by that organization and the NCCWSC. The Moore Foundation was interested in
contributing to work that would have high impact in terms of responses to climate change
impacts, but they imposed no expectations on the workshop. The NCCWSC similarly were
neutral funders, who were involved at the report stage in reviewing the report prior to its
publication. The workshop was structured in plenary and breakout sessions, including writing
sessions. The large group also developed a list of case studies that would exemplify interac-
tions among the topics of the four working groups, and additional breakout groups further
developed four of those crosscutting case studies, which included: 1) whitebark pine and
mountain pine beetles; 2) New England groundfish fisheries; 3) watershed nitrogen regulation
for rivers and the coastal zone; and 4) fire risk, water supply, recreation, and flood risk in
western US forests. Over the course of the 3-day workshop, two additional working groups
formed and began synthesizing information and writing sections on 1) adaptation to impacts of
climate change on ecosystems and 2) proposed actions for the sustained assessment of
ecosystems. These working groups formed because participants voiced concern that simple
documentation of impacts was insufficient for a complete climate change assessment; further-
more, the inclusion of adaptation and sustained assessment topics areas were identified as
critical to advancing the delivery of science to diverse stakeholders and informing strategies
and actions to respond to climate impacts on ecological systems.
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The development of the TI BEES was a rapid process, conducted over approximately a 6-
month period (Fig. 2). Overall, the process represents a successful model for synthesizing a
vast array of scientific information in short order, yet questions remain from the experience.
How could the information collection process be expanded and streamlined to ensure compa-
rable quality while reducing individual effort in future assessments? Was the participation of a
large and diverse group of experts valuable, and what mechanisms could attract them and
reward their continued participation? Finally, what were the financial costs with the technical
input process and were they appropriate?

Key to increasing the efficiency of information gathering in future assessments would be the
establishment of an information database equipped with mechanisms to extract and continually
update information from contributors. Such information would include summaries of scientific
discovery, case studies of ecosystem responses to climate change impacts, examples of
management and conservation tools that have been developed and implemented, and lessons
learned from the successes and failures of those efforts. Contributors to the assessment process
would be encouraged to update scientific and management information as it is produced.

Keeping a large and diverse group of experts engaged ensures that procured information is
relevant to a wide range of audiences and includes as much of the available evidence as
possible. Greater transparency about the NCA process is needed, however. We noted that there
was much confusion among the participants (both for this and other technical input reports)
about exactly what they were contributing to and how it might be used to produce the actual
NCA report. The informational webinar attempted to speak to the organization and goals of the
effort, but many aspects of the process and overall direction of the NCA and the technical input
were being developed in parallel, making it challenging to communicate precisely what
participants were committing to. Communication with experts about exactly how their contri-
butions will be used andwhat kind of information is most useful will be essential to maintaining
engagement in the context of a sustained assessment. If the objective is to encourage broad
input from a diversity of sectors, posting notices in the Federal Register, although necessary,
may not be sufficient. Instead, wide-reaching communication vehicles like NCANet (http://
ncanet.usgcrp.gov/) may allow access to a broader group of potential contributors.

Finally, producing the technical input report did incur a substantial cost: travel for the
steering committee and sixty workshop participants; food, housing, and meeting facilities at
the workshop; and the post-doc salary. We aver that the in-person meetings were invaluable to
ensuring that the TI BEES included diverse perspectives. The workshop was deliberately
structured to be interactive to maximize idea exchange over the course of the meeting.
Through this model, the workshop promoted engagement, communication, and relationship
building among participants. The steering committee was able to rapidly coordinate and refine
content and objectives—examples including the development of case studies and the addition of
two working groups—to meet the broader goals of the overall report. Such responsiveness to
evolving content could not have been accomplished through a virtual meeting format.

A post-doctoral fellow dedicated to workshop planning and report preparation was the sole
member of the steering committee and working group teams whose responsibilities and time
were completely devoted to the effort. For a group and topic area this broad in scope, it was
essential to have such a point person to effectively organize and coordinate the content, teams,
and meetings, especially given the aggressive timelines of the third NCA.

In addition to the full report, which is available to the public on the Globalchange.gov
website, the technical input workgroup also produced an open-access special issue in the
highly ranked Ecological Society of America journal, Frontiers in Ecology and the
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Environment (Grimm et al., 2013a, b, Grimm and Jacobs 2013, Nelson et al. 2013, Staudinger
et al. 2013, Staudt et al. 2013, Stein et al. 2013). Through these products, coupled with
ecosystems chapter of the NCA report itself, the current understanding of the impacts of
climate change on biodiversity, ecosystems, and ecosystem services in the United States was
communicated and made freely available to multiple audiences (e.g., the public, Congress,
scientists), amplifying the potential impact of the entire effort.

2.2 Development of the report chapter

As with all NCA chapters, authors who were considered well-regarded scientists in the subject
area were selected and invited to develop the ecosystems chapter by the NCA Development
and Advisory Committee (DAC). The two convening lead authors, an academic scientist and a
scientist from a leading conservation NGO, were joined by four university faculty members
and a research institute scientist specializing in different areas of ecology and conservation
biology, one US government employee, and one academic working with the Natural Capital
Project, which functioned as a boundary organization. The author team began work in
March 2012, completed a first draft by June 2012, and made revisions in response to the
rigorous review prepared by the NCA staff in consultation with convening lead authors. The
final chapter (Groffman et al. 2014) was completed in February 2014, following a formal
public and government review (Fig. 2).

A major challenge to the development of the chapter was meeting the NCADAC-imposed
length restriction of eight pages of text. To put this in perspective, the author team needed to
consider and digest over 1000 pages from 128 technical inputs, including the 296-page TI
BEES report, to decide upon the key findings of the chapter. Originally, the author team
envisioned the chapter organized around several ‘spheres’ reflecting different ecological
impacts: the dry, the wet, the cold, and Bwho’s there?^ Next, the team decided that Bwho’s
there?^—a consideration about how individual species within ecosystems have been and will
be affected by climate change—should be integrated into the other spheres. Later, this
differentiation was abandoned in favor of highlighting the ecosystem changes that are likely
to be of greatest impact in terms of ecosystem services. The winnowing of ideas was strongly
driven by the NCA guidelines requiring a short chapter, with a small number of key findings.
The development and imposition of these guidelines aided in producing a concise and
accessible amount of information that highlighted genuinely high-impact key findings.

Many of the main findings about ecosystems and species translated directly into key
findings for ecosystem services. As such, framing the findings through the lens of Bwhat
matters most to people^ integrated broad topic areas and packaged them in a way that was
meaningful to the policy and public audiences of the assessment, as well as making them
actionable to the natural resource management community (Mace et al. 2012). The author team
also considered the potential synergy of the ecosystem chapter’s key findings in relationship to
other sectors within the assessment (e.g., water, agriculture, coastal, and forestry chapters) that
would potentially address topics relevant to ecosystems, species, and ecosystem services.

The diversity of perspectives and disciplines captured within the ecosystems team as well as
the process used to develop the chapter, were transdisciplinary in nature, thus leading to key
findings that effectively communicated an enormous amount of material in a way that was
accessible and practical to a wide range of audiences and stakeholders (Meadow et al. 2015).
Many conversations within the team focused on following a thread from a noted change in a
species and/or process, through to impacts on an ecosystem, and finally to the relevance of
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those impacts for people, with different authors weighing in at each phase. For example,
academic knowledge of species changes and how they might affect ecosystems would be
coupled with experience from Nature Conservancy and Natural Capital projects translating
changes in ecosystem services to monetary or non-monetary impacts on people. This type of
iterative discussion generated a shared understanding of which findings reflected strong
connections across components of systems. The mix of expertise also helped translate complex
and large amounts of information into findings summarized in concise, clear points that were
understandable to both experts and non-experts. For example, a non-expert can sometimes be
the best filter, identifying the most critical findings from the complexity and detail held so dear
by experts. The findings and text also evolved as a result of the diverse professions represent-
ed, ending in a document that expressed scientific rigor, detail, and certainty, while also
addressing the practical needs for clarity and relevance to policy and action. Relevance was
judged based on the authors' knowledge of policy concerns but might have profited from
greater involvement at this stage by practitioners.

Several rounds of agency, community, National Research Council, and NCA internal
reviews yielded 246 comments that required response. Review comments were generally
supportive of the ecosystem services framing, and focused largely on language and separating
climate impacts from other stressors. The convening lead authors worked with NCA staff to
resolve comments on the chapter, which was a time-consuming process with constantly
shifting guidelines and requirements. The multi-phased review and revision process was
arduous but necessary and important, as it provided stakeholders with another opportunity
within the assessment process to contribute and shape the overall messages. For example, the
review identified some inaccuracies and missing pieces in the chapter, such as the uninten-
tional omission of information on species extinctions linked to climate change within the
biodiversity component of the chapter. Ultimately, the review and revision process led to a
final product that reflects the needs of the targeted audience and stakeholders.

How could the entire process—from technical input to chapter development— be improved
for future assessments? Based on our experience, having technical input and chapter teams
share somemembers increased efficiency, especially given the short time available to the author
team for chapter development. Numerous benefits in terms of relating ecosystem impacts to
people accrued from the diverse experiences of the author team and the practice of inviting
multisectoral authors; this helped amplify the relevance, breadth, and accessibility of assess-
ment findings. Alternatively, clear and firm guidelines and a timeline for the multiple phases of
assessment, review, and revision would be helpful, so that authors and support staff are not
continually asked to alter their approach or make revisions on short notice. Developing the
NCA as on ongoing, iterative process would almost certainly help to bring about these changes.

3 Findings in the context of the ecosystem services perspective

Biodiversity and ecosystems are shifting in time and space as they respond to complex climate
(e.g., temperature, water), biological (e.g., trophic interactions), and anthropogenic (e.g., land-
use change) drivers worldwide (IPCC 2014) and in the US specifically (Grimm et al. 2013b;
Groffman et al. 2014; Staudinger et al. 2013). Characterizing individual and localized
responses is critically important because it identifies particular vulnerabilities of species and
ecosystems, as well as adaptive capacity to cope with ongoing climate changes. Which species
are adapting and which are declining will have direct impacts on people through changes in
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available resources. Already, fishermen adjust where and when they cast their nets and which
species they target (Pinsky and Fogarty 2012). Insect pests are taking advantage of warmer
winter conditions in many parts of the U.S. and are thereby changing forest landscapes,
including tree species that provide timber, income, and a way of life for communities and
tribal nations (Bennett et al. 2014, Joyce et al. 2014). Forest thinning, a common management
practice, raises the risk for drought impacts, which affects ecosystem services of forests
(D’Amato et al. 2013). The connections between impacts of climate change on ecological
systems and consequences for the goods and services that people depend on must be
elucidated and communicated. Contributors to the ecosystems chapter strived to frame the
impacts of climate change on biodiversity and ecosystems in the context of opportunities and
losses that would resonate with the U.S. public and decision makers. Although ecosystem-
based approaches to conservation and management of natural resources are not new concepts,
this is the first time that an ecosystem services approach has been a primary emphasis in the
NCA. As discussed earlier, the ecosystem services context also is prevalent among interna-
tional assessments seeking to strengthen the influence of their key messages across a range of
scientific, management, and public audiences.

As conservation and management practioners approach the task of anticipating and
responding to the impacts of climate change on natural resources through adaptation ap-
proaches, they increasingly will need to contemplate landscape scales that consider not only
where species and biomes have been historically but where they have the greatest likelihood of
being in the future (Stein et al. 2013). This includes, for example, working with communities
to restore coastal habitats, such as salt marshes and dunes, that provide protection against
extreme weather events, while also enabling species movements inland through corridors, as
sea-level rise and coastal storms erode or inundate coastlines. Those developing strategies for
adaptation to climate change will need to engage stakeholders early and often, throughout both
inception and implementation stages, to ensure that community needs and values are incor-
porated into the overall strategy and balanced with sustaining ecological targets.

4 Opportunities for ecologists afforded by the assessment

Perhaps the most compelling scientific aspect of the NCA process was the opportunity to
evaluate the accumulated evidence, or lack thereof, in support of past key NCA projections
regarding climate impacts on ecosystems, biodiversity, and ecosystem services. Many of the
key messages of the first two NCAs are now being realized; however, in certain cases our
understanding is becoming more refined while in others there are surprises. Where have we
been right, where have we been wrong, and what can we learn from where we have been
wrong? For example, ecologists have long projected that forests would grow better in a
warmer, wetter world with higher levels of atmospheric CO2. Indeed, trees are growing better
all across the continent (Williams et al. 2012)—except where they are not. Non-conforming
regions include vast areas of dead and declining conifer forests in theWest (vanMantgem et al.
2009) and vanishing hemlock stands in the East (Paradis et al. 2008). The loss of extreme low
winter temperatures and extended growing seasons have facilitated the spread and/or persis-
tence of insect pests that can significantly damage forests (Grimm et al. 2013a); a native pest
outbreak (pine bark beetle; e.g., Bentz et al. 2010) is the culprit, while in the East, loss of low
temperature has facilitated the spread of an invasive pest, the Hemlock wooly adelgid (Paradis
et al. 2008). These examples demonstrate regional or local exceptions to broader trends.
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Taking a continental-scale view, such as is required for an assessment of impacts across the
United States, allows ecologists to examine where we were wrong in our earliest projections,
to determine if aspects of climate change underlie these unexpected results, and to identify
poorly understood mechanisms that need further investigation. The dying forests example
illustrates the complexity of climate-change effects on ecosystems, triggers and thresholds that
may result in opposite outcomes in different locations, as well as the need to integrate expertise
from multiple disciplines (e.g., climatology, forestry, and entomology in this case). Thus, an
ongoing, iterative process of prediction, evaluation, and revision of ideas will greatly improve
climate-change science. Furthermore, assessment that incorporates unique regional responses
will enhance the ability of managers to anticipate and respond to climate-change effects in
ways that are appropriate to place.

5 Recommendations

The experiences of the authors of this paper as members of technical input and author teams
for the ecosystems chapter lead us to conclude this paper with a set of recommendations,
offered in the hope that they will have relevance and value to future NCAs.

& Future NCAs should retain and further develop the focus on ecosystem services, as the
impacts of climate change on people are often the most relevant and of the greatest concern
to target audiences. Many impacts on ecosystems may be translated to impacts on
ecosystem services, and thereby, on people.

& Technical input from the scientific community in diverse sectors is essential but must be
streamlined by providing infrastructure and mechanisms to enable a continuous flow of
information from contributors, between and throughout assessments. Resources must be
devoted to the accumulation and evaluation of scientific information as it is produced, such
as staff dedicated to communicating and seeking out new information and to keeping
databases up to date in anticipation of each next assessment. The outstanding NCAwebsite
should be expanded to allow this flow of information.

& Technical input from diverse stakeholders, including managers, legislators, and practi-
tioners, is essential at all stages of the process to ensure that the science synthesis and
findings are salient and useable for management, policy, and action. As described here,
interfacing with all of these groups is time consuming; therefore, to do so comprehensively
may require extending outreach and feedback timelines within the different phases of the
NCA (e.g., review and revision stages).

& Incentives for contributors, in terms of both resources to enable their participation and clear
expectations for the fate of their contributions, would improve the acquisition of technical
input. Limited funding across all federal agencies will be an obvious barrier to overcome in
making incentives a reality; furthermore, a compressed timeline for producing the NCA
may preclude substantial involvement of many potential contributors. More clear and firm
timelines for the review and revision process would make it easier to recruit and retain
authors for future assessments. Developing the NCA as on ongoing, iterative process
would almost certainly help to bring about these changes.

& In person, face-to-face meetings remain an essential way to stimulate the exchange of ideas
and good syntheses of available knowledge for application to assessments and are well
worth the financial investment, especially for broad topic areas.
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& A survey of TI BEES and chapter authors could be initiated to estimate the total number of
hours spent on development of final products, ascertain preferences for engagement
methodology (e.g., virtual vs. in person meetings), and solicit opinions on how the process
could be improved.

& The transdisciplinary approach involving multiple, crosscutting sectors and topics is a
strength of this NCA and should be a model for future assessments; however, a means for
promoting better communication and integration among related topics is needed. Dedication
of a point person with responsibility to interface with other sectoral teams is one possibility.

& There is a strong need for the NCA to be an ongoing iterative process of making
projections, evaluating the literature across disciplines and regions, and revising ideas, as
this will greatly improve climate-change science and the ability of the U.S. to anticipate
and respond to climate-change impacts.
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Abstract The organizers of the 2014 US National Climate Assessment (NCA) made a
concerted effort to reach out to and collaborate with Indigenous peoples, resulting in the most
comprehensive information to date on climate change impacts to Indigenous peoples in a US
national assessment. Yet, there is still much room for improvement in assessment processes to
ensure adequate recognition of Indigenous perspectives and Indigenous knowledge systems.
This article discusses the process used in creating the Indigenous Peoples, Land, and Re-
sources NCA chapter by a team comprised of tribal members, agencies, academics, and non-
governmental organizations, who worked together to solicit, collect, and synthesize traditional
knowledges and data from a diverse array of Indigenous communities across the US. It also
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discusses the synergy and discord between traditional knowledge systems and science and the
emergence of cross-cutting issues and vulnerabilities for Indigenous peoples. The challenges
of coalescing information about climate change and its impacts on Indigenous communities
are outlined along with recommendations on the types of information to include in future
assessment outputs. We recommend that future assessments – not only NCA, but other
relevant local, regional, national, and international efforts aimed at the translation of climate
information and assessments into meaningful actions – should support integration of Indige-
nous perspectives in a sustained way that builds respectful relationships and effectively
engages Indigenous communities. Given the large number of tribes in the US and the current
challenges and unique vulnerabilities of Indigenous communities, a special report focusing
solely on climate change and Indigenous peoples is warranted.

BClimate change…remind[s] us that, as my Lakota relatives say, ‘We are all related.’ That
might be the wisdom we need most whether scientist or non-scientist - Indigenous or non-
Indigenous.^ – Dr. Daniel Wildcat, Haskell Indian Nations University1

1 Introduction

Indigenous peoples, lands, and resources in the US are currently experiencing a vast array of
climate change impacts (Bennett et al. 2014; Houser et al. 2001; Larsen et al. 2014; Maynard
2002; 2014; McLean et al. 2009; Nakashima et al. 2012; Redsteer et al. 2013). Multiple social,
environmental, economic, and political stressors increase the vulnerability of Indigenous
peoples to climate change impacts, putting their livelihoods, communities, and deep connec-
tions to the natural and living environment at risk. Colonial-driven transformation of human
and natural systems have pushed Indigenous communities to marginalized territories (Reo and
Parker 2013) and forced many tribes onto restrictive reservations with limited options for food
and safety (Lynn et al. 2013). This sets the stage for systemic impoverishment and injustice
experienced by Indigenous peoples across the country and now is evidenced in the form of
decreased adaptive capacity to climate change impacts (Maldonado et al. 2013b).

In the US, there are 567 federally recognized tribes, 34 state-recognized tribes, and many non-
recognized Indigenous communities, including those within the US territories. Therefore, the
chapter on Indigenous issues in the ThirdUSNational ClimateAssessment (NCA3) only captured
a small portion of the breadth and depth of climate change impacts and solutions occurring
throughout the Indigenous communities in the US and its territories. Most of the authors of this
paper were authors of the BIndigenous Peoples, Land and Resources^ chapter in NCA 3 (Bennett
et al. 2014; hereafter BIndigenous Peoples chapter^), as well as serving in significant other roles.
Several authors of this paper who are Indigenous scientists workingwith Indigenous communities
were given opportunities to take leading roles in the NCA process. For example, one author
(Bennett) served as a member of the NCA’s federal advisory committee that helped shape the
NCA process overall. Two other authors (Hiza Redsteer and Chief) co-authored the Southwest
Technical report on Indigenous people, which was the first time such a chapter was produced for
the Southwest region’s main technical input report. These authors found that although the
Indigenous Peoples chapter represented the most comprehensive chapter on this topic in an

1 This quote is from Dr. Wildcat in the Special Issue of Climatic Change (Maldonado et al. 2013a), which was
initiated by the NCA’s Indigenous Peoples chapter author team.
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NCA synthesis report to date, the data available to quantify impacts to many Indigenous
communities were insufficient and more documentation is needed.

This gap in knowledge leaves tribes (and rural communities) at a significant disadvantage and
compromises the overall state of knowledge about climate change impacts. Nevertheless, the NCA3
process deliberately engaged Indigenous peoples and documented the climate change impacts they
experienced. As a result of extensive discussion across author teams and within NCA’s federal
advisory committee, the challenges faced by Indigenous communities across all regions and sectors
rose to one of the twelve key findings of the entire report: BClimate change poses particular threats to
Indigenous Peoples’ health, well-being, and ways of life^ (Melillo et al. 2014:17).

Despite this progress, additional data are needed to comprehensively and sensitively represent
Indigenous issues in future assessments. An ongoing, sustained assessment process (suggested
by Buizer et al. 2013), as opposed to a business-as-usual quadrennial report summarizing the
impacts of climate change, canmore effectively identify and synthesize the relevant issues for the
public and policy-makers. The process by which the Indigenous Peoples chapter was developed
for NCA3 illustrates the depth of cultural engagement necessary for initiatives that effectively
and adequately engage Indigenous peoples, but even this effort fell short in important ways.

Transforming the NCA into a more inclusive process and therefore creating a more compre-
hensive report requires: 1) meaningful inclusion and integration of Indigenous perspectives within
other sectors of climate assessment reports; 2) focused chapters on Indigenous issues in all regional
climate assessments; 3) more relationship-building, along with increased engagement and the
inclusion of traditional knowledges in a culturally appropriate and Indigenous-led manner, and 4)
publication of special reports on Indigenous issues, especially in circumstances where Indigenous
issues have not historically been part of the climate assessment process. Additional efforts to
support research with tribes on Indigenous lands are needed, to build capacity and provide
technological tools that can strengthen statistical scientific confidence in observed impacts.

Recognition of the lack of meaningful engagement with Indigenous leaders, scholars, and
resource managers in the first two NCA synthesis reports led to the significant effort to do a
better job in developing the NCA3 Indigenous Peoples chapter. The first NCA report included
a chapter on “Potential Consequences of Climate Variability and Change for Native Peoples
and Homelands” (Houser et al. 2001). However, this chapter was based predominantly on
discussions at a single 1998 NASA-sponsored Native Peoples-Native Homelands (NPNH)
Climate Change Workshop in Albuquerque, New Mexico, and its subsequent report (Maynard
2002). For the NPNH workshop, nearly 200 Indigenous people from North America gathered
together with climate scientists to examine the impacts of climate change and extreme weather
variability on Native Peoples and their homelands from Indigenous cultural, spiritual, and
scientific perspectives. Beyond this, the first NCA assessment leaders and chapter authors had
limited engagement with and outreach to Indigenous peoples.

The second NCA report (Karl et al. 2009) did not include a chapter on Indigenous peoples.
However, NASA sponsored a second NPNH Climate Change Workshop in Prior Lake,
Minnesota in 2009. Although not specifically linked to the NCA process, the 2009 NPNH
workshop was a collaborative effort of federal, regional, Indigenous, and non-Indigenous
partners, including Haskell Indian Nations University, Honor the Earth (an Indigenous-led
non-profit organization), NASA, and many other Indigenous partners. Over 400 participants
discussed impacts of climate change on Indigenous peoples. Workshop attendees began
developing response and adaptation actions and proactive recommendations to help ensure
longer-term survival of Indigenous communities (Maynard 2014). A particularly significant
outcome from the 2009 workshop was “The Mystic Lake Declaration” (Native Peoples Native
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2009), demonstrating a growing strength of Native voices in the US. Members of the
Indigenous Environmental Network presented the declaration to world leaders from more than
190 countries in Copenhagen, Denmark at the 15th Conference of the Parties to the United
Nations Framework Convention on Climate Change. They contributed a powerful, unified
Indigenous voice on the importance of Indigenous science and knowledge for addressing
environmental and climate issues (Maynard 2014).

2 Developing the indigenous peoples, land, and resources chapter for NCA3

NCA3 staff and supporting agencies went beyond merely developing a summary of existing
research, instead designing an inclusive process to develop and document the required founda-
tional information. Activities began with the inclusion of Indigenous peoples in the preliminary
workshops that framed the focus and organization of NCA3 (http://www.globalchange.gov/
engage/process-products/NCA3/workshops). Additional process elements are described below.

2.1 Coalescing information about climate change and Indigenous communities
across the US

The convening lead authors of the Indigenous Peoples chapter established a technical input
team comprised of tribal members, agencies, academics, and non-governmental organizations
to work together to identify relevant knowledge, data, and information to submit to the NCA as
technical input, assess the appropriateness of referencing this material in the chapter, and
identify gaps in the literature. The team also worked to ensure that input was submitted from
sources throughout the US and represented a wide range of issues important to Indigenous
peoples in the context of climate change. The Indigenous Peoples chapter incorporated
technical input gathered from Indigenous communities, Indigenous scholars, and other re-
searchers around the country that identified key climate change impacts to Indigenous culture,
communities, natural resources, treaty rights, and sovereignty. Over 200 sources of technical
input were submitted to the NCA, including published, peer-reviewed articles, workshop
reports, Indigenous communities’ activities and reports, and audio and video submissions of
recorded interviews with Indigenous elders and community members.

Other chapters in the NCA also incorporated Indigenous-related technical input. Examples
include the Great Plains chapter, which highlighted efforts of the Oglala Lakota Tribe in South
Dakota to incorporate climate adaptation and mitigation within tribal sustainable development
initiatives (Shafer et al. 2014). The Alaska chapter emphasized the increasing vulnerability of
Alaska Native communities with a section specifically dedicated to research in Native
communities that included traditional knowledges and the observations of elders and Alaska
Natives in the region (Chapin et al. 2014). Additionally, the Coastal chapter highlighted the
particular challenges of climate change and sea-level rise – as well as the unique barriers to
adaptation – for coastal tribes (Moser et al. 2014). Despite these success stories, the inclusion
of Indigenous knowledges and perspectives across other chapters was less evident.

Even with a chapter dedicated to Indigenous issues and some inclusion of Indigenous issues
in other chapters, it quickly became clear that while a large volume of literature existed regarding
climate impacts locally, regionally, and nationally, information specific to Indigenous peoples,
their lands, and resources was seriously lacking. The climate literature covered regions
encompassing Indigenous lands, but for the most part did not address Indigenous peoples’
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concerns or needs, nor did Indigenous peoples lead the development of the climate literature. To
address this issue, over fifty authors representing Indigenous communities, academia, agencies,
and organizations collaborated on a Special Issue for Climatic Change, the first peer-reviewed
scientific journal issue devoted to climate-change-related impacts on Indigenous communities
across the US (Maldonado et al. 2013a). This extensive effort, led by NCA staff, is evidence of
the high priority that this topic was given in the NCA3 report development process.

During the development of the NCA3, several opportunities arose to conduct regional
workshops to gather input and gain a more in-depth understanding of Indigenous concerns
about climate change. These workshops resulted in reports fromCoastal Louisiana tribes (2012),
Great Lakes tribes (Shifting 2011), Alaska Native communities, Great Plains tribes (Riley et al.
2011), and the Pacific Islands (Souza and Tanimoto 2012). The workshops helped participants
and the technical input team realize the need to consider and address not only the impacts of
climate change on resources that many Indigenous communities depend upon and are deeply
connected to, but to also acknowledge and highlight the grave risk climate change poses to entire
cultures and ways of life. Fortunately, Indigenous communities themselves often hold the
knowledge that can help them and others navigate towards a more sustainable path (see Fig. 1).

2.2 The selection of key messages

Many themes emerged from assessment findings; these included impacts on water resources,
forest resources and ecosystems, evidence of multiple kinds of traditional knowledge, cultural
practices, food subsistence, food security, adaptation, policy barriers, policy opportunities,
displacement, relocation, risks specific to coastal communities, extreme weather events, human
health, energy supply and use, and social and environmental justice. To condense the initial 49-
page draft to the 3000-word-per chapter limit, the author team determined key themes by
considering the most discussed issues in technical inputs, commonalities across regions, and
the most immediate impacts and adaptation needs. Highlighted themes are: availability of and
access to traditional foods; decrease in water quality and quantity; declining sea ice in Alaska;
Alaska Native communities’ exposure to health and livelihood hazards; and forced relocation.

Fig. 1 BThe embers of our way of life must be carefully preserved by the ashes of time to light into flame the
passion of our youth to assure that it endures.^ – Papalii Dr. Failautusi Avegalio. Photograph by Eren Avegalio
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Two themes focus specifically on Alaska, where many Alaska Natives are experiencing the
most dramatic and immediate effects of climate change, in part due to regional temperatures
increasing at twice the global rate in the Arctic over the past several decades. Arctic Native peoples
are observing and experiencing these changes on a daily basis (Cochran et al. 2013). Scientific
research documenting environmental changes on Indigenous lands and waters, and impacts on
Native livelihoods and cultures is limited, with the majority of studies documenting changes in
Alaska and specifically the Arctic. In fact, the BPolar Regions^ chapter of the 2014 Intergovern-
mental Panel on Climate Change (IPCC)WorkingGroup II Report had three timesmore articles by
or about Indigenous peoples in the Arctic than its 2007 report, significantly strengthening the
inclusion of Native peoples in the Arctic (Larsen et al. 2014). While the NCA3’s Indigenous
Peoples chapter highlighted the themes that emerged most prominently through technical inputs, it
could not capture all the effects of climate change occurring in and around Indigenous communities
in the US due to the very stringent constraints on the length of the document.

3 Lessons learned, challenges, and recommendations for a sustained NCA

The primary challenge in writing the Indigenous Peoples chapter was that the majority of informa-
tion on climate change impacts and adaptation and mitigation strategies for Indigenous peoples was
not documented in peer-reviewed scientific literature. Many of the effects of a changing climate
observed and experienced by these populations are talked about in oral tradition and traditional
knowledge systems. These pathways for knowledge, however, are not often considered to have
equal validity to scientific studies and findings. The revision and review process for the chapter
highlighted the need to address discrepancies between inclusion of Indigenous peoples in assess-
ments such as the NCA, and exclusion of Indigenous ways of knowing and observing from the
current system for assessing climate change used by government agencies and Western scientists.
This is a significant issue that should receive further consideration in future assessments.

Another challenge arose from tensions between how government agencies and scientists
reviewing the Indigenous Peoples chapter explained and understood climate change and how
climate change was described in technical inputs by Indigenous peoples. Some phrases and
concepts do not translate easily between English and tribal languages. For example, in Navajo
Bclimate change^ is often expressed as a disruption of the balance and harmony of one’s
spiritual and cultural connection to Mother Earth and Father Sky. The authors worked to
manage the divergent perspectives of Western science and traditional perspectives by
explaining to reviewers that there are different ways of knowing and multiple kinds of
traditional knowledge; these need to be given equal weight to Western forms of knowledge
when discussing issues of importance to Indigenous people.

A third challenge – experienced across all NCA3 chapters – was that in the absence of
dedicated funding, individuals had to volunteer their time as chapter authors or members of a
technical input team, or find other sources of support. This limited who could contribute to the
process and caused a tremendous strain on those who did participate. One of the most valuable
lessons learned was that the current approach to assessments is not sustainable without
additional resources. Although the technical input process was ultimately effective, the overall
assessment process was unclear to participants and it was often overwhelming for the
individuals striving to gather and synthesize information in a short amount of time.

Overall, increased Indigenous engagement is critical for more comprehensive NCAs in the
future. As recommended in the special report on how to build a sustained assessment (Buizer et al.
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2013:27), “TheNCA should ensure adequate support for tribal engagement in future assessments,
and include tribal engagement as a metric of success for ongoing efforts.” For an assessment to be
comprehensive and inclusive, Indigenous peoples must remain engaged. Additional information
on barriers to adaptation, research, and capacity building in Indigenous communities should be a
major focus in future assessments. Additional efforts are needed to incorporate contributions from
traditional knowledge systems into assessments, because these data are primarily from regions
that are least monitored and least studied (Redsteer et al. 2012). Huntington (2000) provides some
guidance on inclusion of traditional knowledges that could serve as a point of departure.

Activities beyond the assessment itself are also needed to support adaptation efforts in Indig-
enous communities. In the absence of more concerted adaptation efforts, many threats to traditional
life-ways may be left unaddressed or not given adequate emphasis. Efforts to expand research on
Indigenous lands should include comparisons of outcomes from conventional scientific tools with
traditional knowledge to bolster statistical confidence required by the assessment process. Very few
data are available that quantify changes or establish baseline conditions for many Indigenous
communities. Much is left out of assessment reports simply because local changes – which are
sometimes clearly evident – have not been documented in scientific literature. The scant studies
available indicate that some Indigenous communities are already experiencing significant impacts,
but research in Indigenous communities has been uneven.

Expansion of Indigenous engagement on an ongoing basis would allow for a more compre-
hensive NCA, e.g., by enabling collection of additional data between assessments and by
providing funding and capacity to carry out Indigenous-directed scientific studies on climate
change impacts. Such effective engagement requires long-term relationships and investment.
Important documents already developed by Indigenous peoples can be used to guide the
establishment of a permanent and formalized structure for Indigenous participation in the
NCA (see, for example, CTKW 2014; Grossman and Parker 2012; and Johnson et al. 2013).

On the basis of these lessons and our overall experience, and to address the challenges listed
above, we make the following recommendations to enhance the inclusion of and engagement
with Indigenous peoples in a sustained NCA and create a more sustainable process:

3.1 Include a dedicated indigenous peoples, land, and resources chapter in future
NCA synthesis reports

To produce a more comprehensive NCA that expands knowledge over time, an Indigenous
Peoples chapter must be included in every NCA synthesis report that is deliberately designed
to fill gaps in earlier reports. Enhanced Indigenous inclusion in the NCA assessment process
would support this effort.

To foster this engagement, at least one person representing Indigenous peoples should
be invited to be on each NCA federal advisory committee charged with writing NCA
synthesis reports. The committee should also include other members who are either
Indigenous or who work with Indigenous peoples on issues related to climate change.
Beyond the chapter on Indigenous peoples, Indigenous leaders and scholars should be
included as authors on regional and sectoral chapters. This may lead to new understand-
ing of climate change impacts and adaptation strategies as well as increased knowledge
exchanges. Furthermore, future NCA publications should include Indigenous leaders and
scholars as peer-reviewers, not just for Indigenous publications but also for all aspects of
the climate assessment to ensure that Indigenous issues are addressed holistically and
comprehensively.
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3.2 Provide financial resources for Indigenous representatives to effectively
participate in the NCA

As discussed in the special report on building a sustained assessment,

B[Indigenous peoples] participation is critical to the success of a sustained assessment,
by providing science support and data collection, including Indigenous knowledge, on
Indigenous peoples’ lands. However, the ability of Indigenous communities to partici-
pate in ongoing and emerging assessment related activities is seriously hampered by a
lack of resources. The USGCRP agencies, as appropriate, could make funding available
to Indigenous organizations for production of technical inputs and coordination of these
inputs as part of a sustained assessment^ (Buizer et al. 2013:27).

A number of groups already work with Indigenous peoples on climate change issues and
represent a variety of viewpoints, regions, and sectors (see Table 2). The US Global Change
Research Program (USGCRP) should work with these groups to gather information from their
meetings and discussions and produce reports between the quadrennial synthesis reports that
can be used as input for the Indigenous Peoples chapter. The Institute for Tribal Environmental
Professionals (ITEP) at Northern Arizona University, for example, produces climate change
profiles describing impacts and adaptation strategies being implemented by Indigenous nations
across the US. Such entities could organize technical input meetings, produce technical input
reports and special reports, and serve as the interface between NCA and Indigenous commu-
nities throughout the US and its territories.

One option for supporting ongoing assessments is to provide assistance to organizations
that are already working on climate-related issues with Indigenous communities. Addition-
ally, a liaison should be named to be part of the NCA process, to facilitate the connection
between Indigenous communities and USGCRP and manage and coordinate a number of
elements across the NCA process, such as those described below. A sustained assessment
will be more effectively achieved by working with these established entities that are
already adept at dealing with sovereign nations and state- and non-federally recognized
Indigenous communities.

3.3 Provide networking support for indigenous groups

A team of Indigenous reviewers should monitor technical inputs for all sectoral and
regional chapters, to help ensure that issues faced by Indigenous peoples are addressed in
an integrated and holistic way rather than isolated and separated from governance structures
and assessments, research agendas, and plans to address climate change. Moreover, inclu-
sion of Indigenous input will facilitate the assessment of climate impacts across jurisdic-
tional boundaries. Indigenous authors and reviewers are likely to remain engaged if they
feel that they can help to shape the assessment process, that their voices are given equal
and respectful consideration along with climate scientists, and that their participation is
helping forge effective partnerships to support the actions needed for effective climate
adaptation.

This networking effort could be better integrated and leveraged through NCA’s existing
network of partner organizations, NCAnet. The NCA should reach out to trusted Indigenous-
led networks and organizations in each region to more effectively engage and invite
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tribal leaders and those holding leadership positions in a tribe, Indigenous communi-
ties, Indigenous networks, tribal colleges and universities, and Indigenous and non-
Indigenous organizations that work on Indigenous-related climate change issues to
become members of NCAnet.

To facilitate a wider array of Indigenous perspectives and increased Indigenous input to
the NCA process, we recommend convening an annual meeting that brings together Indig-
enous networks and provides a technical input report to the NCA. Rising Voices, Indigenous
People’s Climate Change Working Group, and Shifting Seasons are organizations that
provide successful models for event organization. Smaller workshops should also be held
in different regions of the country and workshop reports produced to provide input for future
assessments. A variety of Indigenous, federal, and state partners could be involved in
convening such meetings. For example, the Great Plains intertribal workshop held in
Oklahoma (Riley et al. 2011) was hosted by Haskell Indian Nations University (a tribal
college) in collaboration with the Oklahoma Climatological Survey (a state partner) and
the Southern Climate Impacts Planning Program (a federal partner). Workshop reports
submitted to the NCA as technical inputs should also be included in the NCAnet toolkit,
which includes materials produced by NCAnet partners, and is posted on the NCAnet
website (http://ncanet.usgcrp.gov/partners/resources).

3.4 Produce an NCA special report on indigenous peoples, land, and resources

Because of the limited word count for each chapter, a significant amount of information
gathered for NCA3’s Indigenous Peoples chapter could not be included in the final report.
How climate projections in regions directly relate to Indigenous communities and examples of
implemented adaptation strategies mostly had to be omitted. Consequently, the chapter could
not provide in-depth information about barriers to adaptation or research, policy, and infor-
mation needs. An Indigenous Peoples, Land and Resources Special Report for the NCA could
serve as a significant benchmark for the state of research, information, mitigation, and
adaptation needs for these populations.

Information in such a Special Report should complement the primary NCA report’s
contents and provide additional information specific to Indigenous groups, including: envi-
ronmental changes that Indigenous peoples are observing; impacts being experienced; barriers
to adaptation that Indigenous peoples are encountering; additional stressors that increase
Indigenous peoples’ vulnerability to climate change and limit their adaptive capacity; adapta-
tion strategies being implemented; support needed to protect cultures and traditions; informa-
tion, research, and capacity-building needs; and how needs identified in the NCA3 report are
being addressed.

The Special Report should include an in-depth focus on key messages addressed in NCA3’s
Indigenous Peoples chapter, as well as other themes relevant to Indigenous peoples, and
include information from across regions. It should serve as a foundation document for future
assessments and be revised on an annual basis to form an annual technical input report, similar
to reports produced for regions and other sectors (e.g., Dalton et al. 2013; Garfin et al. 2013).
Furthermore, the Special Report and related products, such as factsheets and an executive
summary, would serve as significant documents to inform decision-makers at tribal, federal,
state, and local government levels.

Based on the key messages from NCA3’s Indigenous Peoples chapter and the proposed
Special Report, a list of Indigenous-relevant research questions should be provided to
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agencies, research organizations, funders, and decision-makers (see Table 1). Indigenous-
related networks could contact tribal colleges and other entities that have extensive outreach
components (e.g., Bureau of Indian Affairs, National Congress of American Indians, ITEP,
Intertribal Timber Council) for their research findings, research needs, and emerging issues, as
well as send requests to federal science networks, such as USDA’s regional climate hubs and
DOI’s climate science centers, to address the questions that arise from the Special Report that
align with the scope of their work.

Table 1 Examples of potentially significant research questions based on the five key messages from NCA3’s
indigenous peoples, land, and resources chapter

Key message Examples of research questions

Climate change impacts threatening
traditional foods

• How are the impacts of climate change on traditional foods
affecting food security and the health and nutrition of
Indigenous peoples?

• How are changes to the quantity and composition of traditional
food species impacting tribal culture and traditional tribal access?

Decrease in water quality and quantity • How will climate change and other vulnerability factors such as
population growth and land use changes affect the quantity and
quality of surface and groundwater on and around Indigenous
lands?

• How can Indigenous water supply infrastructure be better
adapted to the climate changes occurring (e.g., drought, permafrost
melting, algal blooms)?

• What are the potential impacts of climate change on tribal water
rights (both in terms of quantity and quality) and off-reservation
rights to fish, hunt, and gather (Cozzetto et al. 2013)?

Declining sea ice in Alaska • What technologies and resources are available for Arctic Indigenous
communities to protect their homelands from storms and floods
due to declining sea ice? How have these technologies worked
in other communities?

• What impacts will the expected ice-free Arctic Ocean have on
Arctic Indigenous communities and how can communities
engage in potential benefits and challenges?

• How does declining sea ice affect species that are ice dependent
and that Indigenous communities depend upon for subsistence
(e.g., polar bears, walruses, and seals)?

Alaska Native communities exposed
to health and livelihood hazards

• What human health impacts may result from conditions of climate
change (e.g., flooding, wildfires, sewer/water contamination, ice
dependency for subsistence, and rapidly changing weather condi-
tions)?

• How can Alaska Native water supply, wastewater, stormwater,
transportation, and energy infrastructure be better adapted to the
climate changes occurring (e.g., permafrost melting, warmer
temperatures, algal blooms, potentially moving disease vectors)
so as to protect the health of Alaska Natives?

Forced relocation of entire Indigenous
communities

• What types of governmental processes (tribal and federal) can be
put into place to assist Indigenous communities with identifying
lands and funds for relocation if that becomes a necessity
(Cozzetto et al. 2013)?

• How can Indigenous communities continue to viably live in place
and ensure the protection of cultural sovereignty while
community-led relocation is planned?

• What are examples of community-led relocations already taking
place and the lessons that can be learned from these experiences?
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3.5 Build capacity for adaptation

Compared to an isolated report, a sustained assessment requires more proactive capacity-
building activities that strengthen skills and abilities at the individual, community, organiza-
tion, and government levels. These include getting the backing of tribal leaders; improving the
ability of tribal managers to conduct and report on vulnerability and risk assessments;
developing effective partnerships to support climate adaptation efforts and Indigenous-
specific research questions; working to break down barriers to adaptation; sharing lessons
learned about climate change impacts; and identifying steps needed to effectively implement
and review mitigation and adaptation actions.

Information gathered should focus on describing a changing relationship between commu-
nities and the surrounding lands and waters, including examples of positive, forward-thinking
adaptation plans and actions, and lessons learned from actions implemented by Indigenous
communities.2

Federal agencies should provide support for research, education, and training of Indigenous
students, faculty, community groups, and others in Indigenous communities with respect to
using assessment information for climate adaptation. These activities should extend to Bureau
of Indian Affairs schools, reservation grant, private and public schools, tribal colleges and
universities, community groups, non-profits, and tribal and Native leaders. Federal internship
programs targeted for climate assessment in Indigenous communities should be increased.

The scientific and cultural competency of both Indigenous and non-Indigenous community
members and scientists to work together more effectively will be enhanced through research
that embraces the co-production of knowledge and includes partnerships involving Indigenous
communities, federal agencies, state and local governments, research institutions and aca-
demics, and non-profit and non-governmental organizations (see Table 2).

USGCRP and other federal agencies could increase partnership opportunities between
Indigenous individuals and the science and assessment communities (of federal and state
agencies and academic institutions) by integrating issues of relevance to Indigenous commu-
nities (such as traditional knowledge about climate and land changes) into their requests for
proposals. Indigenous partners have a deeper understanding of the challenges that face their
communities and will be the ones to implement adaptation actions and solutions, and so will
make valuable and essential contributions to these partnerships.

Subsequent assessments should be guided by a living document that both provides
new emerging issues and information, as well as summarizes key capacity-building and
other needs identified in the proposed Special Report on Indigenous Peoples, Land and
Resources and through the technical input process, such as the suggestion in the Indig-
enous Peoples chapter of NCA3 that BNew governance institutions, frameworks, and
funding mechanisms are needed to specifically respond to the increasing necessity for
climate change induced relocation^ (Bennett et al. 2014:307). The living document could
be continually produced through documents uploaded to a portal, which could be hosted
by USGCRP, allowing for the ideas summarized in the Special Report and technical input
process to continue to evolve and develop. The document could provide input to federal
and regional agencies as they develop research plans and requests for proposals and serve

2 These ideas were shared at the Indigenous Peoples Climate Change Working Group (IPCCWG) meeting on
March 14–15, 2015 at the Southwest Indian Polytechnic Institute (SIPI), in Albuquerque, New Mexico.
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as a companion piece to another document containing relevant research questions, such as
those noted in Table 1. At the annual meeting proposed above, participants could evaluate
how well these needs are being addressed and submit their findings as technical input to
the NCA.

NCA3 was released online to increase its accessibility to a wider audience. However, a
solely online platform discounts those who lack Internet and computer access, which is the
case for a comparatively high percentage of Indigenous people. To increase accessibility of
climate information, federal science networks should inform Indigenous governments within
their regions about the NCA through presentations or direct communication with tribal
consortiums or individual tribal governments and leaders. Federal science networks should
also distribute printed copies of the NCA Overview and Highlights documents (http://nca2014.
globalchange.gov/downloads) to Indigenous communities, as well as videos that have been
produced related to the NCA. Some of the videos should be translated into Indigenous
languages to reach Indigenous peoples who do not speak English and who are often the
ones that primarily carry traditional knowledges and pass sustainable practices to the next
generation.

Furthermore, the globalchange.gov portal could include a means for communities to submit
not only climate-related data as technical inputs, but also specific research and support needs.
A well-publicized mailing address should also be provided for submissions from those who
lack Internet access.

3.6 Honor and recognize the value of traditional knowledges

It is essential that the value of traditional knowledges be honored and recognized, and what is
sacred to Indigenous communities and knowledge holders be protected. Future climate
assessments and scientific studies should reference traditional knowledges as well as Western
science, while respecting the right of tribes and Indigenous peoples to hold their traditional
knowledges confidential.

Table 2 Suggestions for agencies and researchers on how to most effectively partner with Indigenous
communities

Work through trusted and respected regional and sectoral Indigenous networks and organizations to connect
to local Indigenous communities. Some such networks include the Institute for Tribal Environmental
Professionals, Alaska Native Science Commission, Alaska Native Tribal Health Consortium, Pacific
Northwest Tribal Climate Change Network, Intertribal Council on Utility Policy, Indigenous Peoples
Climate Change Working Group, Rising Voices, Shifting Seasons, Indian Nations Conservation Alliance,
and others.

Build partnerships between Indigenous and non-Indigenous agencies and researchers and maintain
communication over the long-term, in a sustained relationship.

Ensure that Indigenous communities’ governments or councils have knowledge of, and approve
of research that directly impacts their community.

Research should be done with, not on or for, Indigenous communities.

Indigenous peoples should be co-investigators and lead the management of project objectives and resources.

Tribal informed consent forms, research guidelines, and a statement of purpose should be established and
agreed to that include the research methods and objectives and how traditional knowledge will be
protected in the research process, findings, and outcomes.

Allocate funding and technical resources for Indigenous communities’ capacity building that increases the ability
of Indigenous communities to directly engage in climate change research and assessments.
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The most recent IPCC Working Group II report concluded that traditional knowledge must
be included when considering climate change adaptation (IPCC 2014). As stated by the
Technical Summary,

Indigenous, local, and traditional knowledge systems and practices, including indige-
nous peoples’ holistic view of community and environment, are a major resource for
adapting to climate change (robust evidence, high agreement). Natural resource depen-
dent communities, including indigenous peoples, have a long history of adapting to
highly variable and changing social and ecological conditions. But the salience of
indigenous, local, and traditional knowledge will be challenged by climate change
impacts. Such forms of knowledge have not been used consistently in existing adapta-
tion efforts. Integrating such forms of knowledge with existing practices increases the
effectiveness of adaptation. (Field et al. 2014:87)

Much of the knowledge about climate change impacts experienced by Indigenous
peoples and their mitigation and adaptation strategies exist in oral tradition. A great deal
of this information, particularly the observation of changes and how to adapt, is relevant for
both Indigenous and non-Indigenous communities. Traditions other than Western scientific
modes of expression need to be respected and considered as valid. Indigenous contributors
to the NCA need to be able to tell stories from their communities in a culturally appropriate
way that utilizes storytelling and does not derive solely from a Western, scientific
perspective.

An ad hoc workgroup of tribal scholars, tribal leaders, and others developed a publication
(CTKW 2014) in response to a call by the Department of Interior Advisory Committee on
Climate Change and Natural Resource Sciences to increase understanding about the role of
and protections for traditional knowledges in climate change initiatives. The publication
suggests guidelines for considering the significance of traditional knowledges in relation to
climate change and discusses the potential risks to Indigenous peoples in the US from sharing
these knowledges in federal and other non-Indigenous climate change initiatives. This article
deliberately uses the phrase traditional knowledges throughout the publication because knowl-
edges are emergent from the symbiotic relationship of Indigenous peoples and places —a
nature-culture nexus (CTKW 2014). The use of knowledges is intended to emphasize that there
are diverse forms of traditional knowledge and knowledge systems that must be recognized as
unique to each tribe and knowledge holder.

One of the greatest challenges in gathering technical input for the NCA was determining
what “science” and what “knowledge” would meet the Data Quality Act requirements (see
White House Office of Management and Budget 2002) to which all government-approved
reports are held. More subtle, but no less difficult, was the challenge of getting experts trained
in Western scientific procedures and standards to see the value and contribution of traditional
non-scientific ways of knowing and honoring their importance. Technical input must include
significant peer-reviewed literature. Yet much of the knowledge held by Indigenous peoples is
traditional knowledge, uniquely Indigenous ways of understanding, defined differently by
each tribe and each knowledge holder.

Sharing traditional knowledges in a national context is not always culturally appropri-
ate and may put sacred knowledge at risk (CTKW 2014). And yet, traditional knowledges
do inform Indigenous ways of understanding climate change impacts and adaptation
solutions in a way that should be recognized and brought to bear on efforts such as
the NCA.

Climatic Change (2016) 135:111–126

123Reprinted from the journal



4 Conclusion

While the NCA is a scientific document and does not make policy recommendations, it is a key
document that policymakers turn to for formulating policy proposals related to climate change.
Already facing the impacts of a changing climate, Indigenous leaders and communities should
have their voices heard in this process, building upon their engagement and initiatives in
international forums, such as the IPCC report highlighted above. Indigenous knowledges, ways
of knowing, and worldviews must be respected. Incorporating Indigenous ingenuity, or
BIndigenuity,^ and traditional knowledge systems in climate assessments and other efforts help
to democratize these national and international processes (Wildcat 2009, 2013).

Climate change-related information shared by Indigenous communities in the US must
continue to be not only included, but also expanded upon for the NCA to be truly compre-
hensive. This will require more work but will make the NCA a more compelling and complete
document. Inclusion in the sustained NCA process could be tremendously beneficial in
supporting Indigenous communities’ needs regarding climate change.

A sustained NCA process would provide a key opportunity to bring together Indigenous
leaders and practitioners, Indigenous elders, tribal college and university faculty and students,
national and international Indigenous and non-Indigenous scientists and scholars, government
agencies, and research organizations. This confluence will strengthen the voice of Indigenous
peoples in the US on issues related to climate change and will contribute to the development of
adaptation solutions at this critical moment.
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Abstract Coastal areas are on the front lines of the impacts of climate change. The
immediate impacts of temperature, precipitation and sea-level change affect rich but
already threatened ecological systems and the most populated, highly developed, and
economically vibrant regions of human activity on the planet. The specific vulnerabil-
ities, impacts and adaptation options and activities vary greatly across the coastal areas
of the US. The charge given to the coastal chapter team of the third US National
Climate Assessment (NCA3, released in May 2014) was to discern the key vulnerabil-
ities and most important cross-cutting concerns across the extensive coastline of the
US. This paper is a reflection on what the coastal chapter team accomplished and how
it was done (including author selection, staff support, technical inputs, the chapter
development process, within- and cross-chapter integration, the review process, the
delivery and high-impact release, the timeline of key assessment steps, and evaluation
of the chapter development process). It concludes with eight lessons that might inform
the activities of future collaborative author teams writing transdisciplinary, integrated
assessment reports.
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1 Introduction

Coastal areas are on the front lines of the impacts of climate change. At the crosshairs of
climatic changes occurring over land and those occurring over and in the oceans, coastal areas
are increasingly experiencing the direct physical impacts of changes in temperature, precipi-
tation and run-off, sea-level rise, coastal storms, and the changing physical, biochemical and
ecological conditions of the oceans. While non-climatic pressures such as population growth,
urbanization, pollution, conversion of land cover/use, and land subsidence are still often the
dominant drivers of coastal change today, further sea-level rise, ocean acidification, and coastal
temperature changes will combine with these existing pressures to create increasingly difficult
challenges for coastal communities (Moser et al. 2014; Wong et al. 2014).

The charge given to the coastal chapter team of the third US National Climate Assessment
(NCA3) was to discern – in a concise (8-page), multi-disciplinary, integrated assessment – the
key vulnerabilities and most important cross-cutting concerns and adaptation activities across
the extensive and varied coastline of the US, ranging from the tropical island shorelines of
Hawaii and affiliated island states in the Pacific and the Caribbean, to the Arctic shores of
Alaska; and from the coasts of the Pacific, Gulf of Mexico and the Atlantic, to the shorelines of
the Great Lakes (Fig. 1).

This paper reflects on what the coastal chapter team accomplished and how it was done
(Sections 2 and 3), as well as what larger lessons might be drawn to inform the activities of
future collaborative teams developing transdisciplinary, integrated assessments in the US and
elsewhere (Section 4). Several other contributions to this Special Issue on the NCA3 offer
insights into the development of other NCA3 chapters (e.g., Maldonado et al. (indigenous
lands and resources), Grimm et al. (ecosystems), Moss (decision support)), revealing how the
task of conducting an integrated assessment was approached by different author teams. The
purpose here is thus not to convey the superiority of one particular approach, but to point to
key procedural choices that helped accomplish the challenging task of delineating and
communicating policy-relevant findings for US coastal managers, policy-makers, and stake-
holders. We highlight how these choices differ from those made in other coastal assessments
with which we are familiar to inform future assessors wishing to build on the accomplishments
of the NCA3.

Fig. 1 US Coastal Regions
Included in the NCA3 Coastal
Chapter (Source: base map
adapted from Wikimedia
Commons)
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2 Process and outputs: developing the coastal chapter’s key messages

2.1 Author selection

A critical first step was the selection of the author team. NCA leaders had proposed the authors
of this article as convening lead authors (CLAs) for the chapter, a choice partly motivated by
our long-standing work in the coastal (adaptation) science and management arenas. Susanne
Moser also served on the assessment’s National Climate Assessment Development and
Advisory Committee (NCADAC) and its Executive Secretariat. Margaret Davidson was then
the director of NOAA’s Coastal Services Center and co-author of a critically important
underlying input document (Burkett and Davidson 2013). While the CLAs had known each
other for about 20 years, we had not worked together on a project of this magnitude before.

The CLAs had discretion in proposing their team, though the final selection of authors
required approval of the NCADAC because they had legal responsibility under their charter for
the development of the NCA. Table 1 lists the formal (NCADAC) and informal (CLA-chosen)
selection criteria. We considered the formal criteria minimal conditions that had to be met.
Other critical considerations were whether the team would work well together, could deliver
on time, and would be viewed as credible and legitimate by potential users of the assessment
(i.e., we needed people with impeccable scientific and extensive experience in real-life coastal
management). Thus, we weighed the informal criteria heavily, and they were critical to our
collaborative success.

The resulting team (Paul Kirshen [University of New Hampshire], Peter Mulvaney
[Skidmore, Owings & Merrill LLP], James F. Murley [South Florida Regional Planning
Council], James E. Neumann [Industrial Economics, Inc.], Laura Petes [NOAA] and Denise
Reed [The Water Institute of the Gulf], in addition to the CLA’s) was evenly gender-balanced
and included both seasoned and more junior experts. The team covered all necessary disci-
plinary expertise, and collectively had experience with all US coastlines. All team members
had extensive experience working directly with coastal managers at local, state and federal
levels – as managers themselves or as consultants and advisors – and all had had some
experience working on other assessments before the NCA3 (e.g., local or regional assessments,

Table 1 Formal and informal criteria guiding author selection

Criteria guiding author selection

Formal (given by NCA
leadership)

• Professional expertise working on coastal climate change issues

• Representation of US coasts and/or experience working in different coastal
environments/region

• Mix of disciplinary backgrounds (engineering, economics, geomorphology,
ecology, governance/law, social science)

• Balance of gender

• Balance of senior/highly experienced and more junior individuals

Informal (CLAs’ additional
criteria)

• In touch with the reality of coastal managers/coastal adaptation challenges

• Understanding of what an assessment is, how it is done

• Ability to think interdisciplinarily and work transdisciplinarily

• Availability and willingness to commit to intense volunteer work

• Familiarity, respect, professional and personal connection
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previous US National Assessments). This Breal-world^ experience was a critical advantage
given the assignment to produce a chapter that was relevant to decision-makers. Several
authors worked simultaneously on the IPCC Fifth Assessment. Despite the volunteer nature
of the assignment, all of our first choice authors committed to several intense months (and
ultimately two and a half years) of work.1

2.2 Staff support

Another crucial element of our process – and success – was highly competent staff support.
Margaret Davidson detailed two staff members to assist the entire assessment development
process. Both had previously supported the development of the Coastal Technical Input Report
(Burkett and Davidson 2013) and thus were steeped in the material and process. Another
chapter author, Laura Petes, had previously provided support to the Oceans Technical Input
Report and was well integrated with the NCA coordination office team.

In addition to the NOAA staff, the NCA coordination office assigned staff to each chapter,
including ours. Those served as chapter liaisons over the 2.5 years from beginning to end of
the chapter development. Additional help came from two highly effective Chiefs of Staff at the
NCA; two seasoned professional editors; and additional staff from NCA and NOAA’s
Technical Support Unit who helped with graphics. Because of our independent staff support,
the coastal chapter team relied less on substantive help from the NCA coordination office than
some of the other chapter teams. However, even with one CLA’s direct knowledge of NCA3
guidance and internal procedures via membership on the NCADAC and its Executive
Secretariat, the NCA staff support was important for the specific technical assistance provided,
and for staying abreast of changing guidance to author teams, shifts in timelines, and overall
coordination.

2.3 Technical inputs

One of the notable innovations in the NCA3 was its broad engagement of experts and
stakeholders from outside the immediate assessment development apparatus (i.e., the
NCADAC, NCA coordination office, author teams, and Federal agencies; see Buizer and
Jacobs, and Cloyd et al., this issue). This engagement took many forms, but importantly
involved a call for outside input in the form of BTechnical Input Reports^ (TIRs) and
Bassessment capacity^ via Federal Register Notice (FRN 2011–17379; DOC 2011) and other
communication vehicles. The FRN was released 6 July 2011, and inputs were requested by 1
March 2012 for full consideration by the author teams. This unprecedented request for data
and reports from the public sent a signal that this NCA process was more open to new sources
of information than previous processes.

Once the NCA coordination office had sorted through the material that was uploaded to the
website – a total of 534 TIRs – the coastal team received those that were pertinent to its
geographic and substantive focus. About 15% (or 79 discreet documents) were of coastal
relevance. These documents included 17 sectoral and regional reports, including the coastal

1 There is a significant difference in burden on authors depending on their employment status: for full-time,
salaried individuals participation in an assessment effort does imply extra work and personal sacrifice while for
soft-money researchers and consultants, participation means actual salary loss. Thus, authors must carefully
assess their ability to commit to the required amount of work.
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TIR previously mentioned that had been commissioned through federal agency activities; the
remainder constituted input that may not otherwise have been discovered by, and included in,
the assessment.

Of the 79 reports, the vast majority (89%) were scientific papers/reports/journal articles.
The remaining nine documents included lists of references to other reports, news articles,
factsheets, position statements, etc. The TIRs had been authored primarily by federal and state
government employees, academics, technical consultants, but also by some NGO or private
sector experts (e.g., EcoAdapt, Rand, Zurich Financial Services), and representatives of tribal
groups.

The coastal team reviewed this input prior to the first in-person meeting. In the final
assessment chapter, many of the documents were cited, and all are available via the NCA
website along with other underlying documents and data (http://www.globalchange.gov/
engage/process-products/NCA3).

2.4 Scoping meeting, ongoing team interactions, and the development of the key
chapter findings

One month after receipt of the TIRs, the author team came together for one full-day meeting to
develop the outline of the coastal chapter (with additional time for team members to get to
know each other). This one-and-only in-person team meeting had five principal goals:

(1) To build a team (none of us knew all other members prior to that first meeting);
(2) To develop a clear understanding of the assessment task;
(3) To delineate a storyline for the coastal chapter, including the identification of Bkey

vulnerabilities^ that would be featured in this short national synthesis;
(4) To create a working understanding of the key guidance given to all NCA chapter teams

(e.g., on risk framing, vulnerability, communication of confidence and uncertainties,
traceable accounts of our decision process); and

(5) To develop a detailed chapter outline (including initial ideas of supporting graphic
material), assign writing tasks, and agree on a timeline.

A cross-cutting goal for the meeting was to foster an all-hands-on-deck, collaborative spirit,
a respectful, dialogic working style, and an interdisciplinary, practice-relevant conversation
that was aimed at higher-order thinking and integration across disciplines and regional
experiences, rather than domination by any one issue, discipline, coastal setting, or individual.

Through a series of round table discussions, CLA explanations of NCA guidance, and
World Café-style engagement (Brown et al. 2005; The World Café 2005), the team developed
working drafts of four out of its eventual five key messages. These were identified through an
interactive discussion within the team that drew from the collective expertise and experience,
new and important insights since the last National Climate Assessment (Karl et al. 2009), the
coast-relevant TIRs, and other scientific literature.

The identification of key vulnerabilities was aided in important ways by an intuitive
translation of the NCA guidance on risk framing (NCADAC 2012). It defined a Bkey
vulnerability^ as a potential impact that Bcould be of such high consequence for society that
stakeholders consider them to be ’key vulnerabilities’^ (p.1). Such a designation may result
from the impact’s magnitude, timing, persistence/irreversibility, limited potential for adapta-
tion, distributional aspects, likelihood, or other attributes (ibid.).
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For many authors, the technical guidance document was confusing, due in part to the
various uses and definitions of risks, vulnerabilities, and impacts in different academic fields
and practice. To convey its meaning and intention, the CLAs suggested an entry into the
discussion through several questions: Bwhat keeps you up at night?^; Bwhat do you see as the
Achilles’ heel of coastal management in the face of climate change?^; or Bwhat are the key
challenges or outcomes that potentially threaten the fundamental structure and functioning of
the coastal system?^.

These questions helped to elicit chapter authors’ key concerns, which were the starting
points for deeper explorations of the three basic dimensions that determine a system’s
vulnerability (e.g., Cutter et al. 2003; Eakin and Luers 2006; Turner 2010). These key concerns
and their underlying drivers were then mapped onto the formal definitions of vulnerabilities
and risk (Fig. 2).

Figure 2 served as a boundary object that enabled experts from different disciplines
and practical contexts to communicate with each other more easily than would have
been possible otherwise. Each identified key concern was traced back through the key
components of vulnerability: (1) exposure to potential climate-driven threats (e.g.,
changes and extremes in temperature, precipitation, storms, and sea level); (2) con-
current non-climatic stressors, which typically affect the sensitivity of a system; and
(3) adaptation (including options, costs, capacity, constraints, and the state of imple-
mentation). The probability of the exposure component was estimated and expert
judgment on trends in concurrent, non-climatic stressors and on the various aspects
of adaptation all influenced the identification of key vulnerabilities.

After this initial identification of key vulnerabilities (focused on infrastructure and lifelines
enabling coastal communities’ functioning; differential social vulnerabilities; the coastal
economy; and the conditions of coastal ecosystems), each was discussed in detail, bringing
everyone’s disciplinary and practical/management perspectives to bear.

Following the in-person meeting, the team met almost weekly by conference call to
carefully assess the key issues identified. Various authors took the lead on writing about at
least one of the key vulnerabilities, solidly anchoring them in the extant literature. Iterative
team work on draft sections of the chapter resulted in the truly interdisciplinary treatment of

Fig. 2 Simplified Risk Framing Used in the Coastal Chapter (explanation in text) (Source: S. Moser)
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each issue. In addition, regional examples and empirical data were integrated to flesh out each
section, illustrating how these vulnerabilities were already emerging in US coastal communi-
ties today (not just in a distant future). Out of these discussions emerged the need to have a
fifth key message, namely a cross-cutting one about the state of adaptation in coastal America.

Early consideration of the key messages and accompanying iconic graphics allowed us to
draw on many additional outside contributors. For example, the Federal Highway
Administration helped us develop a graphic showing coastal-inland transport of goods. In
the case of social vulnerability in coastal areas, an EPA-led study (Martinich et al. 2012) had
previously only covered selected US coastal areas. As social vulnerability rose to the top as
one key finding of the chapter, an intensive effort was launched to update the underlying
science and produce a consistent assessment of social vulnerabilities along all US coasts.
Similarly, Thieler and colleagues at the US Geological Survey had completed a probabilistic
assessment of shoreline change for some US coastlines. The prospect of being featured in the
NCA3 encouraged them to finish their research for all US coasts (Gutierrez et al. 2014). Help
also came from non-governmental sources: to provide a synopsis of climate change risks along
with a range of adaptation responses from every coast, we approached academic experts and
local, state, federal and tribal coastal managers in every region for examples, graphics, text,
background material, and review to ensure accuracy. A considerable amount of work thus went
into producing these graphics – often the most important elements for cursory readers.

These integrated products exemplify the benefits of truly interdisciplinary team work which
advanced the state of knowledge far beyond that of any individual expert (see Jacobs and
Buizer, this issue) towards enhanced understanding of both impacts and adaptive capacity.

2.5 Within- and cross-chapter integration and review process

Cross-chapter conversations were an essential aspect of ensuring consistency and accuracy,
limiting redundancy, and integrating knowledge across sectors. Internal staff support was
critical to this cross-chapter harmonization. NCA staff helped identify and reconcile repetitious
or inconsistent material. In some instances, material that was better placed in one or another
chapter was exchanged among chapters. Regional and sectoral expertise improved the robust-
ness of chapter findings, and helped in the mutual reinforcement of carefully crafted messages.

Once the cross-chapter conversations were completed, the CLAs and internal support staff
played a key integrative role in stringing the chapter sections together, harmonizingwriting styles,
and ensuring adequate backing from the literature. Multiple rounds of reviews further refined and
improved the draft, including reviews from the Executive Secretariat, the NCADAC, the public,
federal agencies, and a National Research Council (NRC) Review Panel. Once all of these
comments were addressed (with every comment documented along with a response from the
authors), a review editor evaluated the adequacy of the chapter team’s responses. In several
instances, this process resulted in additional revisions to ensure an adequate response. In some
cases this required further collaboration with partners to fill key data gaps (e.g., from the National
Flood Insurance Program). Once the chapter was nearing completion, additional detailed agency
reviews, polishing with the help of the technical editors and, finally, a review from the White
House (Legislative Referral Memorandum review),2 adjudicated by the Executive Secretariat
with the chapter authors, resulted in the final text (Fig. 3).

2 This intense review process involving federal agencies and the White House is common procedure for all high-
impact Federal Advisory Committee reports intended for adoption by the government.
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2.6 Electronic delivery and high-impact release

On 6 May 2014 the Third National Climate Assessment report was approved by the
NCADAC, accepted by the US government, and then released by the White House. In addition
to White-House-generated media work, outside groups contributed in important ways to the
high-visibility press coverage (Cloyd et al., this issue). Press conferences, a White House event
with high-level officials, stakeholder calls, President Obama’s interviews with TV meteorol-
ogists, ongoing press work for days following the release, and Congressional briefings were all
part of the roll-out. One of the CLAs of the coastal chapter (SM) had the privilege of
participating in the White House event with other NCA authors and administration officials
(see: http://www.c-span.org/video/?319224-2/white-house-unveils-climate-assessment-report),
and thus was able to bring attention to the coastal chapter.

The NCA3 was the first major assessment released electronically. Considerable work had
gone into making this electronic version highly attractive, easily navigable, and readily
accessible and linkable to other social media platforms (Facebook, Twitter). These innovations
made the NCA3 publically accessible in unprecedented ways.

In addition, through an independently funded effort by The Story Group, findings of the
assessment were also highlighted in freely available and widely advertised videos (see: www.
vimeo.com/channels/nca). Some videos highlighted chapter findings and featured participating
CLAs (BScientists on the Frontlines of Climate Change^); others featured well-documented
impacts experienced across the country, featuring individuals not involved in the assessments
(BAmericans on the Frontlines of Climate Change^). The coastal chapter video introduction
was one of 10 videos released alongside the report in Mary 2014; eight additional ones have
been made available since.

2.7 Chapter development timeline

The development of a first full draft of the chapter took approximately six months from the
announcement of the chapter team, and a refined chapter ready for public review within one

Fig. 3 Timeline of Chapter Development Notes: FRN RFI: Federal Register Notice Request for Information;
CLAs: Convening Lead Authors; LAs: Lead Authors; NCA: National Climate Assessment; NCADAC: National
Climate Assessment Development and Advisory Committee; NRC: National Research Council
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year (Fig. 3). While this may sound ample at first glance, a politically significant, fully
integrated, 30-chapter national assessment requires multiple rounds of integration, fact
checking, and internal review prior to release to external scrutiny. Thus, the actual preparation
of the draft was accomplished in four months, with the remainder of that first year used for
cross-chapter harmonization, internal review, and editing. Following the 90-day public review
period and the review from federal agency experts and the NRC review panel, authors spent
the second year in variably intense periods of responding to reviews, internal coordination, and
harmonization. The final assessment development period involving White House review was
largely delegated to the NCADAC’s Executive Secretariat, but involved repeated checking in
with chapter experts to ensure accuracy and full consensus on contents and wording.

Given the high policy-relevance of national assessments, there is little possibility for
altering key, legally required steps in this process (e.g., public, NRC, agency and White
House review). Staffing, author appointments, and larger procedural choices (such as
requesting public input through an FRN) impose their own timing constraints. With the legal
requirement of producing national assessments every four years, delays in author appoint-
ments, staffing, or process decisions inevitably affect the time remaining for the actual chapter
development. Given the work involved, it is difficult to imagine a more compressed chapter
and NCA development schedule unless NCA leaders were to resort to assessment processes
that largely exclude public input and involvement. The only realistic way to give chapter
authors more time for the actual content development is to start earlier after completing a
previous assessment, or to sustain key elements of the assessment apparatus, so as to minimize
ramp-up times (Buizer et al., this issue).

2.8 Evaluation

The NCADAC, NCA leadership and staff viewed evaluation of the assessment process and
outcomes as a commitment to learning and improvement within the larger Sustained
Assessment process (Buizer et al. 2013; USGCRP 2014). However, no independent, external
evaluation has been launched to date. To capture immediate feedback before the author team
dispersed, the CLAs of the coastal chapter developed a brief survey to request feedback from
the lead authors as a way to capture the experience. While responses were not anonymous or
shared with an independent evaluator, trust and respect within the team were high and authors
were encouraged to speak frankly so that future assessments could be improved as necessary.
Five of the six lead authors filled out the survey, the remaining responded informally. Web
downloads and media coverage are also summarized below as a first indication of interest in
coastal assessment findings.

2.9 Summary of unique traits of the coastal assessment

Key features make the NCA3 coastal assessment different from others we are familiar with
(state, regional, previous US, and IPCC assessment efforts). They include the diverse compo-
sition of the author team involving academic and non-academic experts as well as coastal
practitioners, and the rather unusual chapter leadership by a social scientist and a legal expert
and policy-maker; a request for public submissions of TIRs at the outset of the assessment; the
organization of the assessment around key vulnerabilities; the risk-based framing of these
critical concerns; the transparent documentation of author choices in traceable accounts; and,
through the iterative rounds of review, the elicitation of original research to fill key topical or
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regional gaps in understanding. Sophisticated electronic delivery and a related video, as well as
intensive release and extended outreach efforts aimed to make the chapter (and NCA3 as a
whole) more accessible than previous assessment products. Great emphasis was placed on
team building, consensual framing, truly interdisciplinary assessment of the state of knowl-
edge, and transparent decision-making regarding contents, wording, and levels of confidence
on key findings.

3 Preliminary findings on coastal chapter reception and feedback
on the development process

3.1 Chapter viewings, downloads, and media coverage

Due to the lack of an independent external evaluation of the coastal chapter’s reception and
utility in decision-making, little can be said to date about actual reach and uses of the document
and related products. However, some data exist that are indicative of the interest in the chapter
among assessment audiences. For example, between the release of the NCA (May 6, 2014)
and January 28, 2015 (8.5 months), the full NCA3 report was downloaded 496,677 times from
http://nca2014.globalchange.gov (data provided by USGCRP). In addition, the much shorter
Highlights document was downloaded 47,746 times. Web analytics allow a more detailed
breakdown: a total of 63,768 website visitor sessions with the 30 chapters were recorded. Of
these, 28% were with the climate science chapter alone. Seven of the 10 most visited chapters
were regional chapters (all of which contained a coastal focus); only two were sector-focused
chapters (human health and agriculture). The full coastal chapter ranked 16th in web visitor
sessions, 19th in individual chapter downloads, and 17th in web visitor sessions with the
coastal segment of the report Highlights document.

With web traffic providing one indication of interest in the coastal chapter, media
coverage of coastal assessment findings offer another. However, quantitative data on
media coverage of the findings from the coastal chapter are not easy to provide. While
NCA staff systematically track all assessment-related media coverage, numbers for
citations per chapter are not available. Many news stories that quote NCA3 do not
necessarily call out a particular chapter, so it is unclear whether reporters draw on the
overview document, the climate science or coastal chapter or on findings from any one
of the regions (all of which cover coastal concerns). However, a number of examples of
news stories that call out coasts or sea levels is provided in Supplementary Material 1.
According to the NCA’s Engagement and Communications Coordinator, about 2,000
news stories were generated in the first week after the rollout (Cloyd et al., this issue),
and Balmost every story at the release used coasts as one of their primary touch points
in reporting the effects of climate change on the US^ (pers. comm.).

Finally, viewings of the videos produced to provide visual entries into the assess-
ment could be tracked at the site where they were posted (Table 2). The comparative
basis is limited to the 14 chapters and 4 additional climate impacts stories for which
videos were produced. The videos were made freely available for download, so it is
impossible to track how many additional times individual videos have been viewed
from secondary sites (e.g., news sites, blogs, in classrooms). The numbers in Table 2
are thus only indicative of public interest in particular sections and findings of the
assessment. Nevertheless, the coastal video is the most frequently viewed of the 14
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chapter videos to date and the second most viewed clip of all 18 (after one featuring
oyster farmers in Washington State struggling with the impacts of ocean acidification
on their business, an issue primarily delegated to the oceans chapter).

Future evaluations will have to illuminate how this interest in coastal chapter findings has
translated into various uses in public policy, coastal management, and educational and
outreach efforts.

3.2 Authors’ evaluation of the chapter development process

A first-order internal evaluation was undertaken to capture immediate lessons about
the deliberate procedural choices made and approaches used in developing the coastal
chapter. This was thought to be important as feedback to the NCA3 leadership and to
future assessment designers and leaders. Chapter authors were asked about their
reasons for joining the assessment effort; composition of the author team; level of
effort; the usefulness, frequency, and contents of the in-person meeting, teleconfer-
ences, and email updates; virtues and shortcomings of the final product; overall
experience of the team collaboration.

Regarding the decision to join the assessment effort, authors wanted to be part of the
process, Bnot sit on the sidelines,^ and Bdo something useful.^ Being part of a high-caliber
author team, having an opportunity to learn, being part of a highly-visible, credible publication
were also important draws. Notably, non-academic chapter authors appreciated the opportunity
to contribute their practical experience and perspective, and to learn from and get closer to the
climate science.

Generally, authors thought that good disciplinary breadth had been achieved, but there
was less confidence that regions were treated evenly. While the voices of practitioners

Table 2 Viewing of video introductions to the NCA3

Sientists on the frontlines
of climate change series

Americans on the frontlines
of climate change series

Chapter Viewings Chapter Viewings

Coasts 3,563 Oyster farmer in WA 5,436

Hawaii & Pacific 3,040 Firefighter in CO 2,613

Southwest 2,392 Rancher in TX 1,899

Oceans 1,377 Farmer in IA 1,201

Alaska 1,351

Agriculture 1,149

Health 1.113

Water 758

Indigenous peoples 569

Climate science 372

Mitigation 263

Rural communities 259

Adaptation 216

Southeast 153

Data retrieved from www.vimeo.com/channels/nca on 7 July 2015
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were influential in discussions, the writing burden remained largely on the more research-
oriented team members. A suggestion was made to include someone from the develop-
ment community on future assessment teams.

Authors felt the amount of work asked of them was more or less as expected and
appropriate despite the intensity of demands on their time during certain periods. While
contributors had relatively narrowly defined assignments, the framing and integrative work
of the CLAs was essential for guidance and flow.

The in-person meeting was seen as essential for team building and for shaping the
overall frame for the chapter. Several authors would have appreciated either a longer or a
second meeting to deepen the joint work (but no resources were available for a second
meeting). Due to time constraints, one felt the identification of key messages was too
rushed, while others appreciated the early focus and development of a blueprint that guided
all subsequent work. Similarly at odds were comments about the team conference calls and
email updates: some viewed them as too frequent, others appropriate; some would have
wanted more time for contents discussion, while others viewed them as necessary and
helpful for exchange and staying abreast of NCA developments. While email updates on
NCA procedures, developments, and chapter work were welcomed by some, others felt
they did not sufficiently bridge the distance between the central NCA operation and those
actually writing the report. There appeared to be no simple formula of how to strike the
right balance between sheltering author teams from ongoing internal debates and shifts in
procedure and yet keeping them informed of essential developments.

Overall, chapter authors were proud of the work they produced and felt the process
led them as efficiently and effectively as possible to the final product. To them, the
NCA3 assessment process was a worthwhile endeavor and was judged as more effec-
tive than participating in the IPCC or other assessments. While some wished the
chapter had made even bolder statements, all were comfortable with the take-home
messages. Some suggested a greater focus on pragmatic adaptation options would have
improved the chapter.

Everyone noted that they learned from the process, and appreciated the leadership,
procedural choices, and staff support. Most had not worked with each other prior to this
assignment, and the NCA3 encounter resulted in several collaborative projects since. The
shifting guidance throughout the chapter development, the amount of unpaid work, and
the lack of clarity about how to produce the traceable accounts created frustration,
pointing to the need for efficient learning so as to minimize these problems in future
assessments.

4 Key lessons learned and conclusions

The coastal chapter CLAs brought a range of perspectives and experiences to this
assessment, having previously studied, observed, formally evaluated, and/or served in
various capacities in other assessments (as contributing or convening lead authors, re-
viewers, and review editors). Together with our expertise, these insights shaped our
leadership style and vision for the process and product. While individual procedural
choices and approaches we used may not be unique, in our experience they are uncom-
mon. More important, however, is the question of whether Bthey worked.^ Based on the
feedback from our author team, and reflections between us and our staff, we distill eight

Climatic Change (2016) 135:127–141

138 Reprinted from the journal



lessons that transcend the unique needs and challenges of a US national assessment and
thus may have broader applicability.

Lesson 1 Competent, diverse assessment teams should include Bboundary^ and practitioner
experts.

An assessment that covers diverse regional issues, involves different sets of
expertise, should be relevant to decision-makers and be solutions-oriented, and that
must be delivered in a short period of time requires a multi-skilled team. The
criteria for selecting the author team, particularly the informal ones (Table 1),
proved singularly important for shaping the Bright^ team for the task at hand. The
critical innovation in this assessment was the inclusion of science-policy
Bboundary^ workers and practitioner experts. Equally important was the time
and resources spent in bringing authors together and fostering a collaborative,
interdisciplinary spirit as a basis for the joint work. The positive reflections on the
team work, the emerging collaborations beyond the assessment, and the willing-
ness to do it again speak volumes of the importance of Bthe right people^ involved
and the emphasis placed on process and team-building. Thus, while products and
processes have long been recognized as essential for effective assessments, choos-
ing the right people may be the ultimate secret to success.

Lesson 2 Chapter leadership must have a direct link to the overall assessment leadership.
A complex, large assessment with numerous individuals in influential

positions, and hundreds of others contributing their insights and ideas –
even if lead competently and diligently – requires clear guidance, constant
adjustments, careful attention, and meticulous coordination. It served the
coastal team in crucial ways to have one CLA be close to these internal
processes and to communicate relevant issues, translate guidance, and keep
the author team abreast of developments. Anecdotally, other NCA3 chapter
teams that did not have this direct linkage to the NCADAC reported
greater confusion and disconnect, and less buy-in to the overall assessment
process.

Lesson 3 A compelling consensual framing early on enables an easier assessment process.
Clear, consensual framing of the key issues and overall story that the

assessment tells is essential for guiding the subsequent work, to keep inputs
focused, and to identify necessary graphic and analytical input in a timely
manner. Clearly, such an early framing should not become constraining and
thus must remain open to modification. But together with boundary objects
and common guidance, it proved to be a time-saving device and signaled to
authors where and how to contribute efficiently and effectively.

Lesson 4 Awareness of audience(s), purpose, and context help deliver a more accessible,
compelling and focused assessment.

The coastal chapter was one of many in a national assessment that
responded to a federal mandate, and thus had to speak to key
Congressional audiences as well as a broader national constituency.
Keeping the purpose, audiences, and context (of 29 other chapters, the
prevalent public conversation, and decision-making contexts of coastal man-
agers) in mind proved crucial in the choice of key vulnerabilities, in
importing or exporting certain text passages from or to other chapters, and
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in choosing language that is at once accurate, accessible, and compelling.
Having communication expertise and end users on the chapter team was a
crucial innovation in the NCA3 coastal chapter to help with these choices.

Lesson 5 Openness to and staff support for cross-chapter collaboration are a must.
The author team embraced the opportunity to collaborate not just with

each other, but with other chapters, and with outsiders who could provide
key information and data. This collaboration required a particular mind-set,
commitment, time, and transparency. Crucially, the staff support available
during NCA3 within the chapter itself and from the NCA central office was
invaluable in enabling effective cross-chapter coordination. These ingredi-
ents, we believe, resulted in a richer story, more robust findings, greater
engagement from outsiders, and ultimately increased receptivity from the
audience.

Lesson 6 Commitment to a chapter vision is equally important.
The willingness to collaborate, compromise where necessary, and stay open

to others’ views, needs, and comments must be balanced with a willingness to
defend one’s vision, knowledge, and team. The chapter was refined over the
course of at least 12 rounds of within-team, across-chapter, NCA-internal, and
external review, making it more complete, more reliable, and more readable.
But chapter authors and CLAs also defended the overall storyline that had
emerged from a dialogue between academic and practitioner experts with their
relevant disciplinary and management expertise.

Lesson 7 Given needs and constraints, the success of assessments hinges on people.
Most assessments are highly complex and largely unpaid efforts, conducted

under inevitable time pressures, within unavoidable institutional constraints,
and with an unrelenting demand to deliver a product that scores high –
simultaneously – on scientific credibility, practical saliency, and procedural
legitimacy. These constraints leave little room for changing the sequence and
timing or for skipping key elements involved in conducting an assessment. To
deliver successfully requires strong leadership, openness to learning, and a
deep reservoir of collegiality, creativity, and team spirit, and fostering it in
team meetings, calls and other direct interactions should be a top priority for
all assessment leaders.

Lesson 8 External evaluation is essential to support the sustained assessment.
Whether or not the innovative approaches used in developing the NCA3

coastal chapter not just enabled a better assessment experience, but resulted in
a more user-friendly, accessible, and influential product could not be
ascertained by the author team. An independent, external evaluation is needed
to answer the ultimate question of all assessments: did it make a difference in
the world of policy-making and practice? Such an evaluation should generate
comparative insights from multiple chapters (or other assessments) to ascertain
how transferable these lessons are. Anchored as these are in the NCA3, as
well as in our work on other local to international assessments, however, we
believe they hold merit as Bhypotheses^ to be tested in future assessments.
Only when evaluation becomes viewed as a useful learning aid (rather than as
an effort in grading performance), however, can it provide continual strategic
support to the sustained assessment process.
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Assessing decision support systems and levels of confidence
to narrow the climate information “usability gap”
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Abstract This article focuses on the implications for the US National Climate
Assessment (NCA) of diversifying information needs to support climate change risk
management. It describes how the Third US National Climate Assessment (NCA3)
evolved to begin to narrow the gap between information from climate and impact
scientists and “intermediaries” (individuals who have expertise in climate science,
communication, and decision-support processes)—who are sometimes collectively
described as “producers” in this article—and the decision-making needs of a wide
range of “users” (individuals involved in advising or making a wide range of policy
and management decisions). One step in the evolution of the NCA3 included adding a
chapter to assess decision-support tools and systems being used in climate-related
decisions. Another involved efforts to improve characterization of the level of confi-
dence of NCA3 authors in their findings to help decision-makers and their advisors
differentiate well-established and more preliminary conclusions. This paper lays out an
argument for increasing the role of the NCA in assessing decision-support systems in
the Fourth Assessment (NCA4) and the Sustained Assessment. It also briefly reviews
approaches and potential next steps related to characterizing uncertainty and communicat-
ing confidence intended to improve application of assessment findings by decision-
makers.
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1 Diversifying information needs

The report produced by the Third US National Climate Assessment (NCA3) documents the
increasing number of impacts being experienced across sectors and regions of the USA and
projects that the pace of change and consequences for the nation will escalate (Melillo et al.
2014). “Billion dollar storms,” and increased frequency of smaller “nuisance” events, are
already motivating adaptation decisions (Bierbaum et al. 2014) and stimulating measures to
limit emissions (Jacoby et al. 2014). As a result, an increasing number of people need
information that enables them to understand the potential implications of climate change for
their businesses, livelihoods, property, communities, and the natural resources on which all of
these depend. Without such information, they are likely to make plans and investments that
result in systems that are not fit for purpose and leave them vulnerable to climate change, thus
increasing potential damages and threats to the health, safety, and prosperity of US citizens.

The report’s sectoral and regional chapters illustrate the many routine management, plan-
ning, and investment decisions that are being affected by climate change. Table 1 lists a sample
of major types of decisions that are being made in several sectors covered in the NCA3 report.

Table 1 Examples of decisions that could be affected by global change and benefit from access to existing
imperfect knowledge

Sector Decisions

Water resources • Planning reservoir capacity
• Managing water levels in the Great Lakes
• Improving drought preparedness

Energy • Planning peak demand loads
• Siting bioenergy plantations
• Expanding conventional energy production

Transportation • Engineering fixed-route infrastructure
• Increasing resilience of airports vulnerable to storm surge
• Managing flood risk to subway systems

Buildings and related infrastructure • Setting standards and design loads for structural safety (e.g., snow
loads for roofs)

• Sizing drainage systems and culverts
• Siting buildings and related infrastructure relative to flooding,

wildfire, or other hazards

Agriculture • Redesigning food processing and supply chains for improved
water and energy use efficiency

• Investing in agricultural technology development and diffusion
(crop varieties, post-harvest storage)

• Anticipating needs for food security early warning and disaster
management

Environmental conservation • Using coastal ecosystems sustainably to support tourism,
conservation, and fisheries

• Long-term planning and budgeting to manage wildfires
• Conservation planning to protect viable refuges with high potential

to preserve biodiversity

Human health • Establishing monitoring systems to track reemergence of familiar
disease threats or emergence of new ones

• Determining what public health investments are needed to manage
heat stress in indigent populations

• Monitoring changes in phenology to reduce exposure of sensitive
populations to increased allergens
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Looking across these decisions, they may be grouped into three broad categories. Public policy
includes decisions about laws, codes, taxes, or other public mandates that set the overall
regulatory framework in which public and private sector decisions are made. Asset manage-
ment decisions take place in many sectors and are related to administering resources, infra-
structure, or response mechanisms such as those intended to promote public health and limit
damages from extreme events. Infrastructure and resource planning about infrastructure and
natural resources concerns investments in or long-term plans for technologies, natural systems,
or communities. While overlapping, each of these classes of decisions has particular charac-
teristics including who is involved, duration of impact, the process used, and the type of
information required. This has implications for the NCA and requires an increasingly diverse
set of approaches to decision support.

These classes of decisions will require different types of decision-support systems to reflect the
varied content of emerging issues, the complexity of decision-making contexts, and the multiple
economic and societal interests affected. Lemos et al. (2012) identify a “usability gap” between
current approaches to disseminating information from climate science and the needs of decision-
makers. They observe that “narrowing the climate information usability gap” and “produc[ing]
usable climate information tomeet societal risk and adaptivemanagement needs” requires that “we
must rethink the ways in which we design and promote use-inspired basic and applied research
programmes….” Clearly, new approaches to assessment and decision support are needed.

Perhaps the most fundamental change to the NCA process that will facilitate closing the
usability gap is the adoption of a more fluid and interactive sustained assessment process that
would generate a broader set of products to support the increasingly diverse information needs
identified (see Buizer et al. 2015). A special report to the US government (“Preparing the
Nation for Change: Building a Sustained National Climate Assessment Process,” Buizer
et al. 2013) described and recommended an evolving framework for connecting scientists
and practitioners from the government, the civil society, the private sector, the tribal
communities, and other parts of society. The process envisioned decentralizing assessment
by moving beyond reports produced by the federal government to one in which localities
and organizations contribute to a broader range of assessed products to use in conducting
their own appraisals of the implications of climate change for their own interests. Some of
these products may be produced and disseminated from federal agencies, but others may
arise from the “bottom-up,” for example, when an non-governmental organization (NGO),
university, or consultancy adapts knowledge for a particular user in a way that can be
generalized and applied by others with similar problems or circumstances. The sustained
assessment shifts from production and transmission of scientific information through reports
to coproduction of scientific information with a much greater level of interaction among
decision-makers and producers of information. Transition to the Sustained Assessment will
both create an increasing supply of decision-support products as well as the demand for
more rigorous evaluation and assessment of these resources.

2 Evolution of decision-support tools and systems

Decision support refers to organized efforts to facilitate the use of knowledge to improve
decision outcomes (Moss et al. 2014). In the context of this article, I will differentiate between
decision-support tools and decision-support systems, noting that there is no broad consensus
on these definitions in the literature. Decision-support tools include databases, simulation
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models, maps, reports, and other science-based products that provide information. Decision-
support systems are knowledge frameworks that structure decision support processes (interactions
of producers and users of climate and impact science); frame information needs; access and
organize information; integrate information; inform judgments and preferences about options and
tradeoffs; and sustain communications. Decision-support systems add value to tools (the informa-
tion products) by providing interfaces or other approaches that assist the people or groups involved
to apprehend and use the information content of decision-support tools in decision-making.

Decision support systems are designed to help overcome cognitive, communication, or other
barriers and build shared understanding of the implications of scientific information for
decisions. They can help structure stakeholder engagement and improve synthesis of informa-
tion through approaches such as deliberative-modeling, cost-benefit analysis, and risk assess-
ment. The distinction between systems and tools calls attention to the importance of evaluating
both the information content and the approach used to facilitate the interaction of individuals or
groups with that content in the context of their decision-making. Usability of the information
provided by a decision-support system depends not only on the soundness of the basic science
for the intended use but also on the quality and effectiveness of the approaches for presenting
information and assisting participants to apprehend and workwith it. A decision-support system
must specifically account for the different capacities, preoccupations, perceptions, and needs of
its intended users, as well as the characteristics of the institutions in which they are working.

Decision-support systems can provide assistance at any of several stages of a decision
process. Figure 1 depicts a quasi-circular idealized adaptive decision-making process that
includes the major steps of (1) framing the decision and information needs, (2) discovering and
coproducing information, (3) integrating values, science, and other contextual factors, (4)
deciding and implementing, and (5) monitoring, learning, and reviewing decisions and
decision support (Moss et al. 2014). Decision-support systems can help to structure stakeholder
engagement in decision-making processes, clarify information needs, access and organize
information, integrate and analyze relevant factors to weigh tradeoffs or synergies, or structure
data collection and analysis to support monitoring and adjustment. Systems can draw on
knowledge and insights from a wide range of disciplines including engineering, business,

Fig. 1 Idealized adaptive
management decision-making pro-
cess. Decision-support systems
and tools can help participants
confront challenges associated
with each of these stages of deci-
sion-making
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economics, statistics, psychology and other social and applied sciences, climate science,
hydrology, ecology, health sciences, geography, remote sensing, and many others. Decision-
support systems can be used to address a number of barriers to implementing adaptation and
mitigation (for adaptation barriers, see Eisenack et al. 2014; Ekstrom and Moser 2014; Moser
and Ekstrom 2010; for mitigation barriers, see Bazerman 2009; Gifford 2011). They help
establish conditions associated with successful consideration of climate change in decision-
making (United States Government Accountability Office 2013).

Traditional climate change assessment reports such as those of the Intergovernmental Panel on
Climate Change (IPCC) and previous NCAs are a specific type of decision-support product and
have addressed a wide range of topics about basic climate science, impacts, and response
strategies. They have informed decision-making, particularly for public policy issues, for exam-
ple, related to the objectives and provisions of the UN Framework Convention on Climate
Change. These reports survey and synthesize research from many disciplines, communicate the
state of science related to identified issues, and identify gaps and research opportunities. Theywill
remain important means of conveying information for policy- and decision-making.

But in response to the diversifying needs described above, decision support for climate change
is evolving into a much broader set of approaches. Climate change decision-support tools and
systems can, for example, map climate stressors and their impacts; portray expert judgments about
changes in impact-relevant climate variables; estimate past and potential future carbon storage;
provide data on land cover and use classifications in vulnerable areas such as coastal zones;
provide geospatial analysis of floods, droughts, heat waves, and other stressors onto infrastructure
or population groups; analyze extreme-event return periods; estimate energy demand, peak loads,
and costs under different climate scenarios; provide indicators to inform managers about changes
in climate exposures, species distributions, and natural resources; structure analysis of tradeoffs;
and test robustness of policies and strategies under different socioeconomic and climate futures.

This wide range of decision-support systems and tools is being developed by climate and
impact scientists working through university-based research groups, government agencies, pri-
vate sector consultancies, and NGOs. The tools and systems are available through a number of
portals such as the Global Change Information System (see Waple et al., Innovations in
Information Management and Access for Assessments, this issue and https://data.globalchange.
gov). Federal agencies have also collaborated to develop a US Climate Resilience Toolkit that
points users to a range of decision-support tools and systems for assessing vulnerabilities,
investigating adaptation options, and appraising risks and costs (https://toolkit.climate.gov). A
variety of NGOs also promote information sharing about decision support.

3 The need for evaluation and assessment of decision support

Some decision-support tools and systems are based on sound scientific information and incorpo-
rate established principles such as engagement of stakeholders, transparent provision of data and
methods, and characterization of uncertainty for decision-making. In others, application of basic
principles for sound decision support appears to be lacking, thus creating the need for evaluation
and assessment. Some deficiencies are associated with the tools—for example, those that promise
temperature and precipitation “forecasts” at a spatial and temporal resolution that is far beyond
what is scientifically defensible. In other cases, critical elements of systems associated with
improving decision processes are lacking—as examples, the experience of users may have not
been considered or evaluated or there may be a lack of transparency regarding assumptions, data,
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or models used. Most significantly, many decision-support products just use a simple “loading
dock” approach that delivers data or methods without considering the context in which they are
used. This is partly an issue of ignoring capabilities or needs of users. But, it can also be based on
faulty assumptions about the circumstances of decision-making, for example when a decision
must be reached; what choices decision-makers can actually select; or how information fits into
the broader set of decision-making influences such as political or economic issues, preferences of
decision-makers, or other factors related to comfort with and accessibility of information.

Both evaluation and assessment of climate change decision support is needed so that the
effectiveness of available systems is not taken for granted. “Evaluation”means data-driven studies
of how well a given decision-support system facilitates the use of knowledge to improve decision
process or outcomes. Evaluation studies examine specific dimensions of performance, such as
communicating uncertainty (for example, Budescu et al. 2012); conveying information, structur-
ing consistent preferences, andmastering the information (for example,Wong-Parodi et al. 2014);
or improving interpretability of results and utility for tasks such as scoping or understanding
tradeoffs (for example, Parker et al. 2015). Recent research also evaluates deliberate coproduction
of knowledge in decision support through different approaches to manage collaboration between
scientists and stakeholders (Meadow et al. 2015). The National Aeronautics and Space
Administration uses a nine-step Application Readiness Level indicator to evaluate potential
decision-support tools in terms of both content and use in the context of end users’ decision-
making (http://www.nasa.gov/sites/default/files/files/ExpandedARLDefinitions4813.pdf).
Evaluation studies are based on data collected through interviews, surveys, experiments
(evaluating performance of subjects presented with a task using information from the system),
and other methods. “Assessment” of decision support refers to organized processes and reports
that synthesize evaluation studies and other research about decision-support processes and
systems at a more general level. Assessment of decision-support systems in the NCA would
be based on review, comparison, and synthesis of evaluation studies and other sources of
information. Assessment outcomes could include identifying elements of good practice
and preparation of technical standards and guidelines, comparing effectiveness of different
approaches for various purposes, facilitating data collection and additional evaluation, identi-
fying climate and other information needs, and supporting development of improved systems.

4 Adding assessment of decision support to NCA3

The choice to include a decision support chapter in the NCA3 grew out of concern that users of
decision-support systems were applying tools and systems that had not been evaluated,
creating the potential for a variety of maladaptations and setting up the scientific community
for a loss of trust, a worry highlighted in an editorial in Nature magazine (Nature 2010).
Preparation of the chapter was facilitated by National Research Council report, Informing an
Effective Response to Climate Change (Liverman et al. 2010), which synthesized the literature
on climate-related decisions and frameworks. Based on this report and a chorus of demands
from private and public sector decision-makers, it was apparent that the NCA should initiate an
ongoing process in which scientists, intermediaries, and users could interact and begin to
inventory and appraise available systems. Over time, data collection and analysis would provide
a foundation for rigorous evaluation of what works (or does not) as an input to assessment of
decision-support systems. Indeed, one of the key messages of the NCA decision-support
chapter is: “Ongoing assessment processes should incorporate evaluation of decision-support
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tools, their accessibility to decision makers, and their application in decision processes in
different sectors and regions” (Moss et al. 2014).

The primary role of this first NCA decision support chapter was not to develop, evaluate, or
disseminate specific decision support tools and systems per se. Rather, the role of the NCAwas to
assess the state of knowledge and practice of decision support in different sectors and regions,
thus providing information about good practices that would assist both users and developers of
decision-support tools and systems. More specifically, the role of the NCA was to improve
communication and promote sustained dialog between users and producers of decision support;
facilitate data collection and evaluation of specific systems used in different sectors and regions by
researchers; engage professional associations and others in developing good practice guidelines in
the context of established professional codes and standards; and, on the basis of this information
and the research literature on decision science, assess understanding of current practice and utility
in the context of the sectors and regions in which decision-support systems are applied.

The NCA3 decision support chapter is structured around the common conception of
adaptive management and decision-making depicted in Fig. 1. The chapter identifies frame-
works, tools, methods, and other resources that can assist users as they work through the steps
of a typical (idealized) adaptive decision-making process. It describes the types of tools being
developed and to includes many examples illustrating current approaches. It does not include
evaluation of individual decision-support tools, something that needs to occur in other settings
and provide an input to the NCA process. It suggests potential next steps for expanding
assessment of decision-support systems in the context of the NCA.

5 Next steps and potential long-term benefits of assessing decision support
in the NCA

Including an assessment of decision-support systems in NCA3 was an important first step in
positioning the NCA of the future to meet society’s evolving and growing needs for climate
and impact information for risk management. By example, the decision-support chapter
defined a possible role for the NCA in assessing decision-support resources that was consistent
with its mandate and available resources. That role provided a framework for beginning to
catalog and assess different types of tools and systems offered to help users as they work
through the steps of a typical (idealized) adaptive decision-making process. It described the
types of tools being developed and included many examples illustrating current approaches. It
did not include evaluation of individual decision support tools, something that needs to occur
in evaluation research, with the results of these studies providing an input to the NCA process.

The chapter also raised the issue of the next steps the NCA should take as part of the Sustained
Assessment process and in future reports. One is to add assessment of decision-support tools and
systems to the sectoral and regional chapters of future NCA reports, just as each of these chapters
currently includes information on adaptation and mitigation measures relevant to its focus. This
will facilitate assessment of the quality of decision support available for different types of
decisions and provide a resource for those facing similar issues. Another important step is to
continue to include a dedicated chapter on decision support in future NCAs, using the process of
preparing the chapter to establish and maintain dialog among scientists, intermediaries, standards
organizations, professional societies, consultant organizations, and user groups. The process
should include collection of standardized data and information about available systems and how
they are applied; synthesis of methods for evaluating decision-support tools and systems; and
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identification of the elements of a collective effort to promote good practices in decision-support
system development, assessment, and use.

It is premature to reach conclusions about the effectiveness of the approach started in
NCA3. The potential next steps suggested in the chapter have not yet been reviewed or
implemented. But, it may be useful for further consideration of this issue by future NCA
leaders and the broader research community to discuss several potential benefits for users, the
research community, and decision-support specialists. These include (1) improved understand-
ing of the effectiveness of current decision-support methods; (2) coordinated collection of data
and methods for evaluation and research; (3) more clarity on the type of information users need
and sources that are useful for informing different types of decisions; and (4) enhanced
recognition of the importance of evaluating and assessing both the information content of
decision support as well as interfaces, communications, and other aspects of decision-support
systems that address issues related to perceptions, cognition, preference formation, delibera-
tion, and other individual and group aspects of decision-making.

Understanding effectiveness and good practice: The NCA3 decision-support chapter
included examples of instances in which decision-makers were able to take advantage of
scientific information that was thoughtfully developed and communicated in order to improve
decision outcomes. Evaluation and assessment are needed to understand what contributes to
effectiveness in different settings and at different stages of decision-making. Tools and systems
exist to help incorporate scientific information into framing choices, tailoring climate and
impact information, accessing relevant information, valuing and comparing outcomes,
communicating risk, and other decision-related tasks. The NCA can contribute to a better
understanding of good practice, providing guidance to the research community and interme-
diaries about how to improve their decision support, and educating users on how to differen-
tiate robust from weak information. Assessment can help define standards for decision support.
The process will produce more useful results if it engages professional societies and standards
organizations that are already involved in promulgating good practices, methods, and data
within their areas of specialization. Groups such as the American Society of Heating,
Refrigerating, and Air-Conditioning Engineers (ASHRAE), the American Society of Civil
Engineers (ASCE), and the National Institute for Building Sciences (NIBS) develop
and distribute professional standards, workbooks, and other materials, as well as provide
continuing education opportunities. They have an important role to play, and some of them
already are participating in the network of NCA-affiliated organizations, NCAnet.

Data and methods for evaluation: Research into human factors that affect how people and
organizations interact with scientific information in complex decision environments is essential to
improve decision support. An important starting point is establishing baseline conditions (the
“before application” condition) and data needs for these kinds of evaluation. There are unresolved
research issues regarding how to evaluate whether a decision-making process is improved by a
decision-support system. Improvements in process measured by access to better or more timely
information does not necessarily lead to better decision-making outcomes. Continued dialog
among the research community, intermediaries, and those using decision-support systems is
essential for improving evaluation of effectiveness.

Clarifying information needs: Sustained interactions among users, the research community,
and intermediaries regarding decision-support needs and practices will be facilitated through
the inclusion of assessment of decision support in the NCA. This assessment can identify and
convey to decision-support system developers a better understanding of the information needs
of users and to users what type and sources of information they should be using. Progress will
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require moving beyond general discussions by bringing together specific user groups moti-
vated by well-defined decision problems and climate or impact experts who can provide
insights about the specific climate and environmental processes of importance to these users.
For example, reexamining design loads for buildings and structures in light of changes in
exposure (such as intense precipitation or wind speeds) should engage engineers, architects,
scientists whose research encompasses the climate processes that affect the relevant exposures,
and social scientists who have the capacity to consider how information should be provided to
effectively communicate uncertainty.

Examining the human dimensions of decision support: There is a tendency to emphasize
tools and products as the critical components of decision-support systems (just as traditional
assessments have emphasized reports rather than ongoing dialog). This may be because it is
natural, when considering scientific information in decision-making, to focus on the type and
quality of the information per se. Indeed, this is critical. But looking at the definition of decision
support used in the chapter, “organized efforts to facilitate the use of knowledge to improve
decision outcomes,” it is obvious that the definition of “system”must 1) include the perceptual
and social dynamics through which people acquire information; 2) judge its meaning,
reliability, and significance; and 3) act on it (or not). A system perspective includes not just
the information and delivery mechanisms but how these interact with perceptual, cognitive, and
(in some cases) group deliberative processes used to reach decisions. Simply focusing on tools
can lead to efforts that provide information, but not in a manner suited to users’ mental
models or that helps them apply the information consistently and coherently. The NCA
process can help reinforce the importance of these factors, by engaging decision analysts,
psychologists, and other social scientists trained in research on aspects of decision-making,
as well as by explicitly incorporating factors such as knowledge acquisition, information
processing, cognition, and group interactions in evaluation of decision-support tools.

6 Increasing usability of NCA findings: assessing uncertainty
and communicating confidence

Adding a chapter on decision support was not the only innovation in NCA3 that was
intended to increase the relevance of science-based information to users. The NCA also
built on previous efforts and updated guidelines for assessing uncertainty and communi-
cating confidence. The intent was to improve transparency for users regarding how
confident scientists were about the robustness of their findings and why. This is important
because assessment is different from research in that it involves providing information “on
demand,” which is when decision-makers need it to inform policy, resource management,
or planning. In assessments, scientists comb through scientific information to provide an
applied synopsis that is relevant to decision-makers; if they are to provide timely input,
they cannot wait until 95 % confidence (or some other confidence level) is achieved. Thus,
assessments must explicitly describe uncertainties and the level of confidence relevant
experts associate with the information they are providing so that users do not misapply it.
Studies by Morgan and colleagues (Morgan and Henrion 1990) point to the need to
conduct assessments in a self-aware way, so that uncertainty is not underestimated and
bias can be identified and analyzed along with an estimate of when and how information
could improve. This enables decision-makers to judge for themselves whether to act on
available information or wait for scientific knowledge to accrue.
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To improve the usability of information in NCA3, guidelines for uncertainty and confidence
characterization were developed and provided to authors (Moss and Yohe 2011). They built on
previous versions developed for the Intergovernmental Panel on Climate Change (IPCC; Moss
and Schneider 2000; Manning and Petit 2003) and the Climate Change Science Program
(CSSP; Morgan et al. 2009) and were developed simultaneously with a new set for the IPCC
Fifth Assessment Report (Mastrandrea et al. 2011). As in the approach used by the Netherlands
Environment Agency (Petersen et al. 2013), a checklist was provided to help the authors
complete the process. The steps were to be applied to only the four or so most important
conclusions of a chapter and included the following:

1. Frame the most important conclusions with specific questions or uses in mind (rather than
just providing “state of science” updates).

2. Evaluate the type, amount, quality, and consistency of evidence as strong, moderate,
suggestive, or inconclusive.

3. Formulate well-posed, confirmable conclusions, providing the 90 % confidence range,
and high-consequence, low-probability impacts outside that range.

4. Identify key uncertainties and research required to improve knowledge.
5. Assess and report authors’ confidence using standard terms (very high, high, medium,

and low) and graphics, considering (i) the quality of the evidence (from step 2) and (ii) the
level of agreement among subject experts.

6. If evidence is sufficient, provide a likelihood for a well-specified event or impact under a
particular scenario, using standardized likelihood ranges (from >9 in 10 chances=very
likely to <1 in 10 chances=very unlikely).

7. Prepare a traceable account of the main lines of evidence, uncertainties, and areas of
agreement and/or debate among experts to increase transparency.

The guidelines were not implemented exactly as envisioned. Use of the recommended
confidence and likelihood terms and ranges was not required in the main body of the report.
But, each chapter was required to include traceable accounts for its major conclusions in an
appendix, and levels of confidence were included within the traceable accounts. There was
feedback that the guidelines were too challenging to apply and authors lacked access to an
“uncertainty hotline” function to provide support. The uncertainty guidance drafting team
recognized the need for support and in its recommendations, proposed including a decision
scientist among the lead authors of key chapters. This recommendation was not implemented.
The need for training or support is reaffirmed by the outcome that the guidelines were more
likely to be followed when at least one member of the author team felt comfortable with and
modeled the process for others. Another complication was that lead authors received guidance
on seven additional topics, and conceptual relationships among key issues such as uncertainty,
probabilities, scenarios, and risk framing were not established, leading to lack of clarity about
what was most important or what to do. Finally, there were concerns among NCA3 leadership
that using the confidence terminology (very high, high, medium, and low) in the main body of
the report and in synthesis documents would muddy communication of findings, and that
including “low confidence” information (even if responding to direct stakeholder needs) had
the potential to raise questions of reliability and trustworthiness. In the future, this issue should
be thoroughly discussed among leaders, authors, and users.

The tension in the NCA3 between the desire to improve characterization of uncertainty and
these general communication impediments did spur at least one positive outcome: a shift in
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emphasis from “uncertainty,” which focuses attention on what is not known, to describing
“confidence,” which focuses on what is understood in the context of a specific decision.
Including “low confidence” categories enabled authors to report relevant information without
misleading decision-makers into thinking that information wasmore certain than it was (a danger
of including such information and not reporting a confidence level). Communication scientists
need to bemore fully engaged to ensure that this does not distract from the NCA’s coremessages.

Do these problems mean the uncertainty characterization guidance process failed? Some
NCA authors reported that the “tedious task” of characterizing confidence and writing the
traceable accounts transformed their writing teams from groups of individual experts into
assessment teams that agreed upon conclusions describing the current state of knowledge
about their topic relevant for different types of decisions. The process also fostered multi- and
interdisciplinary thinking, as opposed to individuals remaining solely within their home
disciplinary paradigms (see Moser and Davidson 2015). It seems safe to say there were some
successes and other areas where implementation was uneven.

In developing the next steps for the Fourth Assessment (NCA4) and the Sustained
Assessment, NCA3 lead authors should be surveyed about the process. The traceable accounts
need particularly careful review since this part of the guidance was implemented and review
could provide valuable information. In what ways are the deliberations of the author teams
affected by having to prepare traceable accounts? How useful is the traceable account
information that resulted? Much greater effort also needs to be placed on empirical testing
(by readers and intended users of information in NCA3) of any language or approach proposed
for communicating levels of confidence, verbally, quantitatively, and graphically (Pidgeon and
Fischhoff 2011). Ideally, conclusions from this research will inform development of guidelines
for NCA4. Making progress in assessing and communicating confidence and uncertainty will
also require thinking through relationships between scenarios designated for the assessment,
impact model uncertainties, and guidance to authors on related topics such as risk framing.

Finally, more attention should be given to quantitative approaches to uncertainty quantifi-
cation through use of statistical methods and reduction of uncertainty in climate change
projections using advanced experimental design (Katz et al. 2013). In exploring these
approaches, it will be important to recognize that many of the most consequential drivers of
impacts involve joint probabilities of multiple climate stresses (Tebaldi and Sanso 2009),
which introduces added complexity. More sophisticated approaches to use of scenarios in
ways better suited to uncertainties in projections could also be explored (for example, Lempert
2013), but would involve significant departures from current assessment practice and thus
might best be essayed in the Sustained Assessment process before being brought into a future
NCA quadrennial report. Resource and time constraints will challenge application of quanti-
tative approaches, however.

7 Positioning the NCA to meet the information needs of the future

In closing, the NCA process is well situated to advance efforts to facilitate the use of
knowledge to improve decision outcomes related to climate change—a grand challenge for
society and science in light of rapidly increasing and diversifying impacts. However, meeting
these information needs will depend on many factors and advances in research on climate
change, impacts, response options, and human factors associated with the use of complex and
uncertain scientific information in multifaceted, high-stake decision situations. This paper has
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reviewed the potential importance of assessment of decision support and improvement of
uncertainty characterization and communication of confidence. These improvements, com-
bined with active implementation of the Sustained Assessment process, provides an opportu-
nity to encourage more interactive and focused application of science to decision-making and
thus to meet the evolving needs of society for relevant climate science.
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Abstract Well-targeted scientific assessments can support a range of decision-making processes,
and contribute meaningfully to a variety of climate response strategies. This paper focuses on
opportunities for climate assessments to be used more effectively to enhance adaptive capacity,
particularly drawing from experiences with the third US National Climate Assessment (NCA3).
We discuss the evolution of thinking about adaptation as a process and the importance of societal
values, as well as the role of assessments in this evolution. We provide a rationale for prioritizing
future assessment activities, with an expectation of moving beyond the concept of climate
adaptation as an explicit and separable activity from Bnormal^ planning and implementation in
the future. Starting with the values and resources that need to be protected or developed by
communities rather than starting with an analysis of changes in climate drivers can provide
opportunities for reframing climate issues in ways that are likely to result in more positive
outcomes. A critical part of successful risk management is monitoring and evaluating the systems
of interest to decision-makers and the effectiveness of interventions following integration of climate
considerations into ongoing strategic planning activities and implementation. Increasingly this will
require consideration of path dependency and coincident events. We argue that climate adaptation
is a transitional process that bridges the gap between historically time-testedways of doing business
and the kinds of decision processes that may be required in the future, and that scientific
assessments will be increasingly central to these transitions in decision processes over time.
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1 Introduction

Until recently, the importance of climate assessments as an integral component of adaptation
and risk management at multiple scales has not been widely recognized. Climate assessments
have undoubtedly played a role in motivating adaptive action, though they have not been
explicitly incorporated into ongoing, iterative adaptation processes to the degree they could be
(Berrang-Ford et al. 2011). As impacts accumulate and investments are made in risk manage-
ment, it will be important to document and evaluate the changes in a rigorous, scientific way as
well as to evaluate whether or not adaptive actions are successful, in order to prioritize further
investments. Because adaptation is a transitional process that bridges the gap between the ways
that social, economic, and natural systems have functioned successfully in the past and the
decision and management strategies that may be required in the future, scientific assessment at
multiple scales will be essential in identifying the vulnerability of and potential impacts to
these systems. Further, as the reality of living in a rapidly changing environment becomes a
foundation for day-to-day decisions, the idea of adapting to climate change per se will
necessarily be integrated into decision-making. As that happens, real-time evidence of change
caused by the interaction of multiple factors (including climate) will become more ingrained in
both policy and management activities. We explore these issues, building from the recent US
3rd National Climate Assessment.

There is already evidence of a transition in federal science programs of the US toward
deliberate development of Bdecision-relevant^ climate information to support better risk man-
agement and investment decisions. This evidence is found in multiple places, including the most
recent 10-year strategic plan of the US Global Change Research Program (USGCRP) (NSTC
2012). This plan incorporates BInforming Decisions,^ BConducting Sustained Assessments,^
and BCommunicate and Educate^ as pillars of its program in addition to its original (and still
dominant) focus of BAdvancing Science.^ There are now interagency coordination activities
within USGCRP around each of these pillars, and annual USGCRP budget justifications now
include far more discussion of the societal relevance of research investments.

Consistent with this trend, USGCRP’s third US National Climate Assessment (NCA3,
Melillo et al. 2014) and its associated engagement process were deliberately designed to build
long-term adaptive capacity (see Jacobs and Buizer 2015). The NCA3 serves here as a starting
point for a broader discussion on the relationships between assessments and adaptation that may
be useful in supporting these processes going forward, in both national and international efforts.
We evaluate the conceptual underpinning and content of the NCA3 and related studies so as to
identify some improvements that could be made to climate assessments to enhance their utility.

2 Terminology: assessments, adaptation, and resilience

Scientific assessments are evaluations of the state of knowledge at a particular point in time and
generally include a synthesis of the extant peer-reviewed literature. The NCA3 tried to bring
multiple kinds of knowledge, including that of on-the-ground decision-makers, into the
assessment process (see Jacobs and Buizer 2015). In part, reaching beyond academia and
the federal science agencies is required if assessments are to be effective and relevant in
informing climate-related decision-processes. In fact, such assessments need to be transdisci-
plinary; that is, they must go beyond disciplines to consider decision relevance in specific
sectoral and regional applications, accommodate the interactions of physical, social and,
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economic factors, and be connected to the key issues of concern to stakeholders. These
transdisciplinary assessments often require integration of a wide array of sources of knowl-
edge—not just the physical and social sciences, but also the tacit knowledge of citizens,
businesses, and local government officials. They also allow testing knowledge of how the Breal
world^ works and the consequences of potential alterations in processes and systems. Because
adaptation activities involve applying knowledge, technologies, and management practices in
the context of uncertainty (both reducible and irreducible), iteratively testing our understanding
of how systems interact and constantly refining the state of knowledge can be an effective way to
manage this source of risk and take full advantage of potential opportunities (Cash et al. 2003).

Adaptation, therefore, should be an iterative process that involves ongoing assessments of
risks and opportunities based on current and anticipated impacts and vulnerabilities, the devel-
opment and implementation of response actions and strategies, and the integration of learning
from this process into scientific understanding (e.g. Meinke et al. 2009).1 In recent years the term
resilience has become very widely used because some perceive it has a more positive connotation
than adaptation. Some researchers have argued that a resilience approach focuses on maintaining
the functioning of valued systems rather than focusing on a return to pre-existing conditions
(Gunderson and Holling 2002) or that it helps the process of building adaptive capacity (e.g.
Redman 2014), whereas others argue that the term is unhelpful (e.g. Reid and Botterill 2013).

Having considered these and other arguments, we conclude that the term Badaptation^ does
not inherently invoke a return to status quo and is a more useful way to describe deliberate
actions to limit risk or manage opportunities. We also prefer it here because it is more precise:
it connotes taking specific outcome-focused action in response to our understanding of past,
current, or future conditions. There are various categorizations of adaptive responses (e.g. Smit
et al. 2000). Of these, Bproactive^ adaptation is especially dependent on assessment, as it
involves anticipating and preparing in a systematic and often transdisciplinary way for future
scenarios rather than responding after impacts have occurred. Consequently, this formal
approach to adaptation which we address here, appears to be more frequently used by larger,
institutional actors (e.g. Tompkins et al. 2010).

Assessing adaptive capacity (the knowledge, resources, political/institutional and social
capacities needed to manage risk) and adaptation technologies for use in specific applications
is an important step in enabling adaptation, but this type of analysis is not commonly
incorporated in risk management or adaptation decision processes.2 Adaptive management
processes (which depend on ongoing monitoring and iterative learning about the outcomes of
alternative strategies) require assessment of changing conditions as well as evaluations of
whether adaptation and mitigation activities are having their desired effects.3 In this case also,
the deliberate and rigorous evaluative assessment of options, strategies, and observed out-
comes appears to be in its infancy for most economic sectors and geographic locations, but
constitutes an important area where future assessments could usefully inform ongoing adap-
tation processes (Moser and Boykoff 2013; Melillo et al. 2014).

1 The IPCC WG II Glossary defines adaptation as: The process of adjustment to actual or expected climate and
its effects. In human systems, adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In
some natural systems, human intervention may facilitate adjustment to expected climate and its effects.
2 IPCC Glossary, adaptive capacity: The ability of systems, institutions, humans, and other organisms to adjust to
potential damage, to take advantage of opportunities, or to respond to consequences.
3 IPCC WG II Glossary, adaptive management: A process of iteratively planning, implementing, and modifying
strategies for managing resources in the face of uncertainty and change. Adaptive management involves adjusting
approaches in response to observations of their effect and changes in the system brought on by resulting feedback
effects and other variables.
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3 Status of federal adaptation efforts in the United States

In the US, most climate adaptation activities to date have been driven by city, state, industry
sector, tribal, and NGO initiatives, rather than by the federal government (NRC 2010). This is
not altogether surprising because the impacts of climate and global change are felt locally, and
both the impacts and the solutions tend to differ between locations and between
sectors. On the other hand, many of these efforts at the local level necessarily involve
a broad set of partners, including higher levels of government, and for decades there have been
calls for comprehensive federal-level engagement in adaptation and mitigation activities, most
recently in recommendations from the National Research Council in the America’s Climate
Choices reports.

To date, political and economic considerations have contributed to a near stalemate of
climate response initiatives in the US Congress, with very few programs moving forward.
However, since 2010 the Executive Branch of the US government has been facilitating
adaptation across the nation. In addition to sponsoring and supporting the NCA3, multiple
new programs have been established within and across agencies through regulatory initiatives
and by Executive Order. For example, all federal agencies now have emission-reduction goals
and adaptation/resilience plans. The President’s Climate Action Plan (2013) contains a range
of domestic and international emissions management programs and a wide range of programs
and partnerships to build resilience, along with Executive Orders in 2009, 2013 and 2014 that
itemize specific projects and implementation plans. Agencies must demonstrate how they will
protect both their missions and their infrastructure from climate-related impacts, and a number
of partnerships have emerged with communities, academia, economic sectors, professional
societies, and foundations across the nation. There are now dozens of examples of federal co-
investment in local adaptation efforts, particularly in the context of recovery from extreme
events. For example, there were explicit efforts to include climate adaptation and preparedness
objectives in the capital and social investments made by the federal government and in
associated institutional arrangements in the recovery programs for Superstorm Sandy and in
the language for the Housing and Urban Development (HUD) National Disaster Resilience
Competition.4 However, differences in goals and power relationships with State and other
jurisdictions may restrict the implementation of Federally-supported adaptation measures. The
politics of adaptation have to be managed here just as in other contexts (e.g. Vogel et al. 2007;
Moser and Ekstrom 2010).

4 The role of the third national climate assessment

The NCA3 was explicitly designed to provide information to support adaptation and mitiga-
tion decisions at multiple scales. It is the first US national assessment to contain an evaluation
of response strategies in addition to discussions of impacts and vulnerabilities within sectors
and regions. Individual chapters cover decision support, connecting science and decision-
making, mitigation, adaptation, research needs, and sustained assessment. The report also
discusses specific sectoral and region-specific adaptation efforts in most chapters, and contains
some references to the connections between assessments and adaptation. Brief references to

4 https://www.hudexchange.info/cdbg-dr/resilient-recovery/
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the importance of ongoing assessments for managing climate risk and maximizing economic
opportunities are scattered throughout the NCA3 report. However, the fundamental role of
assessment in decision processes is not mentioned explicitly in either the mitigation or
adaptation chapters of the report; it is only referred to in the chapter on sustained assessment
(Buizer et al. 2013).

The lack of discussion of the relationship between assessments and decision support in the
NCA3 synthesis report was primarily due to length limits. However, future assessment
processes could be more explicit about the relationship between specific assessment topics
and the ways that they either can or should support societal decision processes.

5 Reframing and refining the role of assessments in climate adaptation

5.1 Reframing the conceptual model

The NCA3 Adaptation chapter emphasizes the cyclic or iterative nature of adaptation pro-
cesses, identifying the importance of stakeholder engagement in the adaptation process.
However, portraying a simple learning loop, it implies that assessment inputs occur at only
one stage of the adaptation cycle—primarily in the context of evaluating adaptation options.
We would argue that assessment activities can and should also be undertaken within the
Bmonitor and evaluate,^ Bidentify risks,^ and Brevise strategy^ stages. Likewise, the Adaptation
chapter focuses primarily on documenting the state of planning and implementing specific
adaptation actions at multiple scales without substantial emphasis on the state of knowledge of
adaptation processes more generally, likely related to the relative infancy of evaluating
adaptation efforts.

There are more detailed depictions of adaptation approaches. In particular, the
adaptation cycle of Willows and Connell (2003) importantly identifies an iterative
risk assessment sub-cycle. Another approach, outlined by Meinke et al. (2009),
identifies multiple points of assessment and incorporates initial components of a
theory of change. We suggest yet another alternative schematic (Fig. 1) that draws
on these earlier figures but more explicitly illustrates how multiple assessment types/stages
support adaptation.

In this figure, the central triangle draws a link to Bennett’s (1975) hierarchy of
objectives, recognizing that a range of societal ‘values’—though clearly evolving over
time and visible in multiple ways through policy, regulations, economic choices, and
lifestyles—form the basis for societal decision-processes that affect everything else in
the cycle (O’Brien 2009). Emerging from these values are aspirations that must be tempered by
what can actually be done due to physical, economic, social and psychological
constraints (e.g. Grothmann and Patt 2005). Above these in the triangle are strategies
to realize the aspirations. Specific adaptation decisions are then needed to take the strategies into
adaptation actions.

Surrounding all and interacting particularly with the adjacent parts of the triangle is the
adaptation-assessment cycle, initiated (at right) with scoping (i.e. should we even be concerned
about climate change risks?), and proceeding through an impacts assessment/adaptation
assessment cycle of traditional Brisk assessment^ or Bvulnerability assessment,^ then an
assessment of response strategies, necessary associated capacities, and barriers, followed by
assessment of effectiveness of the actions taken. This evaluation work should ideally be done
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after metrics are selected, baseline monitoring processes are in place, and the actions
are implemented.

5.2 Assessment of barriers and adaptive capacity

Evaluation of institutional barriers and adaptive capacity is a particularly important consider-
ation in successful adaptation and there is a growing literature on building both specific and
generic climate adaptive capacity as a pre-disposing factor for adaptation (Lemos et al. 2013;
IPCC 2014a). There are also several ways in which adaptive capacity can be assessed, at least
in relative terms, at individual, community, regional, and national levels (Nelson et al. 2010)
that can inform decision makers about where adaptive capacity is weak or strong and what can
be done to build it. It is important, however, to recognize the limitations of large-scale
(national) or generalized adaptive capacity assessment approaches in terms of how they are
conceptualized, and the different approaches needed, depending on the specific climate risks
being considered and their utility in actual decision-making (Hinkel 2011). Adaptive capacity
can be more usefully assessed in systems that are more narrowly defined, where deductive
approaches can identify key adaptive capacity variables. Inductive approaches can link these to
specific outcomes where data are consistently available (Hinkel 2011).

While in the NCA3 there are many statements recognizing the need for enhancing adaptive
capacity, there are only two instances where there is any detail about what constitutes adaptive
capacity and what aspects needed to be enhanced. Notably, improving understanding of
adaptive capacity was recognized as a key research need in the NCA3 Research Agenda
chapter. Subsequent assessment reports could focus more explicitly on assessing specific and
general adaptive capacity within specific decision contexts in order to facilitate adaptation
(Lemos et al. 2013).

Fig. 1 Conceptual outline of the roles of assessment in adaptation
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5.3 Intersections of adaptation and mitigation

Despite its advantages, Fig. 1 does not consider the impacts of adaptation actions on emissions
trajectories (and vice-versa). These considerations should be integral but are often missing in
adaptation assessments, and this omission may become more problematic as climate impacts
escalate. There is a particular need to assess how adaptation may affect achievement of
mitigation goals and how mitigation activities may limit or facilitate adaptation over time
(Rosenzweig and Tubiello 2007) rather than treating these as independent topics. For example,
the 2014 IPCC Working Group II Report (IPCC 2014a) states that most categories of
adaptation to climate change have positive impacts on mitigation. These include healthier
and more productive soils, crops, and grasslands, greater water security and protection from
flooding, greater diversification of crops and agroforestry to cope with more extreme weather
events and climate change. For example, from 2002 to 2007, Uganda increased the number of
certified organic farmers by 359 %, increasing prices received and organic exports, while
greenhouse gas emissions for these farms are estimated to be 64 % lower than those from non-
organic farms (Sukhdev et al. 2010).

Because information for decision support is becoming more critically needed over time, and
there are so many potential paths forward, assessments should have clear strategic framing
focused on achieving specific objectives (NRC 2007). Developing assessments that are truly
useful is likely to require moving away from the linear, climate-impact focused assessment
process into assessments that are more decision-focused and iterative and that include both
adaptation and mitigation components, and with multiple scales of analysis Bnested^ within a
broader framework as suggested by the NRC 2007 report. These more focused, but perhaps
more intellectually-challenging kinds of assessments could be periodically harvested as
Binterim reports^ in a sustained assessment process as was suggested in the NCA3 advisory
committee report on building a sustained assessment process (Buizer et al. 2013).
Development of reports that are responsive to the scale, context, and decisions at hand, but
that focus on synergies and trade-offs (including with mitigation goals) could be another
important output of a sustained assessment.

5.4 Reframing climate issues: implications for assessments and adaptation

Accumulating changes in global temperatures and other climate-related factors are increasingly
being attributed to human influence via net greenhouse gas emissions rather than the natural
processes that have controlled past climate fluctuations, such as solar and volcanic activity,
changes in the Earth’s orbit and decadal variability driven by ocean conditions (Melillo et al.
2014; IPCC 2014b; Kokic et al. 2014). In contrast, recent public surveys in the US show a
majority of the populace acknowledges that climate means and extremes are changing but
many do not accept that these changes are due to human activity, instead attributing them to
climate variability (Moser 2014), presumably one of the more persistent, long-term causes of
variation noted above. Taken at face value, a lack of attribution to human causes implies an
expectation that current climate trends will reverse at some stage, returning to ‘normal’. This
has direct and negative implications for adaptation implementation, especially for those
adaptations with long lifetimes. Because of these fundamental disconnects between scientific
observations and public opinion, evaluation of alternative values-based paths to risk manage-
ment (Fig. 1) is a useful strategy, especially in cases where there is reluctance to explicitly
acknowledge that the climate is changing.
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Humans are more or less adapted to the climate of the recent past but existing risk
management efforts are often inadequate, creating a widely recognized Badaptation deficit^
(Burton 2009) that is not restricted to less developed nations. For example, with billions of
dollars of damage incurred annually from floods, drought, storm surges, and heat waves, it is
hard to argue that the US is fully prepared even for current climate conditions. The
potential for increased damage is widely recognized, particularly along coasts, yet
there continue to be investments in new infrastructure, private property, and businesses that will
not withstand the highest current tides, much less future, climate-related, extremes. Similarly,
there are often vulnerable groups within developed nations (e.g. many Native American
communities), which are less prepared for the impacts of climate change (see Maldonado
et al. 2015).

Despite obvious limitations, one option to enhance risk management efforts without
explicitly incorporating additional risks of anthropogenic change is using historical extremes
as a proxy for what the future might bring (e.g. Hallegatte 2009). This can offer significant
benefits in adaptation efforts if, due to perception issues, Bclimate change^ is not an acceptable
entry point. Additionally, this can be inclusive of welfare of affected groups and flow-on
impacts on systems of concern which may facilitate policy implementation (Dupuis and
Knoepfel 2013). Historical and paleo-records (including long-term tree ring, ice core, and
other proxy data) provide an estimate of the envelope of variation in key climate-
related extremes that enables people to relate their own experience to a broader range
of possible events without challenging their underlying perspective on anthropogenic climate
change. Similarly, using space for time analogues (i.e. looking for locations that have histor-
ically had the basic climate characteristics anticipated in the future) can be another way of
effective engagement, as the risk management approaches for that climate have already been
addressed, facilitating adoption without the trial-and-error that would otherwise have to occur
(Dunn et al. 2015).

Limitations to the above approaches include expectations of change in both the return
period and the intensity of some events. For example, a range of studies show return periods
for time-specified events shrinking dramatically (IPCC 2014b). Experience in other nations,
such as Australia, shows that preparedness for events beyond the envelope of historical
experience is critical to protecting communities and ecosystems from devastating impacts
(IPCC 2014a). And in the case of flooding caused by sea-level rise in the conterminous US,
Tebaldi et al. (2012) found that by 2050 what was historically a 1-in-100 year event may
become an annual event in some locations. Similarly, the magnitude of some extremes (e.g.,
hurricanes, downpours, heat waves) is changing and is expected to intensify (Melillo et al.
2014; IPCC 2014b). Clearly, if these analyses are sound, then depending only on historical
data and impact relationships can lead to inadequate risk assessment (especially relating to
coincident events) and poor formulation of adaptation options. Figure 2 illustrates the impli-
cations of assuming no significant change in the probability distributions of climate risk: the
portion of land experiencing >3 sigma summer heat in a given year increased from 0.1 to
0.2 % in 1951–1980 to 10 % in 2001–2011 (Hansen et al. 2012).

Further progress in climate change attribution is needed to improve our ability to separate
the influences of climate variability from the climate change trend, because this will provide
better predictive capacity and reduce uncertainties. Nevertheless, in some situations it is
possible to reduce risk without necessarily needing more accurate predictions of future
conditions through the development of no-regret, low-regret or robust adaptations (e.g.
Lempert 2013). Again the importance of assessments is emphasized: without ongoing
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evaluations of what we know and how we know it, and how that relates to specific decisions,
there will be little progress in managing changing risks. Similarly, personal experience of
climate extremes is a key factor affecting public opinion about climate change (Brulle et al.
2012) and being able to provide robust attribution of the human influence on these extremes
will likely be a key change factor in future public acceptance of climate change.

In the meantime, by ignoring the directional change component in climate, there is a risk of
a growing gap between ‘current best practice’ and ‘past practice’ as it relates to management of
climate for communities, land use, industry and ecosystems—resulting in either
underperformance or unnecessary risk.

6 Assessment, adaptation and the increasing role of non-government actors

If deviation of the climate from past patterns increases as anticipated, there may be an
increasing need for more transformational adaptations that involve significant changes to
human systems (Park et al. 2012). Of note, such dramatic changes may provide
opportunities for changing roles of non-governmental organizations (NGOs), academia and
the private sector in decisions and investments associated with adaptation. These different
actors often request or seek new and different kinds of information to support these decisions
(Dowd et al. 2014).

Governments have often been the insurers of last resort, stepping in after large-scale
disasters to subsidize recovery processes and to support more transformational change. But
government actors are becoming more hamstrung at multiple scales in many regions and

Fig. 2 Probability distribution for June-July temperature anomaly on land in the Northern Hemisphere. Baseline
normal distribution is for 1951–1980. Hansen et al. (2012)
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sectors, limited by resource availability as well as political will. Some foundations, NGOs and
businesses, particularly the re-insurance industry, are already encouraging proactive decisions
that will reduce risk (Tompkins et al. 2010). Private sector and civil society engagement seems
particularly critical where transformational changes may be required given that some govern-
ment organizations appear to be averse to decisions that lead to dramatic changes from
previous ‘best practices’ (Park et al. 2012). However, there will always be concerns about
how the private sector’s interests can be melded with the public’s interests in light of financial
and regulatory incentive systems in which they operate. There are more challenges ahead in
managing and assessing risk in a highly distributed, multi-actor context where professional
judgement and multiple kinds of evidence are used. A key challenge in an effective adaptive
response is understanding which trends and impacts to monitor, because there is such
imperfect understanding of the greatest sources of risk.

7 Assessment and management of interconnected risks

Risk has historically been analyzed in the context of the likelihood and consequence of
localized climate or other events. Unfortunately, historic analyses have sometimes missed
key sources of risk, including impacts that occur elsewhere on the globe. For example, many
companies evaluated climate risk primarily from the limited perspective of risk to their
physical facilities, until recent flooding events in Thailand made the issues of global supply
chain risk very clear (Wai and Wongsurawat 2009; Liverman 2015).

In addition to the interconnectivity of risks across distances, there are cascading effects of
risks across multiple sectors, due to the many lifelines that support proper functioning of
communities. The aftermath of hurricanes Katrina and Rita and of Superstorm Sandy
illustrated the interconnected impacts well beyond the immediate impacts of the
climatic event, such as overloaded health care systems, breakdowns of transportation
and communications systems, and disruptions of critical water supply, water treatment, and
electric power systems (Melillo et al. 2014). These cascading effects can often be anticipated
but frequently are not.

It is impossible to anticipate all sources of risk and even when they are anticipated, there
can be a range of rational reasons why effective risk management is not implemented. Hence,
there is a need for solutions that help limit the worst of possible impacts, and much more
sophisticated ways to formally assess their utility under a variety of future conditions. Help in
identifying which risks to focus on can be derived from targeted and more sophisticated
assessment processes that support risk management efforts and through strategic planning
processes for individual businesses, ecosystems, sectors, or communities that better include
climate risk and consideration of ideas such as robust adaptation and systems that are safe-to-
fail (e.g. Ahern 2011). But perhaps even more important is awareness of the underlying values
and institutions that lead to our existing decision processes and priorities.

These issues are made much more cumbersome by unclear and sometimes overly academic
definitions and disciplinary approaches to analysis (Hinkel 2011). The NCA3 authors as well
as managers in the Breal world^ struggle with issues of language, perception, statistics and
communication related to risk. But it is clear that a well-structured assessment process—
especially an ongoing and strategically focused effort to explore how risks change over time—
can help define risks in a meaningful way and help evaluate alternative paths forward for
managing them (e.g. Lonsdale et al. 2008). Working directly with affected decision-makers
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and stakeholders on these issues adds both complexity and richness to these discussions—and
is a cornerstone of developing useful and implementable strategies (Cash et al. 2003).

8 Paths forward for assessments and adaptation

One approach to dealing with complex intersections is, as illustrated in Fig. 1, starting the
discussion with identifying the values that stakeholders want to protect or develop rather than
with the expected changes in the climate system (e.g. van Aalst et al. 2008). Compared with
more top-down assessments, this alternative framing incorporates social science strategies and
techniques from the outset rather than being initiated after assessment of the biophysical
impacts. Pursuing adaptation by starting with values and aspirations may require triple-loop
learning [(Swieringa and Wierdsma 1992: starting with a first loop focused on what to do
(rules); followed by a second loop: learning what to do (developing insights); and finally
pursuing the third loop: learning how to learn (principles)]. One well-established approach that
can support this type of learning is testing the reaction of decision-makers to alternative
Bvirtual^ outcomes through participatory scenario development linked into adaptation planning
efforts to help with the transition from largely reactive responses to events to more anticipatory
paths and approaches. However, there can be significant policy and political dimensions, often
related to incumbency, that can act to limit or influence these processes (e.g. Vogel et al. 2007;
Moser and Ekstrom 2010).

Understanding the acceptability of different levels and types of risk to resources of value to
specific decision-makers and discussing the implications of potential disruptions to a range of
communities and systems helps put the costs and benefits of adaptation actions into perspec-
tive. In particular there is a potential need for the equivalent of business continuity planning for
communities, ecosystems, and institutions. Our perspective is that the current, deliberate
overlay of climate risks over existing planning processes is a Btransitional^ approach to
planning that bridges the gap between time-tested ways of doing business and the kinds of
decision processes that may be required in the future. For risk management to be truly
effective, the concept of change must be integrated into our psyches in a much more effective
way and incorporated into the planning and implementation of relevant activities: those
activities that are designed to maintain the status quo as well as those that are intended to
transform systems to a more robust future state.

We recommend a transition to embedding or mainstreaming information about future
climate conditions and associated stresses in decisions just as other kinds of risks and consid-
erations are managed: by evaluating implications for processes, outcomes, or objectives of
decisions and planning, rather than depending on independent climate change assessments.
This approach has frequently been raised in the literature but it may take time for this to become
both an explicit and implicit component of most planning and implementation and there are
likely to be many constraints to be negotiated (e.g. Moser and Ekstrom 2010 and see Section 9).
As climate considerations have so many subtle repercussions, integrating changing climate
conditions into strategic planning considerations is a challenge, but it must become ingrained in
our decision-making. There is however, a counterargument in the short term: mainstreaming
changing climate conditions into planning processes without accounting for political economy
and vested interests could result in diminishing attention being paid to the topic.

Although the US is only just beginning to explicitly incorporate climate considerations in
general decision processes, there are many examples of progress. For example, new Federal
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Emergency Management Agency flood maps and flood insurance policies require incorpora-
tion of Bfreeboard^ above current 100-year flood levels (based on expected sea-level rise by
mid-century) into coastal property insurance. The American Society of Civil Engineering is
working to incorporate climate change considerations into its engineering standards. Ongoing
assessments of the effectiveness of these and other adaptation efforts will allow evaluation of
progress in reducing risk and in embracing new planning and adaptation paradigms.

9 Future assessment/information needs for adaptation

As future assessments are designed and data are collected to facilitate evaluation of the
effectiveness of adaptation efforts, it will be important to consider when and how adaptation
decisions can most effectively be made at multiple scales and the information needs for
evaluating the Bripeness^ of information for supporting short versus long-term decisions.
This will require a strategic approach to assessment, with a range of products developed over
time (Buizer et al. 2013). Timing factors also need to be considered in planning for, paying for,
implementing, and assessing adaptation effectiveness. There are many technical challenges,
including relatively few sources of information that can resolve the data needs of specific
categories of stakeholders, difficulties in scaling projects up or down over time, and lags
between decisions, investments, and benefits, especially when preparing for high-impact, low-
probability events. Likewise there can be social and cultural challenges, particularly where
adaptation options have significant trade-offs or are conflictual in nature because of asymmet-
ric costs and benefits.

Path dependency is another important topic that needs attention when prioritizing adapta-
tion efforts. Analysis is needed that supports robust decision-making, the timing of decisions
and implementation relative to rates and sources of increasing risk, and optimizing across a
range of possible decisions at multiple scales. Future assessments could usefully address both
path dependencies and adaptation pathways, i.e., a more dynamic conception of adaptation in
the face of a continually changing climate.

10 Conclusions

This paper explores the multiple ways that assessments can support adaptation activities, and
provides some new perspectives on adaptation processes themselves. It provides a rationale for
prioritizing future assessments, with an expectation of moving beyond the concept of climate
adaptation as an explicit and separable activity from Bnormal^ planning and implementation
activities in the future. We suggest paths forward for practitioners who are interested in
managing risk, including in circumstances where climate change is not widely accepted as a
concept. Some of the options include supporting exploration of alternative futures through a
focus on extreme events of the past, and enhancing documentation of pre-adaptation
(historical) baselines from which to evaluate progress and allow learning.

Moving beyond climate drivers as the initiation point for adaptation and working instead to
identify the values and resources that need to be protected or developed in communities may
require a new set of assessment tools for managing risk, but it may also be a more useful
conceptual framing as the pace of multiple components of change continues to accelerate.
Engaging in sustained monitoring of what is changing and whether adaptation actions are
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effective in light of established values and goals is the logical next step, along with integrating
climate considerations into ongoing strategic planning activities and a wide range of decisions
about human systems. A more sophisticated use of decision analysis may also be
required, including assessing and understanding both actual and perceived risks in
specific decision contexts. In each case there is an explicit role for formal assessments in
enhancing adaptation processes.
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Abstract A number of knowledge gaps and research priorities emerged during the third US
National Climate Assessment (NCA3). Several are also gaps in the latest IPCC WG2 report.
These omissions reflect major gaps in the underlying research base from which these assess-
ments draw. These include the challenge of estimating the costs and benefits of climate change
impacts and responses to climate change and the need for research on climate impacts on
important sectors such as manufacturing and services. Climate impacts also need to be
assessed within an international context in an increasingly connected and globalized world.
Climate change is being experienced not only through changes within a locality but also
through the impacts of climate change in other regions connected through trade, prices, and
commodity chains, migratory species, human mobility and networked communications. Also
under-researched are the connections and tradeoffs between responses to climate change at or
across different scales, especially between adaptation and mitigation or between climate
responses and other environmental and social policies. This paper discusses some of these
research priorities, illustrating their significance through analysis of economic and internation-
al connections and case studies of responses to climate change. It also critically reflects on the
process of developing research needs as part of the assessment process.

1 Introduction

The third United States National Climate Assessment (NCA3) and the 5th and latest report of
the Intergovernmental Panel on Climate Change (IPCC) Working Group 2 are important
benchmarks in our understanding of the impacts of climate change and how we might respond.
They synthesize hundreds of studies of how climate change is affecting the Earth, socioeco-
nomic systems, and major regions. Yet, even after five IPCC reports and three US Global
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Change Research Program (USGCRP) climate assessments there are still major gaps in
research such that the overall picture of how climate change is affecting us is incomplete or
inaccurate and this may result in underestimates and inefficiencies in our response to climate
change.

The research agenda chapter of the National Climate Assessment (Corell et al. 2014)
together with the Sustained Assessment chapter (Hall et al. 2014) and the Sustained
Assessment Report (Buizer et al 2013) identified a number of these research gaps and priorities
based on input from other chapters, technical inputs to the NCA3 and the NCA advisory
committee. These gaps and research needs are identified in the first section of this paper
together with some guidelines for setting priorities for assessments.

These research gaps are then explored in greater depth including the need to study and
assess the full range of climate impacts on the economy and the importance of analyzing local
impacts in the international context of a globalized economy. Assessing a wider range of
impacts on the economy is an important step in informing decision makers and the public
about the climate impacts that may affect the sectors – services and manufacturing – that drive
most regional and national economies in terms of GDP and employment. Understanding local
impacts in an international context is critical if the research and policy community want to
understand how climate change can affect local costs of energy, food, water and other goods.
In an increasingly globalized world, with few trade barriers, many people and regions are
dependent on imported goods or on goods whose prices are set by global markets. Whether it
is the costs of computer components or oil or the price of winter fruit and vegetables,
companies and consumers in the US and elsewhere are likely to be affected by climatic
changes and extremes in other regions.

2 Research needs and the national climate assessment

Several methods were used to develop the research needs chapter of the NCA. Lead authors
for each chapter in the assessment were asked to provide a summary of the research
gaps and priorities identified in their chapters. The research needs chapter authors also
consulted the final chapter drafts for any material relevant to research needs. They
also used recent reports from the NRC and USGCRP as a background for the chapter,
and presented the list of research needs and criteria for priorities to two meetings of
the 60 member NCADAC (National Climate Assessment and Development Advisory
Committee) for comment. As with other NCA chapters the chapter was extensively
reviewed and revised in response to comments.

The research agenda chapter of the NCA identifies the importance of activities supporting
assessment such as research to observe and understand the climate system, improve under-
standing of climate impacts, vulnerability and adaptation pathways, identify mitigation options
and improve capacity and decision support (Table 1). As such, it directly responds to the legal
mandate to not only assess and evaluate what is known, but also to discuss uncertainties
(USGCRP 1990, Sec. 106). Of course, many of these priorities have been identified in other
reports (e.g., NRC Committee on America’s Climate Choices 2010) and most are included in
the US Global Change Research Program’s Strategic Plan (USGCRP 2012).

Within the goals and capabilities listed in Table 1 there are several research needs that
emerged strongly in the preparation of the NCA3 and discussions about prospects for a
sustained assessment beyond the report.
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First, as our understanding of the climate system improves, assessments require that we focus
on regional scale changes, possible thresholds and abrupt changes, and the interactions between
anthropogenic climate change, natural variability and climate extremes. We also identified the
need for development of indicators that can be used for regular reporting to policy makers and the
public that are understandable and allow for attribution and anticipation of change.

Second, in terms of understanding climate impacts and vulnerability, the key research
needs are to provide greater spatial and temporal detail in the monitoring and analysis of
impacts, especially to expand beyond static snapshots of vulnerability to more dynamic
analyses that reflect how climate interacts with other stresses on seasonal and inter-annual
timescales to alter vulnerabilities and impacts. Other priority research needs include better
understanding of the impacts of climate on particularly vulnerable groups and the interaction
of multiple stresses and uncertainties. Perhaps the most important research gaps are the need
for much better understanding of economic consequences of climate change, both in terms of
costs, the regional and international context, and the impacts on the full range of economic
sectors.

Third, there is a lack of research on pathways to adaptation including the identification,
selection, implementation and evaluation of adaptation options. In order to identify best
practices much better comparative research designs are needed that compare between different
adaptation strategies and with no adaptation, and which identify the institutional and behav-
ioral barriers to successful adaptation.

Fourth, the NCA research agenda chapter recognizes that managing climate risks, and
reducing vulnerabilities, impacts and the need for adaptation, requires a priority focus on
emissions reductions (mitigation) that reduce the risk of longer term climate change and
provide synergies with adaptation at the local level. Reducing the greenhouse gas
burden will reduce the severity and costs of impacts over the medium to long term.
Many local decision makers are trying to manage mitigation and adaptation within
single institutions and clusters of policies and need to understand the connections and
trade offs between the two.

For successful decision support the research chapter of the NCA highlights the importance
of better identifying decision-maker needs, especially under uncertainty, integrating informa-
tion into risk management and developing costing and modeling tools that allow users to
understand trade offs, benefits, and the implications for current action of long term scenarios.

Table 1 Research goals and cross cutting capabilities for assessment

Research Goals Foundational cross cutting research capabilities

Improve understanding of the climate system
and its drivers

Integrate natural, social, engineering and other disciplinary
approaches

Improve understanding of climate impacts and
vulnerability

Ensure availability of observations, monitoring and
infrastructure for critical data collection and analysis.

Increase understanding of adaptation pathways Build capacity for climate assessment through training,
education, and workforce development

Identify the mitigation options that reduce the
risk of longer-term climate change

Enhance the development and use of scenarios

Improve decision support and integrated
assessment

Promote international research and collaboration

Corell et al (2014) p 708
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In order to advance on these research needs, several cross-cutting capabilities are critical
including support for interdisciplinary research that allows integration and for the infrastruc-
ture and people that provide observations and data. In addition the chapter identified activities
that build capacity through education, training and workforce development that will provide
the skills and people who can participate in decision-making and climate risk reduction
activities. To the extent that climate risk reduction requires insight into the implications of
different pathways and decisions into the future the chapter also recommended enhancing
work on scenarios. And finally, the chapter emphasized the importance of international
cooperation to facilitate the sharing of data collection, research responsibilities and infrastruc-
ture, to support international negotiations, and to understand the ways in which local scale
impacts in the US are affected by climate changes elsewhere and global economic linkages
(see below).

The NCA also includes a chapter on the design and core features of a sustained assessment
– the ongoing process of understanding vulnerabilities and responses to climate variability and
change that supports the adaptive management of climate risk in the United States. Several of
the research needs mentioned above are especially important to a sustained assessment
including capacity and network building, data collection, and the development of indicators
and scenarios. A special report on sustained assessment (Buizer et al 2013) additionally
recommends the development of better valuation methods, greater attention to the international
context of US climate impacts, and more rigorous evaluation of assessment activities so as to
support ongoing learning within the assessment community and supporting agencies.

The next section expands on several of these research gaps, illustrating their significance
and some challenges in filling them in. This has required some new data analysis, theoretical
framing, and synthesis of case studies that were not fully incorporated into the NCA and other
recent assessments.

3 It's the economy….

The 2014 NCA report is one of many recent assessments that pay inadequate attention to key
sectors of the economy, especially manufacturing and services. It includes chapters on climate
impacts on natural resources such as water, forests, land and ecosystems, on urban, coastal,
indigenous and rural communities, and on transport, energy and health. While these chapters
include some discussion of climate impacts on infrastructure, food systems, or buildings they
do not adequately address the broader effects on the economic sectors that drive national and
regional productivity and employment. Emergent effects such as competition and trade offs for
capital, labor and government funds and taxation are also overlooked, especially as funds are
diverted to respond to climate change. This is partly due to the fact that that there is very
little underlying research base to assess. For future assessments to improve on this gap,
fundamental research on these sectors and connections is required. It is particularly important
to look at the impact of changes in extremes.

Agriculture contributes just over 1 % to US Gross Domestic Product (GDP), whereas
industry and manufacturing constitutes 20.5 % and services are 78 % (Table 1). Industry
includes mining, construction, utilities, transport, and the manufacturing of durable goods
(e.g., machinery, electronics, motor vehicles), food and beverages, textiles and paper, and
chemicals. Each of these contributes more to GDP than the whole agricultural sector. The
service sector includes tourism, information, arts and media, finance and insurance, real estate,
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retail, law and professions, waste management, education, health care and government.
Finance and real estate, professional services, and government contributed the most to
USGDP in 2012 (see Table 2).

In terms of employment, the agriculture, forestry, and fishing sector is only 1.6 % of jobs,
whereas services are 79.5 % and industry and manufacturing are 13 % of employment (US
Bureau of Labor Statistics 2015 www.bls.gov). Most Americans work in manufacturing (8 %),
retail (10 %), professional services (12 %), education and healthcare (14 %), arts, hospitality
and tourism (10 %) and government (15 %).

While some sectors of manufacturing and services are discussed in assessments and in the
research literature others are almost completely overlooked and under researched, especially
given their significance to the economy and employment. Tourism, transport and insurance
have received the most attention; textiles, auto and electronics, retail, and IT are rarely even
mentioned. Although there are hundreds of studies on climate impacts on agriculture hardly
any of these track the impacts through commodity chains and the food system to assess the
effects on the enormous food wholesale and retail sector.

This lack of attention to important economic and employment sectors is a research gap in
terms of full accounting of climate impacts and a national and regional response to climate
change, and also has serious implications for public and policy awareness of climate risks and
opportunities. If research overlooks the sectors where most people work, and which drive our

Table 2 Economic sectors and the US Economy in 2012

Economic Sectors Value added as%
of GDP1

Employment (thousands
of jobs)

Percent
employment2

AGRICULTURE, FORESTRY, FISHING AND
HUNTING

1.2 2122 1.6

INDUSTRY 20.5 13.00

Mining, oil and gas 2.6 800 0.60

Utilities 1.7 554 0.41

Construction 3.6 5640 3.9

Manufacturing Durable Goods 6 11918 8.2

SERVICES 78.3 79.5

Services Wholesale trade 5.9 5672 3.9

Services: Retail trade 5.7 14875 10.2

Services: Transportation and warehousing 2.9 4414 3.0

Services: Information 4.8 2677 1.8

Services: Finance, insurance, real estate, rental,
and leasing

19.5 7786 5.4

Professional and business services 11.9 17930 12.3

Educational services, health care, and social
assistance

8.2 20319 14.0

Arts, entertainment, recreation, accommodation,
and
food services

3.71 13745 9.5

Government services 13.5 2113 15

Data Source: 1. US Bureau of Economic Analysis 2015 http://bea.gov/industry/ (Accessed April 2014), 2.
Bureau of Labor Statistics 2015 www.bls.gov (Accessed July 2015)
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economy, then it is not surprising that many key decision makers and the public are inattentive
to assessments and the risks of climate change.

Even at the regional level, agriculture and forestry are not very important to state economies.
No state obtains more than 15% of their GDP from agriculture and forestry, and only the Dakotas,
Iowa, Kansas, Montana, Idaho, and Nebraska have agriculture and forestry as more than 5 % of
state GDP (US Bureau of Economic Analysis 2014 http://bea.gov/iTable/index_regional.cfm).

Why have industry and services been overlooked in climate impact research and assessments?
Although the IPCC did include a chapter ‘Key Economic Sectors and Services’ in the latest report
(Arendt and Tol 2014) it focused on climate impacts on energy and water demand and supply and
on transport, tourism and insurance. Only a brief section and a few references commented on the
impacts onmining,manufacturing, real estate, finance, and health services. Indirect impacts on the
economy were assessed through general equilibrium models with very little discussion of supply
chains. The report states BFor most economic sectors, the impact of climate change will be small
relative to the impacts of other drivers (p 662) and BEconomic activities such as agriculture,
forestry, fisheries, and mining are exposed to the weather and thus vulnerable to climate change.
Other economic activities, such as manufacturing and services, largely take place in controlled
environments and are not really exposed to climate change^ (p. 688). However the impacts on
manufacturing and services from Hurricane Sandy, of cooling or pollution control costs during
heat waves, and on supply chains from the Bangkok floods suggest that these sectors suffer
considerable exposure to climate change (see references below). The IPCC chapter does admit,
BNot all key economic sectors and services have been subject to detailed research^ (p 663) and
proposes more research is needed on manufacturing and services.

Both the IPCC and NCA overlook literature in business and economic geography that
would provide important insights into supply chain vulnerabilities and climate impacts on key
sectors (e.g., Jarmin and Miranda 2009; Leichenko and Thomas 2012; Linnenluecke at al
2011; Peck 2006; Webb et al 2000). The coastal and urban chapters of both the IPCC (Field
et al. 2014 Chapter 8) and NCA (Melillo et al. 2014 Chapters 11 and 25) assessments do
discuss the impacts of climate change on ports, infrastructure and energy dependent industries
but the manufacturing and service sectors are given little attention beyond cities and coasts.
The technical inputs to the NCA on infrastructure and urban systems and on energy supply and
use provide useful overviews of what is known about impacts on energy exploration,
generation and costs and on urban infrastructure, especially transportation (Wilbanks and
Fernandez 2012; Wilbanks 2012). Although mention is made of supply chain links and of
impacts on energy manufacturing there is little detail on key sectors such as retail, finance, or
goods manufacturing except by inference from discussion of energy, water or infrastructure.

The transport and coastal chapters of the NCA do raise concerns about how climate impacts
on US infrastructure may affect trade through, for example, sea level rise impacts on ports and
canals or flooding of road and rail routes.

Many journals (e.g., Disasters, Natural Hazards) have articles that discuss the impacts of extreme
climate and weather events on business (e.g., Marshall and Schrank 2014; Schrank et al 2013; Xiao
and Nilawar 2013). Research after Hurricane Sandy is providing important insights into which
sectors suffer and benefit from climate extremes in the U.S. (Leichenko et al 2014; Mantell et al
2013; Rosenzwieg and Solecki 2014; USDepartment of Commerce 2013). These studies show that
the impacts of Hurricane Sandy were severe in the short term – with almost a billion dollars in lost
tourism revenues, another billion in property damage, more than 50,000 jobs lost and declines in
productivity in the utilities, chemicals, food and electronic industries – but there were some benefits
for the construction sector during longer term recovery and many sectors rebounded within a year.
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Floods, winds and service disruption affectedmore than 10,000manufacturing facilities and in New
Jersey almost 20,000 small businesses were damaged (US Department of Commerce 2013).

One reason for the lack of attention to manufacturing and services is that the government
departments with responsibility for the service and manufacturing sectors are less likely to
have staff with expertise relevant to environment and climate change and do not play a major
role in the USGCRP.

Future assessments should take account of a broader scope of literature, especially in
business and on natural disasters. There is clearly a need to encourage more research on
climate impacts on manufacturing and services including case studies, detailed modeling and
following secondary impact (Dell et al 2013). Disaggregating sectoral impacts provides
insights into distributional effects whereby some sectors lose and others benefit from climate
extremes and change – such as when a construction boom, fueled by government relief and
insurance payments, rebalanced regional economic productivity following Hurricane Sandy.

4 Climate impacts in a globalized economy

Understanding how contemporary economies function is also critical to understanding how
communities are affected by climate change far beyond their local region, and reveals how
studies that do not pay attention to global links can misjudge local climate impacts. The NCA
and many other regional climate impact studies generally do not take account of the global
context for local climate impacts. For example, in most regions of the US the supply of food,
energy and other goods is imported from other regions and countries, so that only looking at how
climate affects local agricultural, energy and economic production provides only a partial
window on how climate change and variability affect US communities. Most major companies
operate within global supply and value chains, where for example, the automobile industry and
major food retailers can be affected by climate events far across the world (Jira and Toffel 2013).

The best example of supply disruption is probably that of the 2011 floods in Thailand that
damaged an important manufacturing center around Bangkok (Benfield 2012; Courbage and Stahel
2012). As business adopts ‘just in time’ supply of key parts or depends on raw materials and
manufactured goods in climate vulnerable agglomerations of facilities the risk of climate disruption
can increase (Smith 2013). When serious flooding inundated industrial estates around Bangkok the
estimated loss of manufacturing production cost over $40 billion US with impact on more than
14,500 companies and critical supply chains for automobiles and computers (Abe and Ye 2013;
Amado et al 2013). Nissan and Toyota both had to suspend production worldwide because of
problems in obtaining parts from Thailand. Only ¼ of the loss was insured (Courbage and Stahel
2012) and global prices of hard disks doubled because almost half of the world’s hard disks were
produced in Thailand. The vulnerability of these global supply chainswas increased by geographical
conditions in Thailand including construction on flood plains, deforestation upstream, and problems
in water governance (Haraguchi and Lall 2013).

The humanitarian NGO Oxfam has identified supply chain vulnerability as a key compo-
nent of corporate responsibility in which business needs to understand and manage the impacts
of climate on the small-scale producers they depend on (Thorpe and Fennell 2012). They use
case studies of coffee company Starbucks and retailers Marks and Spencers and the Body Shop
to show how the supply chains of these companies are vulnerable to climate change impacts on
coffee, cotton and sesame oil, and the strategies that can reduce the vulnerability of source
regions and producers.
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There are lots of examples of the dependence of other U.S. regions on imports and global
supply chains. For example, Table 3 shows key categories of imports into the US. Of total 2012
imports of $1.8 trillion dollars, almost 1/3 of the value was machines (e.g., computers), 14 %
transport (e.g., cars), 25 % chemicals, minerals and metals, and about 6 % each for textiles and
food. Economic vulnerability to climate shocks and change beyond the US depends on the
sources of imports. In 2012 44 % of US imports were from Asia (mostly China, Japan and
South Korea), 23 % from Canada and Mexico and 23 % from Europe (Table 4).

Climate impacts are also mediated by prices that are established over very large regions in a
world dominated by free trade. The price of grains, oil, minerals and other goods are set within
global commodity markets that can be driven by events and speculation anywhere within a global
system. The spike in food prices that occurred in 2008-09 (Fig. 1) was driven by a combination of
increased demand for biofuels worldwide and for meat and dairy in Asia, increased prices for
energy and inputs, and climate caused declines in production of basic grains in regions as far apart
as Australia and Eastern Europe (Ingram et al. 2010; Von Braun and Tadesse 2012). Speculation
exacerbated volatility and the price increases prompted many farmers to put more land and inputs
into production in subsequent years (Clapp and Helleiner 2012; Clapp 2014).

As an example, a freeze that damages citrus production in Latin America can benefit producers
in Florida who can sell at higher prices; sour cherry production in the US Midwest interacts
through markets with production in Poland. The globally connected food system is a powerful
example of how even when climate has some negative effects on local agriculture, farmers can
still benefit if things are worse elsewhere and they can obtain higher prices. Those studies that
focus only on yields, or which do not take account of traded goods and global price signals are
providing inaccurate insights into climate impacts in a globalized world. Several recent projects
are starting to look further at the need for multiregional climate assessments as they relate to
international markets (Barsugli et al. 2013; Winkler et al 2010; Liu et al 2013)

5 Identifying research needs through assessment

The NCA chapter on research needs was based on a review of research gaps noted in various
topical and regional chapters and through specific requests to chapter authors. In my own view

Table 3 U.S. imports of key
commodities

Source: MIT Atlas of Economic
Complexity http://atlas.media.mit.
edu/)

Sector Percent of import
value

Machines and instruments 34.10 %

Vehicles 14.05 %

Chemicals and Pharmaceuticals 9.30 %

Oil 5.26 %

Other Minerals 3.47 %

Metals 8.94 %

Textiles and footwear 7.13 %

Plastic and Rubber 3.75 %

Food 2.93 %

Other (paper, wood, glass, animal and veg
products, art, weapons)

11.07 %
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this did not produce the most effective or useful list of research needs because some chapters
and chapter authors did not actually identify research gaps and there was overreliance on the
previous experience of the Research Needs chapter authors. Such exercises also run the risk of
generating laundry lists of every research gap and individual priority, because selecting the
most important research needs is very challenging. Partly because of this we also relied on
National Research Council (NRC) and US Global Change Research Program reports such as
America's Climate Choices and the USGCRP Strategic Plan, which devoted more time and
resources than the NCA to research needs identification.

Why is it important to have a research gaps chapter in assessments? How might such a
chapter be developed more rigorously in sustained or future assessments?

Drawing on my own experience I can suggest several barriers and challenges in the
development of research needs reports and chapters. There are also several research articles
that address the assessment process –mostly the IPCC – that are helpful in considering barriers
to assessments and their role in defining research needs (Anderegg et al 2010; Berkout 2010;
Griggs 2014; Grundmann 2012; Hulme 2010; Janko et al 2014; Jasanoff 2010; Jones
2013: Lahsen 2013; Lemos and Morehouse 2005; Shapiro et al 2010; Stocker 2013; Tol
2011; Viner and Howarth 2014; NRC 2007)

First, almost all assessments and National Academy reports are primarily based on volun-
teer efforts or time taken from other responsibilities. Authors and members of committees are
drawn from the scientific community and key stakeholders who almost always have full-time
jobs in universities, government, the private sector, or nongovernmental organizations. While
every effort is made to include the top experts in relevant fields, some key individuals may be
too busy to participate. Although most individuals are not paid, the costs of bringing people
together and of even a modest support staff can limit participation, especially if international
expertise is required. There may also be a tendency to rely on the usual experts because of their
seniority and reliability, rather than early career scholars with new ideas and more diverse
perspectives. To be sure, many early career scholars will choose to devote their time to original
scholarly work in order to advance their careers and younger researchers from developing

Table 4 Origins of US Imports

Source: MIT Atlas of Economic
Complexity http://atlas.media.
mit.edu/)

Name Percent

China 22.11 %

Mexico 13.61 %

Canada 9.83 %

Japan 7.79 %

Germany 5.98 %

South Korea 3.49 %

United Kingdom 2.91 %

France 2.03 %

Italy 1.98 %

India 1.88 %

Brazil 1.52 %

Ireland 1.50 %

Switzerland 1.30 %

Rest of world 24.07 %
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countries may face even greater financial barriers. Training in assessments and synthesis is
rarely part of graduate or early career experience.

While the NCA took considerable effort to include a diverse set of scholars, my personal
observation and discussions with authors suggest that some chapters and discussions were
dominated by seasoned experts. Especially when it comes to research needs, younger scholars
may be reading a broader range of literature.

A second consideration is the need to rely on the peer-reviewed literature – a problem
mostly for the IPCC since the NCA did include publically available non-peer reviewed reports
under the Data Quality Act requirements. Some assessments have been cautioned not to use
reports or other publications that are not peer-reviewed even when they include information
that might fill research gaps. This can be a particular problem in evaluating the impacts climate
on the business community or at the local level where important case studies occur in non-peer
reviewed reports or the media. Thus, information to fill the research gap is there that cannot be
used. For assessments that need regional results, the constraint maybe the difficulty of

Fig. 1 The nature and selected causes of the 2007-08 food crisis. Food price index showing steep increases in
2007-08 and 2011 driven by a) increasing per capita consumption of meat in Asia (data from faostat.org) b)
lower food reserves in 2008 (Data from USDA FAS) c) steep increase in biofuels, especially from maize (data
from US Energy Information Agency) d) speculation in agricultural commodities as indicated by Dow Jones
agricultural index with increases in 2007-08 and from 2011-2013 (data from Dow Jones S&P GCSI) d) bad
weather in key regions. Factors not shown include increases in energy and input costs and protectionist policies
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publishing yet one more regional case study in a peer reviewed research literature that prizes
originality. One solution is to encourage the publication of papers that review and evaluate
non-peer reviewed literature in ways that represent peer review.

A third observation is the tension that sometimes emerges between identifying new research
priorities and the process of funding research through government agencies. Agencies and
their representatives who help write research agenda chapters may feel constrained by the
politics of research funding, the time it takes to develop new funding programs and get them
approved, the need to support expensive and essential long-term observations, and a reluctance
to end client relationships with productive and powerful groups of scientists or institutions.

As just one example, many research agenda reports and assessments argue for more social
science research but it is difficult to shift money from the natural to social sciences when most
agencies employ mostly natural scientists, are more comfortable with natural science research,
or fear political skepticism of social sciences (Agrawal et al 2012; Carey et al 2014; Castree
et al 2014: Hackmann et a 2014; Grundmann 2012; Lahsen 2013; Stern et al 2013; Weaver
et al 2014; Whitmarsh et al 2011). Calls for more social science involvement have been made
many times over the years (USNRC 1992). And although NRC committees are independent,
their findings can be constrained by the task they were given by the NRC or study funders.

Fourth, authors may also be reluctant to identify a large number of research gaps in case this
undermines messages about what we do know. Studies suggest that when scientists to discuss
uncertainties and the limits of knowledge this can reduce public and decision-maker confi-
dence in assessments and recommendations.

Finally, climate assessments, for the most part, have approached their task beginning with the
climate science and connecting through resource impacts to the rest of society. The alternative
would be to begin with what matters to society, the economy, or stakeholders and then work back
to understand if and how these issues are sensitive or vulnerable to climate change (Lemos et al
2012, 2014). This might result in different authors, research agendas and assessment chapters.

6 Conclusion

This paper summarizes some of the research gaps and needs that emerged from the US National
Climate Assessment and takes the opportunity to reflect on the process and limitations of
identifying research needs during assessment. Two research gaps are explored in greater detail
– the impacts of climate change on key economic sectors and the importance of assessing impacts
within a global economy. The importance of these two topics are demonstrated by discussing
relevant literature that was not sufficiently included in the NCA or recent IPCC reports, and by a
new analysis of economic data that demonstrates the importance of the services and manufactur-
ing sectors and of the role of commodity chains and trade in connecting climate change and
extremes elsewhere to impacts within US regions. Unless we domore research on climate impacts
on manufacturing and services –which constitute most of the productivity and employment in the
US and many other countries – assessments will not include the sectors where most people work
or where most business and government generates growth. And unless we take account of the
increasingly global connections that influence local food, energy and other commodity prices we
will be unable to provide useful and accurate assessments of how climate variability and extremes
affect regions, states and communities. Filling these gaps should be a high priority within
sustained and future assessments if we want decision makers and the public to understand the
full scope of climate change effects and if we wish to develop comprehensive responses.
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Abstract The Third US National Climate Assessment (NCA3) was produced by experts in
response to the US Global Change Research Act of 1990. Based on lessons learned from
previous domestic and international assessments, the NCA3 was designed to speak to a broad
public and inform the concerns of policy- and decision-makers at different scales. The NCA3
was also intended to be the first step in an ongoing assessment process that would build the
nation’s capacity to respond to climate change. This concluding paper draws larger lessons
from the insights gained throughout the assessment process that are of significance to future
US and international assessment designers. We bring attention to process and products
delivered, communication and engagement efforts, and how they contributed to the sustained
assessment. Based on areas where expectations were exceeded or not fully met, we address
four common tensions that all assessment designers must confront and manage: between (1)
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core assessment ingredients (knowledge base, institutional set-up, principled process, and the
people involved), (2) national scope and subnational adaptive management information needs,
(3) scope, complexity, and manageability, and (4) deliberate evaluation and ongoing learning
approaches. Managing these tensions, amidst the social and political contexts in which
assessments are conducted, is critical to ensure that assessments are feasible and productive,
while its outcomes are perceived as credible, salient, and legitimate.

1 Introduction

The Third US National Climate Assessment (NCA3) was produced in response to require-
ments of the US Global Change Research Act of 1990. While now a government document,
the NCA3 report is also Bowned^ by its 240 plus authors and others who contributed to it
(Jacobs and Buizer 2015 this issue; Cloyd et al., Submitted for publication in this special
issue). Based on lessons learned from previous domestic and international assessments (NRC
2007), the NCA3 was strategically designed to speak to a broad public and address the
concerns of policy- and decision-makers at various levels of government. Beyond these
objectives, the NCA3 was intended to be the first step in an ongoing assessment process that
would build the nation’s capacity to respond to the challenges increasingly posed by climate
change (Buizer et al. 2013). Whether or not these intentions and hopes will be realized will be
determined by actions over the coming years and through independent evaluations of the
successes and failures of the NCA3. Meanwhile, this Special Issue provides detailed inside
views on how the assessment was conducted, and focuses attention on areas where significant
progress has been made and others where the assessment’s designers’ own expectations were
not fully met. Although its focus is US-specific and its design is a consequence of the political
and economic circumstances that prevailed during its development, the NCA3 is a prominent
example of common challenges and tensions that all assessment designers and implementers
may face (e.g., NRC 2007; Clark et al. 2006). It also serves as an example of how to address
them. In this final paper we identify cross-cutting lessons and synthesize some of the most
salient advice from the authors across the Special Issue.

In doing so, we clearly recognize that all assessments must respond to specific legal
requirements, charters, or policy questions, and that institutional and fiscal conditions will
be significant factors in shaping the Bart of the possible.^ At the same time, the design of an
assessment is always motivated (or burdened) by multiple – and sometimes divergent –
expectations of what it is intended to accomplish (NRC 2007). The federal advisory committee
for the NCA3, the National Climate Assessment Development and Advisory Committee
(NCADAC), for example, explicitly decided to go beyond the minimum task of summarizing
and assessing the state-of-knowledge on climate change in order to better meet the needs of
society. In the absence of a fully developed US National Climate Service (Miles et al. 2006),
some NCA3 participants hoped that the assessment would fill some of the information needed
in adaptive management and planning. The NCADAC also chose to build Bknowledge
networks^ involving scientists and decision-makers who could share expertise and together
identify the most critical issues for the assessment. This was intended to enhance the relevance
of the NCA3, but also to build adaptive capacity across regions and sectors of the US.

The high-level lessons detailed below are selected on the basis of their wider relevance,
intending to inform and inspire future assessment experimentation, both nationally and
internationally.
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2 NCA3’s significance to assessment designers

Given ongoing rethinking of major international assessments, such as those conducted by the
Intergovernmental Panel on Climate Change, the Intergovernmental Platform on Biodiversity
and Ecosystem Services, the OECD and others, there are a number of reasons why the lessons
learned from the NCA3 might interest policy-makers and assessment leaders internationally.

First, national climate assessments are an essential foundation for adaptation and mitigation
work undertaken within countries, but also serve as a foundation for international policy
discussions. US federal agencies (e.g., Department of Commerce, USAID, Department of
State) use such assessments to support international policy development which affect govern-
ment activities beyond US borders. For example, NCA3 served (even while still in draft form)
as the foundation for the most significant Executive Branch commitment to international and
domestic climate action in US history. It has been explicitly cited as the scientific basis for
dozens of resilience-related government efforts, including the President’s Climate Action Plan
(Executive Office of the President 2013).

Beyond its direct relevance to policy, NCA3 is of interest to international audiences because
of the innovative approaches and strategies employed in its design and conduct. Among these
innovations were its risk-management framing, the treatment of uncertainty (Moss, Submitted
for publication in this special issue), experimentation with the role of assessments in building
capacity for adaptation (Jacobs and Buizer 2015 this issue), the process documentation
provided in a series of methodology workshops and associated assessment methodology
reports, the innovative electronic delivery of the final product (Waple et al., Submitted for
publication in this special issue), and the development of indicators of change (Kenney et al.,
Submitted for publication in this special issue). We do not discuss these particular innovations
here again (see cited papers), but focus instead on the larger, cross-cutting lessons learned in
the NCA3 below.

Due to the integrated nature of human-environmental systems, the risks and opportunities
associated with climate change cascade across sectoral and international boundaries. This
makes a clear-eyed assessment of risks in any country of mutual interest to those managing
emissions and minimizing risks across the globe. Even climate drivers that cause direct local
impacts in certain places (e.g., sea-level rise and related hazards affecting specific areas of the
coast) can result in indirect ripple effects (e.g., via the insurance and reinsurance industry or
international trade) in other regions, sectors, and nations (Moser and Davidson 2015 this issue).
Negative impacts on Indigenous lands and cultures are of global significance (Maldonado et al.,
Submitted for publication in this special issue). Similarly, economic impacts due to changes in
ecosystem services (Grimm et al., Submitted for publication in this special issue), agricultural
productivity, and so on occurring in theUSwill indirectly affect other countries. The converse is
also true. In a globalized economy, nations are inextricably linked in myriad ways, and these
linkages can be explored through assessment processes (e.g., Moser and Finzi Hart 2015).
Although the NCA3 does not fully articulate the international implications of climate change on
the US (Liverman 2015 this issue), there are multiple instances where these issues are discussed
in the NCA3. More fully evaluating the issue of international interdependencies is an unfilled
priority that needs to be addressed in future US assessments (Buizer et al. 2013), and is a good
example of the transferable research and assessment needs that every nation faces.

Given the important role assessment play in documenting where impacts are manifesting
and whether mitigation and adaptation efforts are sufficient to prevent and/or limit harm, a
fuller appreciation of the interaction between assessments and climate responses (e.g., Howden
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and Jacobs, Submitted for publication in this special issue) and the need for evaluating
decision-support needs and capacities (e.g., Moss, Submitted for publication in this special
issue) is relevant well beyond the US experience.

Furthermore, the US investment in climate science is the largest of any country globally
(see annual research budgets in the BOur Changing Planet^ publications at www.globalchange.
gov). Periodic efforts to integrate, analyze and evaluate the outcomes of this investment also
serve as a critical contribution to climate knowledge for the global community. The integration
of multiple kinds of knowledge – ranging from physical climate science, to social science, to
tacit knowledge of resource managers – enhances the relevance of the findings of the US
Global Change Research Program (USGCRP), serves as a contribution to knowledge well
beyond the US, and is of special interest to scientists and policy-makers worldwide.

Finally, an important innovation is the unprecedented degree of public engagement and
transparency that permeated the NCA3 process (Cloyd et al., Submitted for publication in this
special issue). There was substantial perceived risk to the process itself associated with the
decision to maximize engagement of many regional and sectoral experts who had never before
been engaged in climate assessment processes. Though this risk was a source of concern to
many and was used as a rationale for cutting back on public outreach and engagement on
occasion, in retrospect, these efforts proved very successful and may actually have served as a
kind of shield against unwarranted criticism for the process and the outcomes. This is an
important lesson for others as they move forward in assessing climate risks and opportunities.

3 Process, products, engagement and communications strategy,
and the sustained assessment

The charge given to the NCADAC, which oversaw the NCA3, had two parts. The first part, as
set out in the NCADAC charter, was Bto synthesize and summarize the science and informa-
tion pertaining to current and future impacts of climate change upon the United States.^ The
second was Bto provide advice and recommendations toward the development of an ongoing,
sustainable national assessment of global change impacts and adaptation and mitigation
strategies for the Nation.^ This two-part charge guided the work of everyone involved in the
design and production of NCA3 and framed the recommendations submitted to the
USGCRP regarding a sustained assessment process (Buizer et al. 2013). Here, we reflect on
three core aspects of NCA3 – its process, its products, and its engagement and communication
strategies – and how these aspects relate to the sustained assessment, as a first way to
synthesize insights and lessons learned from the assessment.

3.1 Process

Participants in the NCA3 generally agree that it was successful in building an actively engaged
assessment community while also promoting engagement of stakeholders and informing
decision-making. From the perspective of the authors of this article, important process
successes included the internal assessment management and staffing, the consensus decision
process established by the NCADAC, the structure and leadership provided by the Executive
Secretariat (established to help manage the process given the 60-member NCADAC), the
overall transparency of the process, the active engagement of federal agencies (in some
instances significantly more than in previous assessments), the broad participation of both
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knowledge users and producers, and the fostering of strong regional climate-assessment nodes
(Cloyd et al., Submitted for publication in this special issue).

Beyond the explicit focus on including new faces and multiple perspectives in leadership and
author teams, the expanded role of the federal agencies in this process1 not only facilitated
financial support for the assessment, but it also fostered participation of talented federal scientists
with expertise in how to access and interpret information (e.g., large government-collected
datasets) relevant to the assessment (Waple et al., Submitted for publication in this special issue).
The NCA3 also successfully built interdisciplinary author teams (including social scientists) and
asked process experts to help facilitate effective interaction among diverse participants.

Based on discussions with NCA3 authors and stakeholders, the broad participation fostered
engagement and dialogue. In a number of cases, this led to the co-production of new knowledge
(e.g., in the coastal chapter; Moser and Davidson 2015 this issue). The strong regional assess-
ment teams supported regional and sub-regional analyses of climate impacts and geographically
relevant responses, each producing peer-reviewed and subsequently published Bfoundational
documents.^ These teams also provided a structure from which to engage decision-makers and
inform stakeholders potentially interested in climate changes, impacts, and responses.

Not all aspects of the assessment process were unqualified successes, however. Areas in which
the process fell short included inconsistent deployment of the risk-based framing and the guidance
on documenting degrees of certainty in the findings (Moss, Submitted for publication in this
special issue). Looking to the future, the framing approach and instructions about characterizing
degrees of certainty must be communicated to authors early and clearly (as noted in NRC 2007),
and applied consistently across all outputs produced in the sustained assessment process. In
addition, while external experts had recommended including risk communication and uncertainty
assessment experts on every team, the realities of timing, author selection criteria, and resources
precluded this. Similarly, formal evaluation of assessment and decision-support processes was not
as well integrated into the NCA3 as it could have been. Improving the dialog about decision-
maker needs and useful products at all stages of the assessment process would strengthen future
assessments efforts (Moss, Submitted for publication in this special issue). The methodology
workshops and specific training workshops for authors before assessment activities commence
could be used for such capacity building.

3.2 Products

From the perspective of the authors of this paper, NCA3 products can be judged successful
along various dimensions. They include technical reports that served as inputs to the regional
and most of the sectoral chapters of the synthesis report, the highly integrated and very clearly
written highlights document, and an exceptional web site. The technical reports not only helped
to provide a solid foundation for the public review draft of the 2014 quadrennial report, they
also contributed to achieving a major objective of the assessment – engagement of a broad set of
experts and stakeholders in the process. The highlights document captured the essence of the
much longer synthesis report in a way that proved very accessible to the press and played an
important role in the extensive coverage of the NCA3 in newspapers (over 10,000 articles
published within a year of the release of the NCA3), on radio and TV, and on new and social
media. Web statistics suggest that regional chapters are of particular value to readers – most
likely a reflection of people’s interest in what happens in the places where they live. The

1 Each federal agency was represented by an ex officio member on the NCADAC.
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overview document and the NCA3 web site have both proven to be excellent teaching tools,
and are being used widely to educate and inform the public about climate change, its impacts,
and possible adaptation andmitigation responses (Cloyd et al., Submitted for publication in this
special issue). Another successful product-related innovation was the initiation of a national
indicator system, which is intended to be regularly updated to help monitor changes over time in
a more consistent way (Kenney et al., Submitted for publication in this special issue) .

The biggest product-related challenge came when the deadline for completion was looming.
Complex parallel processing occurred at this time and involved the simultaneous production of
final chapters and multiple synthesis materials, as well as the creation and deployment of the
website; it proved challenging to do all of this while maintaining consistency across all of the
products. However, these challenges were mostly overcome through the work of dedicated
USGCRP and Technical Support Unit staff.

3.3 Communication and engagement

Internal and external communication about NCA processes and products was highly effective,
thanks in part to a dedicated working group of the NCADAC that worked with USGCRP staff
to develop relevant strategies early in the NCA3 effort. The assessment distinguished com-
munication (two-way exchange about the assessment) from engagement (forms and opportu-
nities for participation in the assessment process).

Regarding the former, the staff and technical editors’ efforts to produce written documents
(and associated graphics) in an accessible style and consistent voice, and the online delivery
with easy links to social media, were critical elements in successful communication (Cloyd et
al., Submitted for publication in this special issue). Regarding the latter, the creation of the NCA
network (NCAnet) was perhaps the single most innovative aspect of the NCA3. NCAnet served
as one of the principal venues for engagement of outsiders with the NCA process, and continues
as a Bnetwork of networks^ that engages people across the US. The more than 150 NCAnet
partner organizations have extended the NCA process and products to a broader audience than
could have been reached otherwise. They have developed assessment-related capacities and
products, hosted workshops, town halls and media events, collected and synthesized data, and
produced technical and scientific information relevant to current and future NCA reports. In
addition, NCAnet partners have disseminated report findings to various audiences and pro-
duced secondary products related to the NCA and NCA findings. For example, the National
Council for Science Education supports an education affinity group within NCAnet that has
produced curricula, webinars and other training sessions based on NCA3 content. Further,
NCAnet partners helped produce – for the first time – a summary of NCA3 findings in Spanish
for the 50+ million Americans who speak Spanish in their homes daily.

A major challenge in communication involved the management of expectations of the
public after the public review period, but before the release of the completed report. Thirteen
months elapsed between the close of the public review period and issuing the final NCA3.
During this time, four important activities occurred: (1) revisions of the public review draft in
response to comments; (2) evaluation by review editors of the degree to which the revisions
were responsive to the public review comments; (3) several rounds of technical review of the
revised NCA3 drafts by scientists at USGCRP agencies and at the Office of Science
Technology Policy; and (4) signoff by report authors, and subsequently the NCADAC, on
the final draft of the report. The public was interested in following progress of the process and
could do so in a general way, but did not get to see each iteration. Carefully managing the need
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for transparency and legitimacy and the need for efficient completion of the full report without
undermining its credibility or its salience was a challenge in the NCA3 and is an issue for all
large-scale assessments.

3.4 Sustained assessment process

The NCA3’s overarching goal of establishing a highly credible, ongoing assessment process was
linked to three sub-goals: building a foundation of engagement with assessment partners,
creating easily understandable and accessible products that can be updated on an ongoing basis,
and ensuring transparency and testing effective assessment processes. Details of how to best
implement this set of goals are still evolving within the USGCRP and are guided, in part, by a
special report produced by the NCADAC, Preparing the Nation for Change: Building a
Sustained National Climate Assessment Process (Buizer et al. 2013). Some recommendations
have already moved from idea to action (Buizer et al. 2015 this issue). For example, targeted
topical assessments were suggested that meet user- or expert-identified information needs and
can serve as inputs into subsequent quadrennial reports. The first of these targeted reports,
entitled The Impacts of Climate Change on Human Health in the United States: A Scientific
Assessment, is being completed at the time of this writing. A USGCRP Indicators Initiative
(Kenney et al., Submitted for publication in this special issue) is now in a pilot phase.Workshops
have been held on the development of land use/land cover and population scenarios for use at
sub-national scales. Additionally, the preparation of usable climate scenarios is being discussed.

Other topics and recommendations appear to be lagging. Of greatest concern is that the focus
of activity remains almost exclusively on the production of reports coordinated through federal
agencies. The special report’s recommendations to move toward a wider range of NCA products
such as data sets, scenario planning methods, tools for vulnerability assessments, maps, and
others, and to make a more concerted effort at addressing the international dimension have not
yet been realized. The recommendation to encourage a distributed assessment approach,
allowing for a series of self-motivated assessment processes organized bymunicipalities, sectoral
interest groups, universities, NGOs and other interested parties does not seem to have
progressed. The recommendation to appoint a smaller advisory committee with expertise
appropriate for assisting with the transition to a sustained process is still in early stages at the
time of this writing. Steps to evaluate and improve approaches for characterizing uncertainty and
communicating confidence do not appear to have been taken. The apparent lack of progress in
some of these areas is of concern since the clock is ticking toward the 2018 quadrennial report.

4 Common tensions requiring management in effective assessments

In the course of NCA3, we encountered a number of tensions related to diverging expectations
about process, products and outcomes, information needs, available resources, size and
complexity of the effort, and other issues. These tensions emerged in discussions about how
to build a workable structure for an effective assessment, how to choose topics at scales that
are most useful given the wide range of possible approaches, how to ensure efficient outcomes
and processes that are consistent with agreed-upon goals for an assessment, how to agree on
priorities across multiple expectations of what assessments ought to achieve, and how to
critically, but constructively, learn from ongoing assessment efforts so as to continually
improve them. These are challenges all assessment designers and leaders face.
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Perspective gained on these topics during the NCA3 may be useful to other assessment
processes and are offered here as another way to extract larger lessons from the contributions
in this Special Issue. The tensions and trade-offs are sometimes more perceived than real, but
difficult choices clearly have to be made in any assessment. Below we describe issues and
choices made in the NCA3. The effectiveness of future assessments may hinge on how these
tensions are managed given place- and time-specific circumstances.

4.1 Tension among core assessment ingredients

Previous studies focused on the tension between Bproduct^ and Bprocess^ in shaping assess-
ments (e.g., Morgan et al. 2005; Clark et al. 2006; NRC 2007). This framing brought central
attention to the outputs of an assessment and how those co-determine the most important
qualities that assessment participants and observers aspire to: salience, credibility and legiti-
macy (Cash et al. 2003). Together, these qualities affect the overall effectiveness of an
assessment in terms of informing policy and decision-making. What the product–process
dichotomy hides are the principal ingredients that enable particular products and processes
to be delivered. In the interest of informing future assessment designs, however, it is useful to
focus on those essential ingredients, and thus deepen the understanding of qualities that render
some assessments more effective than others. Such a deeper look brings attention to the inside
workings of assessments, i.e., to the underpinnings that allow products and processes
(Section 3) to be delivered.

Based on our experience from multiple assessment processes, four ingredients are critical to
success: (i) the information, data, scientific studies, situational knowledge (of real world
problems, geography, systems or decision contexts), and other kinds of traditional knowledge
that form the knowledge base of the assessment; (ii) the institutions and resources to conduct
an assessment (reflecting legal support, legacies of other processes and reports, financial and
staff resources, political will and commitment); (iii) principles and approaches that guide
participants; and (iv) the people/human capital required to carry it out (Fig. 1). We view each
of these as necessary but – by themselves – insufficient ingredients that enable an assessment
to deliver products and processes that eventually are perceived as credible, salient, and
legitimate. While there is some degree of mutual compensation across these four essential
ingredients (dedicated people can make up, to some extent, what money could buy if it were
available; a principled process can compensate for some institutional inadequacies), assess-
ment designers cannot ignore any of these four essential ingredients unless they are willing to
risk the success of the whole operation. These core ingredients, to whatever extent available,
must be aligned so that all assessment participants and sponsors come – through the course of
ongoing communication, dialogue and negotiation – to hold a shared understanding of and
agree to:

& the mandate and expectations about outcomes and products, including an understanding
about who the likely assessment users will be and how they might use its products;

& the rules of engagement, standards of procedure, and legal/institutional requirements;
& the identification and roles of different players, including leaders, technical experts,

intermediaries to help with interpretation and communication, editors, reviewers, graphic
artists and policy- or decision-making communities with the capacity to engage in the
process and apply the knowledge generated; and

& the logistical constraints (timing, fiscal) that affect what can be done.
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How were the tensions among these four core ingredients handled in NCA3? First, much
attention was paid to the knowledge foundation. Clearly, every decision made about the
information base affects its perceived salience, credibility, and legitimacy. For example, the
quality and accessibility of underlying data to foster transparency and utility of the final product
were important foci. Similarly, a widely recognized strength of NCA3 was the organization and
presentation of observations of climate changes at various spatial scales, from global, to
national, to regional. Rigorous scientific procedures and criteria were used to attribute specific
impacts to climate change vs. other drivers of change at each of these scales. Another example is
the openness with which, in the early days of the NCA3, a number of important questions were
discussed and resolved between the authors and the NCADAC, adding to its ultimate credibility
and salience, e.g.,: Which climate change scenarios should be used so as to recognize the state
of the science and be compatible with IPCC, yet also provide information at the right scale and
resolution for every region of the US? To what extent should the state of physical climate
science dictate which ecological and social impacts science can be used? How should non-peer-
reviewed information be handled, i.e., what is a principled and defensible approach to quality
assurance? How do we track, inventory, store, and make available and accessible all the
information that went into the production of the NCA3? And finally, what delivery mechanisms
and product formats are most useful to citizens and decision-makers?

Clarity about rules and procedures as well as about the roles and responsibilities of different
assessment participants – the second and third core ingredients – was critically important. For
example, extensive effort was put into designing an assessment process that built on past
experience with other assessments, took advantage of the best available methodological
approaches (process and methods workshops), but also was feasible in the current political
and economic context within the US. Assessment leaders, sponsoring agencies and the
NCADAC deliberated on: How much engagement is useful, desirable, necessary, affordable,
and feasible? What are the best engagement and communication approaches? How can federal
agency needs and capacities be balanced with external stakeholder desires and capacities?
How much can be asked of volunteers? How can ongoing evaluation and learning be ensured
without endangering timely progress and support from all involved?

Fig. 1 The art of the possible:
Careful alignment of core
assessment ingredients ensures an
effective assessment operation.
Source: The authors
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The NCA3 was sponsored by various agencies, each with particular rules and procedures.
Given these, federal partners had to fulfill the letter of the law, while also experimenting with
new approaches to better serve the American public. This raised continuous questions and –
over the course of several fiscal cycles – required renegotiation of what is prudent and possible
within institutional and fiscal constraints. This careful balancing act needs to be explicitly
discussed (to the extent feasible) so that all parties recognize why certain process management
decisions are necessary.

In the end, what was possible within this set of questions and constraints came down to the
people doing the work – the fourth core ingredient. The NCADAC understood that it is far more
than scientific expertise that makes an assessment work, although that is crucial for credibility.
Involvement of those with deep expertise in policy circles andmanagement could helpmake the
assessment more salient and legitimate in the eyes of the public and policy-makers. Leadership
skills in the NCA Coordination Office, the NCADAC, its working groups, within author teams,
and among staff were absolutely essential: commitment (by everyone, paid or unpaid), deter-
mination and creativity in working around obstacles, openness to input, decisiveness, and
motivation to move the process forward, the ability to stay organized and engaged with 30
chapter teams moving forward simultaneously, and so much more. These Bpeople skills^ were
decisive in delivering a salient, timely product. At the same time, considerable effort went into
building social capital among all involved: within the NCA Coordination Office, within the
NCADAC and its working groups, within author teams, and among the extended BNCA
family^ (e.g., NCAnet). With a very tight budget and a largely voluntary effort, the importance
of investments in people and relationships cannot be overestimated.

4.2 Tension between national scope and Sub-national adaptive management
information needs

As the NCA seeks to become increasingly relevant to adaptation and emissions reduction
efforts, the tension between providing information at national and more local scales will
increase. Users involved in adaptive management and planning expect to receive information
tailored to their location, decision or question, but available models and data sources are often
not yet up to this task. Information at the national or regional scale can be helpful in framing
challenges or providing a broad context, but may be too coarse to inform certain decisions. In
addition, decision support for planning or managing specific adaptation and mitigation efforts
will necessarily entail more user support and engagement, leaning towards Bclimate services.^
It seems unlikely that a centralized national assessment will ever have sufficient resources to
provide a comprehensive climate services portfolio to meet local needs. Thus assessments will
need to balance user expectations about fulfilling information needs with what is technolog-
ically possible and scientifically defensible. Galford et al. (Submitted for publication in this
special issue), explore the lessons learned in a state-scale version of a climate assessment,
providing insights useful in this regard.

One possible extension of traditional assessments, however, and thus one way to better
translate between what is scientifically defensible and practically desirable, is for the sustained
assessment process to not just focus on comprehensive national reports and periodic topically-
targeted reports, but also on critically assessing the use and value for specific purposes of
commonly available data, methods, visualizations, and other tools and resources. An assessment
cannot provide decision support systems tailored to individual decision-making environments
and situations, but it can add value by producing credible and useful outputs with wide
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applicability. It can also help assessment designers and users to better understand and reflect on
the respective roles and relationships of national and sub-national assessments, including a
clearer division of labor among public and private entities providing climate services. In addition,
it can synthesize knowledge about effective decision support, evaluate different types of systems,
and provide good practice guidelines (Moss, Submitted for publication in this special issue).

Another approach that emphasizes the role of assessments in promoting dialog between
decision-makers and the research community is to explore information needs and available
products to meet those needs. Users often request specific products or methods (such as
downscaling), when in fact, upon reflection with decision-support experts, it becomes clear
that other products or methods would yield more useful results (e.g., summaries of statistical
analysis of large ensemble data sets may provide the needed information with higher confi-
dence than downscaling). Another useful approach could be to develop a typology of decision-
making situations and information, and to accrue a repertoire of data and methods that can be
adapted for similar applications. It is not that national-scale assessments are unable to meet the
need for tailored knowledge; they simply cannot cover all needs at once, and must develop
strategies for managing the tension between being nationally comprehensive and providing
information that is detailed enough to meet adaptation and mitigation decision-making needs at
sub-national-to-local scales.

4.3 Tension between scope, complexity, and manageability

There are benefits to creating NCA syntheses through an inclusive process, involving a large
number of people. The NCA3 process involved a 60-members NCADAC, more than 240
authors, and around 1,000 additional contributors to underlying foundational and technical
input documents. To some, this seemed excessive – but the benefits of broad engagement were
visible throughout the process.

Participants noted the richness of experience brought by the wide array of authors, the
capacity to deal with diverse process and topical issues, and especially the virtues of a
distributed network that could be mobilized for different events. Having such a large and
diverse team meant it was relatively easy to engage people in local areas and sectors during the
report release and subsequent outreach. However, federal agencies were legitimately con-
cerned about the cost and complexity of such extensive participation throughout the process,
and whether this level of effort could be sustained.2 Even with a mostly volunteer Barmy^
working on the report, the costs associated with managing the process must be acknowledged
and objectively evaluated relative to the benefits.

As described in more detail in other contributions to this Special Issue (Jacobs and Buizer
2015 this issue; Cloyd et al., Submitted for publication in this special issue), the three
completed national assessments took different approaches in this regard. The first NCA
(NCA1) shared with NCA3 an emphasis on engagement in which stakeholders provided input
about their information needs and learned from scientists about climate change. This direct
engagement in NCA1 raised expectations among stakeholders of further engagement, and then
lead to disappointment because no resources were available to sustain these nascent
relationships.

2 For the NCA3, NOAA paid for federal advisory committee activities, some author travel, and the NCA
technical support unit from a budget line established for this purpose by the Office of Management and Budget,
but many other USGCRP agencies contributed staff and resources.
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The second NCA (NCA2) was efficient and produced a credible document, but – based on
the very limited press coverage relating to NCA2 and feedback received from a wide range of
participants in NCA3-related events – failed to reach the American public in a meaningful and
sustained way. The tension here is between the benefits of big vs. small synthesis efforts, and
the benefits of an easily managed process vs. the benefits of a broad engagement strategy. In
the NCA3, assessment leaders took the more engaged, if more complex, approach in light of
growing stakeholder expectations and needs for salient information to inform mitigation and
adaptation efforts.

As described in Buizer et al. (2013), multiple advantages can be derived from a highly
strategic and well-managed sustained assessment process. From the perspective of conserving
resources at the federal level, a key benefit of a more distributed process (in which self-
motivated users work with data, products, and tools) is that it shifts some of the assessment
burden on to intermediaries (e.g., in the NGO or private sectors) and entities conducting their
own assessments. This helps to avoid burn-out of the relevant expert community and increases
the human capital for doing assessments (i.e., the core ingredient of Bpeople^), and improves
the quality and utility of assessment products. A sustained assessment thus must: (1) retain
(and enhance) value, utility, transparency, and credibility; (2) serve information needs of
decision-makers at multiple scales, i.e., develop salient climate information; and (3) build an
ongoing, manageable and legitimate process. Clearly, there will be a need to engage partners
outside of government to achieve these goals, given the significant limitation on government
resources.

A critical concern about reducing the overall size of the NCA effort is the need to ensure
that a federal advisory committee (required when there is ongoing engagement of non-
governmental participants in government processes) is constituted in a way that optimizes
the utility of assessment outcomes, while adequately representing regional and sectoral
interests. This is significantly more challenging than assessing physical climate changes.
This tension between inclusiveness and efficiency needs to be addressed to ensure that the
process supports the goals of the sponsoring program (in this case, the USGCRP) as well as the
broader public interest.

Generating enthusiasm for smaller, targeted assessment products (even though those might
go into greater depth, provide input to the national assessments, or fill specific knowledge
gaps) may be harder than getting people engaged in a big, highly visible national effort every
4 years. In aggregate, multiple shorter, targeted products and synthesis reports could even be
more expensive than the NCA3 approach if not carefully managed. On the other hand, there
are substantial benefits and satisfaction from meeting user needs. The attraction of working on
a national assessment that would become the foundational scientific document for executive
branch activities was a significant incentive for the authors of the NCA3. How can a more
distributed, ongoing and evenly-paced process generate the same level of commitment? This
will be a significant challenge, given that resources will be needed from both federal and non-
federal participants. Assessments can certainly be done more cheaply, but getting useful
outcomes per dollar spent is really the goal.

If a sustained process can be implemented quickly, a Bbottom up^ meets Btop down^
sustained assessment approach that involves external partners with regional and sectoral teams
and incorporates a federal structure and management team seems like an obvious next step
based on the lessons learned and capacity built during the NCA3. Building from this capacity
to a long-term approach that facilitates contributions from external parties within a federal
framework will help to match resources with expectations.
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4.4 Tension between deliberate evaluation and ongoing learning approaches

The NCA3 leadership decided from the start to build ongoing monitoring and evaluation into
its operations. This was not only evident in its strategic plan and the transparency and
effectiveness goals, but also by making the framing and approach to Bevaluation^ an explicit
assignment of a NCADAC Working Group.3 At first, the whole idea of evaluation was
resisted, in part because evaluation was seen as a task separate from assessing the science
and delivering a report, and in part because it was interpreted as passing judgment on
performance, which could backfire and undermine agency and funding support for the entire
enterprise, or open the door to public criticism.

This led the evaluation working group to suggest framing the NCA as a Blearning
organization,^ and make evaluation an ongoing and useful tool to enable participants to make
course corrections as needed. In addition, mechanisms were established to track activities,
outputs, impacts, and to collect feedback during regional town halls and other workshops.
These formal tracking mechanisms and other informal mechanisms including Breflection time^
during NCADAC meetings (and its Executive Secretariat) and NCA staff meetings, fostered
flexibility and learning internally. For example, a staff-led analysis of media coverage after the
release of the public review draft helped support the rollout strategy and provided encouraging
feedback to the authors and NCAnet, further building social capital among volunteer partners.
After the completion of the NCA3, the sponsoring agency (NOAA) also administered a short
survey to NCADAC members on the experience of participating in the assessment for its own
internal purposes and then USGCRP supported a process workshop focused on lessons learned
in the NCA3. At the workshop evaluation experts and participants came to general agreement
on what an external evaluation could accomplish and how it could be conducted (USGCRP
2014), but as yet no funding has emerged to support a formal external evaluation. It is unclear
whether federal agencies will see the potential value of such evaluations as part of the
sustained assessment process to be greater than the potential risks, or whether a foundation
or research funding agency will have enough interest to support such an effort.

Thus, the tension over when or how to build monitoring and evaluation into assessment
processes has remained focused on internal, ongoing, learning-oriented mechanisms. Our
experience shows that this is an absolute necessity. But without external, independent eyes,
future assessment designers lack an essential feedback mechanism. We view this as a critical
opportunity missed that could result in less efficient future investments in assessment
activities.

5 Conclusions

The design and conduct of assessments always involves tensions between what is scientifically
defensible and practically feasible. Assessments can – if done well – have important policy,
economic, and regulatory implications while providing important milestones for the scientific
community. These contexts and tensions need to be explicitly recognized and managed in
order to ensure that the internal management and conduct of assessments are feasible and

3 Because the evaluation task was later determined to be too large to be included in the work of the Engagement
and Communication working group, the evaluation task was transferred to the working group focused on
developing recommendations for the sustained assessment process.
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productive, while the process and its outputs and outcomes are perceived as credible, salient,
and legitimate. The widespread frustration among climate scientists and citizens associated
with the inability of the US federal government and previous administrations to effectively
address the causes and effects of climate change is probably one key explanation for the strong
interest among NCA3 participants and contributors in volunteering to assist in the process. The
groundswell of support for this effort crossed sectors and regions and included people from
many walks of life, and formed the foundation for further engagement in a sustained
assessment process.

The enormous investments of time, money, and human capital made in the NCA3 resulted
in considerable good will, great appreciation by both insiders and outsiders of the process and
products, and in significant growth in multi-disciplinary, interdisciplinary, and transdisciplin-
ary networks of experts and assessment users. These, to us, provide a foundation and
opportunity for the sustained assessment that is too good to lose. Ideally, the energy in the
underlying tensions discussed here and prevalent in every assessment, if properly recognized
and managed, can be harvested in strategic ways to increase learning and greater engagement
of experts and users at all levels. The intent of this concluding paper, and indeed of this Special
Issue, has been to articulate some of the tensions and lessons learned so that future assessment
processes can launch from this fundamental understanding rather than having to re-learn these
same lessons.
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