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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

This article is part of a special issue on “The National Climate Assessment: Innovations in Science and
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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." Despite the “at least every 4-years” requirement, only
two National Climate Assessments” 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

! 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.
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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, ¢, d, 2011). Some of the more salient
criticisms of these previous assessments focused on the limited utility of the material produced
for “real-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 “Informing
Decisions” “Sustain Assessments” and “Communicate and Educate” as pillars of the research
program, in addition to “Advance Science;” the latter had traditionally been the primary focus
of USGCRP’s 13-agency science effort. This represented a major shift in policy toward
“actionable” 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 [PCC assessment reports and
previous US national assessments. The thousands of scientists and other experts who contrib-
ute to IPCC and the NCA work 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

@ Springer 4 Reprinted from the journal



Climatic Change (2016) 135:1-7

nation and to integrate regions and sectors within a common “risk 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 “real 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 “Usability 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 “Innovations 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 “experiment” 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 “manageable” 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
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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 “owned” by a much larger group of
individuals because of the NCA network 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 “actionable 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 “boundary 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 “holding 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
“listening 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 few major 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
“frugal,” 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.! 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 teams” 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.

! 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 from Seattle,
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 NCADAC members, 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 “doable” 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 Dbenefit 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 “likely” and “virtually 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 “black box.”

8 Coproduction and assessment

The term “coproduction 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 also working 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 “network 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 “traceable 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 “new 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 “look 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 “live” 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

The NCA3 is simultaneously a summary of the state of knowledge of a changing climate in the US,
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 “peer-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 to make 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 “assessors”
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 NCADAC members 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 “network 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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(NCADAQC) 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, “Climate 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 20002001 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 NCAT1 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
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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 “listening 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 “Midwest Regional Workshop” and a “Strategic
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 “boundary-spanning” activities; 5) the importance of establishing metrics that
relate to informing policy and supporting decisions; 6) the need to balance “scholarly”
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 “Building an Enduring Assessment Structure,” including the following
priorities (paraphrased from the workshop report):

* Identify and engage stakeholders from the beginning

e 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, resource managers, 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 NCADAC was 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, “The 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.

“...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.

“Enhance 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,

“a 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.”

(®.7)

It also points out that “a 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;

e 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

¢) 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 “sustained.” 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 “sustained” 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 “ownership” 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 “taxed” 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 “Integrated 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 GCRA was 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 “the 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 NCA will 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 “sustained 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.
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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, Jager 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 “consult 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 “highly influential scientific assessments” includes public participation as a
component of “process 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)
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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
“sustained, extensive stakeholder involvement” in future assessments, noting that the
“value 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)." In
spring 2011, the NCADAC approved an interim strategy for the assessment process
that included an overarching goal “to 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 “an 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 “an 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 2011la, p. 2); the
engagement strategy detailing the approach was also approved (NCADAC 2011Db).

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.” 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.

! 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; Jager 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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Fig. 1 Organization of NCA components. From Melillo et al. 2014b

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.® 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 “a very wide range of expertise” and called for
individuals “with 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.
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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 “maximize 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.* 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
in May 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,

“[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.
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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 “network 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.’

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.’
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

3 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/filessNCADAC-Nov201 1-Information-Quality-Principles.pdf.

© More information about the composition and operation of NCAnet at http://ncanet.usgerp.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).”
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.
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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 “NCA 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.®

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 NCAZ3. 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,
“[tlhe 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,
NCADAC Engagement Working Group, NCA Engagement Coordinator, and NCA 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
(Boykoff2015) but ongoing, loud, and often polarizing in new and social media — has struggled
to engage the American 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, active White 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 “news splash” when
NCA3 was released and thereafter. Within one week of the release, more than 2000 news stories
citing NCA3 were 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 “Islands™ 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 accomplish