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Abstract

Scientific assessments are tools used to look across a broad body of knowledge and draw
overarching conclusions about the state of the science. They allow experts to synthesize
technical knowledge and develop broad understanding of observed and future trends, risks,
and opportunities. The National Climate Assessment (NCA), a major climate report of the
United States (U.S.) Government, is one such assessment report. The NCA was created
by Congressional statute and is classified as a Highly Influential Scientific Assessment,
which results in a wide range of obligations, as well as required compliance with various
statutes and other federal policies and procedures. The NCA also represents a unique effort
to bring together federal agencies, the scientific community, and users of climate science
throughout the U.S. to empower decision-making, build consensus, and drive climate ac-
tions. Innovations in the NCA development process over multiple cycles of the report’s
development were implemented to meet both evolving legal requirements and user needs
are described in this paper to share institutional knowledge and best practices with those
assessment developers who might be navigating similarly complex constraints. This paper
seeks to summarize that history and draw out some valuable lessons for future interagency
assessment development teams. A discussion of critical innovations, including expansion
of technical resources, knowledge bases, and communication tools, is included to inform
the development process of future scientific assessments.
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1 Introduction
1.1 Defining scientific assessments

Scientific assessments are expert evaluations of bodies of relevant information with the pur-
pose of developing synthesis products that inform decisions. The pool of available knowl-
edge that might be relevant to an assessment can be significant, including a wide variety of
peer-reviewed literature across multiple disciplines, datasets and model outputs, govern-
ment reports, Indigenous Knowledges, traditional and local knowledges, and other forms of
technical inputs. Assessments commonly rely on the professional expertise and judgment of
authors to draw conclusions, weigh uncertainty, and identify information gaps or research
needs (OMB 2004; Jacobs et al. 2016; USGCRP 2022). Based on the evaluation of these
wide knowledge bases, authors are often asked to make statements defining the confidence
in and/or likelihood of a specific conclusion or outcome (Crimmins 2020).

Because scientific assessments synthesize information from a broad range of information
sources and are designed to be used by decision-makers, they differ in format, scope, and
purpose from most of the underlying sources. For example, an individual paper or literature
review may include citations to dozens or even several hundred references. By compari-
son, an assessment may include thousands of references, with authors being responsible for
the review of tens of thousands of sources of information during development. NCAS, for
example, had nearly 9,000 references cited, and tens of thousands of references reviewed
by author teams during development (Maycock et al. 2023). Assessments also typically
have higher bars for public engagement and peer review than individual journal articles (see
section below on Core Requirements of NCA). Table 1 demonstrates differences between
assessments and two types of underlying information sources: literature reviews or meta-
analyses and a standard peer-reviewed research article.

Assessments are a broadly used tool to support climate decision-making. The First
Assessment Report of the International Panel on Climate Change (IPCC) was published
in 1990, and iterative assessments since have been major driving forces for climate discus-
sion and action worldwide (IPCC 1990). National assessments, including the United States
(U.S.) National Climate Assessment (NCA) and other assessments in the United Kingdom,
Canada, and other countries have increased over time (Bush and Lemmen 2019; Krish-
nan et al. 2020; UK 2022). Within the U.S., subnational assessments, both at the state and
local level, have proliferated as science has advanced toward increasingly localized climate
knowledge (California 2018; Widhalm et al. 2018; Jersey 2020, Wisconsin 2021; Wuebbles
et al. 2021; Fleishman 2023; Stevens and Lamie 2024). The development process for each
of these varies widely. Local needs and governance systems have huge impacts on the pro-
cess of development and ultimately the final product (Weingartner et al. 2018).

1.2 Why do assessments matter?

Assessment authors weigh scientific certainty across a wide range of information sources
and present consensus conclusions in a format that informs decision-making (Crimmins
2020). Because authors review thousands of information sources and the assessment devel-
opment process is so robust, assessments are extremely useful tools that users could rely
on when developing informed, targeted, and effective policy in many different sectors
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Table 1 Comparison in purpose, Individual Literature Assessments
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non-governmental reports, state and inform
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results management
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caveats to the hood language
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Coverage Often focused Often sum- Targeted, user-
of topics & to the condi-  marizing, can driven to inform
sources tions of the be exhaustive, decisions
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applicable required required

(Maycock et al. 2023; Crimmins et al. In preparation). For example, assessed scientific
information can help federal employees design better grant programs, state officials better
future-proof infrastructure, and individuals make better economic decisions.

Assessments also function as tools to overcome a critical but difficult connection between
research and action. The rate at which climate data and information is now being generated
has greatly increased over the past few decades. This expanding resource pool has his-
torically been inaccessible to most people outside the scientific community. Even as our
understanding of climate changes and impacts continues to improve, and as climate data
becomes more available and accessible, many government officials, resources managers,
private companies, or individuals may lack the time, resources, or interest in developing
their own climate assessments. Many decision-makers, especially policymakers, need to
be able to quickly reference, understand, and employ the most up-to-date information to
manage present-day risks associated with climate change, let alone to plan for potential
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future impacts (NSTC 2023; NASEM 2024). Assessments serve a critical role in presenting
current, clear, and trustworthy scientific information in a digestible and accessible way to
decisionmakers, who can then use that knowledge for their own unique situations to take
more informed actions. The emergence of climate services and responsive technology as a
focus of both the public and private sectors is another positive step in this direction.

Climate services are “scientifically based, usable information, products, and activities
that enhance knowledge and understanding about the impacts of climate change on poten-
tial decisions and actions” (USGCRP 2024a). Climate services can provide the hyper-local,
issue-specific, and sometimes real-time data needed to solve individual problems or ques-
tions while climate assessments provide the needed context, interpretation, and translation
of'said data, including evaluation of mitigation and adaptation actions. When taken together,
climate services and climate assessment efforts result in more accessible information, data,
and resources that are usable to decision-makers.

Assessments like the NCA are climate services that can inform decisions and actions
in many ways, from providing direct access to localized data and mapping tools to build-
ing communities of networked experts. Participants in NCAs have long indicated that the
relationships they build and the professional development gained over the course of being
involved in the assessment process are often as valuable to them and their careers as the
report content itself (Crimmins et al. In preparation).

This paper seeks to summarize and analyze the history and recent developments of the
U.S. National Climate Assessment (NCA) to understand how:

1. Laws, regulations, and broader institutional implications impact what assessment
developers must, can, and cannot do;

2. Creation and evolution of NCA has evolved and how it might continue to evolve to
leverage future opportunities and serve future user needs;

3. Lessons learned developing NCA might inform other assessment efforts by document-
ing the choices and trade-offs (and the reasons behind them) that assessment developers
must balance.

This paper covers processes specific to NCA and thus the advances described may be most
relevant to future NCAs and other interagency assessments. However, there are tenets, if
not specific rules or processes, that other governments or organizations developing assess-
ments are navigating. For instance, this paper describes the steps NCA took to better meet
the needs of the users of this report while adhering to federal rules (see Core Requirements
section below). While the exact steps NCAS took may not be necessary or feasible for state
or local assessment developers or may look very different for national assessments outside
the US (Weingartner et al. 2018), the larger question of how to better meet user needs is
one that many report authors and developers continuously grapple with, as it is important to
ensuring salience of any assessment.
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2 Assessments led by the U.S. Global Change Research Program
(USGCRP)

USGCRP-led scientific assessments have been a core, legally required responsibility of the
program since its creation (USGCRP 2024b). The program and its participating agencies
work together to collate knowledge from disparate sources within the broader scientific
knowledge base, create a synthesized understanding, and provide decision-makers with an
authoritative look at the current state of science.

The design of assessments led by the U.S. Global Change Research Program is guided
by a number of laws and requirements informing the development process (Crimmins et al.
2024). Understanding these requirements is crucial to understanding what is possible and
what is required when designing the development process. Innovation and advancements
in the development process must still be within the bounds of those constraints. As will be
discussed later in the paper, these requirements serve an important purpose in ensuring that
program-led assessments are authoritative, trustworthy, transparent, and credible sources of
scientific information.

Beyond those requirements, USGCRP products are subject to additional stipulations not
inherent to assessments as a category of scientific work (Crimmins et al. 2024). One distinc-
tion for USGCRP-led assessments is that authors do not generally undertake any new, origi-
nal research. While USGCRP and interagency working groups may develop technical inputs
(such as Environmental Protection Agency’s Climate Change Impacts and Risk Analysis
report (EPA 2017) or National Oceanic and Atmospheric Administration’s State Climate
Summaries (Kunkel et al. 2022) or downscaled datasets for use in assessments (Basile et
al. In preparation), authors typically assess only existing scientific information that meet
information quality standards, rather than generating new knowledge (OMB 2019). While
many assessments follow this model, some do not. For example, the California Climate
Assessment has a statutory requirement to undertake original research in service of answer-
ing some California-specific questions that come up during the course of assessment (Cali-
fornia 2018).

A second distinction is that USGCRP-led assessments are policy neutral. Policy neu-
trality is a core value of USGCRP products, which are developed with the intention of
informing and supporting decision-making, not advocating for specific outcomes or actions
(Crimmins et al. 2023). This distinction allows for the information in assessments to serve
as the scientific foundation underlying the policy development process, while remaining
separate from other complicated political, social, or economic factors inherent in prescrib-
ing policies, rules, or regulations. While policy neutrality is also a feature of assessment
reports developed by the IPCC, other national or state assessments include policy analyses
(e.g., cost-benefit evaluations) that support assessment recommendations (California 2018;
UK 2022).

USGCRP has developed a number of different assessments looking at elements of global
change including both the First and Second State of the Carbon Cycle Reports, as well as
other climate related special reports on topics such as food (Brown et al. 2015) and human
health (USGCRP 2016). However, for the purposes of this paper, we will focus on the
National Climate Assessment, which is the most broadly known and highest profile product
that USGCRP has produced (Fig. 1).
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Fig. 1 Five NCAs have been published since 2000. Each report has documented the process by which that
report was created, showing iterative evolution of both the report itself and the community that is brought
together each cycle to build it

3 Background on NCA

The NCA is the government’s premier report on the impacts, risks, and response to human-
induced and naturally occurring climate change within the United States (Crimmins et al.
2023). It is a Congressionally-mandated quadrennial report, obligating USGCRP to under-
take a periodic assessment of scientific knowledge to inform Congress and the Nation in
determining responses to the threat of climate change (1990).

To date, there have been five NCAs published by the U.S. Government. Each NCA
has incorporated advancements and lessons learned from the previous assessment, with
a marked evolution of the report from the initial concept in NCA1 to the robust cover-
age of content in NCAS. Alongside the American public’s increasing awareness of the cli-
mate change issue, the increasingly urgent need for climate information, and the natural
growth over time of the number of people who have heard of or participated in an NCA
(Chu In preparation), we posit that innovations throughout the NCA development processes
have helped to strengthen the assessment’s credibility, salience, and legitimacy, even as
user needs evolve (Crimmins et al. In preparation). Efforts to make the report more useful,
usable, and used aims to brings more users to the table, some of whom may then seek to
engage and contribute in the next assessment cycle, thus creating a positive feedback loop
that shapes future innovations in the NCA.

Iterative evolution is an inherent component of the NCA, but it also poses challenges. The
increasing complexity of the report and its user base make the development process more
nuanced and difficult to manage, especially within the time frame outlined by the GCRA
and within other budget and staff constraints. Before describing some of the innovations in
the assessment development process, we first describe these requirements and constraints.
Additional details about the history of NCA can be found in the Supplemental Materials.
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4 Core requirements of an NCA

Any NCA has some basic requirements that it must meet. These include foundational, and
in many cases legal, obligations regarding content and process to which the NCA must
adhere. In this section, we will walk through overarching statutory requirements, applicable
guidelines and policies, and articulate how NCA complies with each through the develop-
ment process.

4.1 The Global Change Research Act

The legal statute that both authorizes and requires creation of the NCA is found in the
Global Change Research Act of 1990, Sect. 106 (1990). In sum, there are three basic techni-
cal requirements that the law says must be present in any NCA:

1) The NCA must “integrate, evaluate, and interpret the findings” of USGCRP. This
includes discussing any scientific uncertainties in those findings.

2) The NCA must evaluate the effects of climate change on several specific sectors of the
uU.s.

3) The NCA must analyze trends in global change in various forms at specific time hori-
zons: 25 years and 100 years into the future.

While the GCRA sets a baseline of the topics that must be included in the NCA, the way that
baseline is met is left to USGCRP to determine. Since the first NCA was developed, it has
been clear that NCAs are structured as narrative-style reports, with individual chapters cov-
ering individual topics of interest. Additionally, USGCRP has evolved a chapter structure
over time that provides increased structure and guidance to authors to better standardize the
report content in a way that helps users access and utilize the report (Crimmins and Avery
2023).

4.2 Highly influential scientific assessments

The U.S. Office of Management and Budget (OMB) defines “influential scientific informa-
tion (ISI)” as any information that “will have or does have a clear and substantial impact
on important public policies or private sector decisions” (OMB 2004). As a general rule,
ISI is held to the standards established by the Information Quality Act (IQA) (2000) and
must undergo a formal peer review process before it can be disseminated by the Federal
Government. A highly influential scientific assessment (HISA) is a subset of ISI that “could
have a potential impact of more than $500 million in any year, or is novel, controversial,
or precedent-setting or has significant interagency interest” (OMB 2004). HISAs, including
the NCA, are subject to additional peer review requirements that build upon those appli-
cable to standard ISI.
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4.3 Other laws applicable to NCA

In addition to the GCRA, the NCA must comply with all relevant laws and processes as
outlined by the Administrative Agency overseeing the project. Some specific statues that
NCA is obligated to comply with include:

The Federal Advisory Committee Act (FACA).

The Information Quality Act (IQA).

The Foundations for Evidence-Based Policymaking Act (Evidence Act).
The Copyright Act, and/or Intellectual Property (IP) requirements.

The Paperwork Reduction Act (PRA).

Federal Register Notices (FRN).

The Freedom of Information Act (FOIA).

Each of these statutes have direct impacts on how the NCA is developed and prepared.
For example, FACA determines how the NCA author teams are structured, how clearances
and public comments are overseen, and what limits on oversight are imposed on the FSC.
Both IQA and the Evidence Act put significant obligations on authors to both ensure that
the literature and data they take into their review meet quality standards sufficient to merit
government usage of the underlying data, and that the technical inputs are publicly available
for users of the report to vet for themselves the underlying technical information. Additional
information on how NCA complies with these major statutes is included in the Supplemen-
tal Materials and in Crimmins et al. (2024).

4.4 Other laws and regulations impact how NCA materials are developed

Additionally, other laws and regulations place requirements on a project like NCA that
shape it’s final form and delivery. For example, NCAS designed figures that use accessible
color palettes to accommodate individuals with color vision deficiencies (i.e. color blind-
ness) (Fig. 2), in part, because Sect. 508 of the Rehabilitation Act requires that all federal
electronic resources be accessible to individuals with disabilities (Division 2020). Federal
agencies and the government itself all have scientific integrity policies to which partici-
pants in the NCA must adhere. All participants in the NCA process have ethical conduct
standards that are obligatory. USGCRP pioneered a Code of Conduct for NCAS, and all
participants going forward will be required to comply. Additional information on these and
other requirements on NCA participants can be found in the Supplemental Materials.

5 Additional requirements of an NCA
In addition to the legal requirements that all NCAs are statutorily required to meet, there are
a number of de facto policies and guidelines that govern products of the scope, scale, and

impact of an NCA, particularly if they are to be credible, legitimate, and salient assessments
representing the views of the U.S. Government (Crimmins et al. In preparation).
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Fig. 2 Depiction of what individuals with full vision (top left) see when looking at a NCA figure com-
pared to individuals with macular degeneration (top right), central serous retinopathy (bottom left), and
deuteran-type color vision deficiency (bottom right). Visual impairments can reduce the readability of a
document and are key considerations for designers when developing report elements, including figures,
tables, color palettes, and fonts. NCA is designed to be 508-compliant and as broadly accessible as pos-

sible for individuals with these and other visual impairments

1) The NCA must be developed as written text but does not need to be delivered in the

form of a printed report.

To be compliant with all the legal requirements previously discussed, the NCA must be
developed in written format. Federal policies and laws around peer review and transparency
in the assessment development process, including data management and evidence tracking,
necessitate access to written or visual materials (e.g., figures or tables). In other words, NCA
must be a written document at least at some stage in the development so that reviewers and
public commenters have a common shared draft to review. Furthermore, copyright and 1P
ownership rules often presume the report being physical material of some form (Crimmins

et al. 2024).
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That said, NCA can be delivered in final form as something other than a printed report
or book. In fact, NCAS, for the first time, delivered a website as the report of record, rather
than a product designed for print. While websites were also built for previous NCAs, the
printed reports were the legal reports of record delivered to Congress (Avery et al. 2018).
Knowing from the beginning that the final product would be something users read on a
screen affected the way authors thought about chapter structure.

2) The credibility and authoritativeness of an NCA hinges on its transparency.

Transparency is integrated into all stages of the NCA development process and is critical to
ensuring report credibility and authoritativeness. Chapters are written with extensive input
and participation from a wide range of scientists and experts, including multiple opportu-
nities for public engagement. Figures are developed with an emphasis on traceability and
reproducibility, including the documentation of complete and accurate figure metadata, use
of publicly available datasets, and appropriate source attribution. Chapter text, figures, ref-
erences, figure metadata, and Traceable Accounts are all publicly available in the final NCA
product, and descriptions of the development process can be found in the report Appendices
and supplemental materials. But the final assessment product that readers see belies the
complex set of tools and processes required to ensure this level of transparency. Additional
information about managing the complexity of an NCA in a transparent process can be
found in the Supplemental Materials.

3) The NCA must meet the needs of the users of the report.

The GRCA does not explicitly define the audience for NCA. Legally, the assessment is
directly delivered to Congress (1990), but it has always been the interpretation of USGCRP
and OSTP that the report should be developed with the American public as the intended
users of the report, a notion repeatedly echoed in public feedback (Cloyd et al. 2016; Avery
et al. 2018; USGCRP 2022; Avery et al. 2023b; Crimmins et al. 2023). Identifying who
uses the NCA, how they use it, or how the NCA might be altered to improve use has been
an ongoing challenge. This has been in part due to the lack of opportunity and funding to
conduct a formal use evaluation of previous NCAs, as well as regulations like the PRA and
FACA (Table 2) that make it difficult to poll readers or conduct focus groups (NASEM
2024).

In the absence of formalized evaluation efforts, the NCA developers have long relied on
public engagement and input from the USGCRP member agencies on their constituent’s
needs to inform author choices. NCA3 was overseen by a public federal advisory commit-
tee, which conducted public review and provided opportunities for engagement throughout
the development of the report. NCA4 transitioned to a federal steering committee, but main-
tained the emphasis on public engagement with multiple federal register notices, author
engagement events, and a NASEM peer review. Notably, NCA4 authors found the regional
chapter’s engagement workshops to be helpful in informing chapter scope. NCAS expanded
on this trajectory, creating more events for every chapter, more public reviews, and addi-
tional time for authors to engage with experts beyond their writing teams. More informa-
tion on NCA’s engagement efforts can be found in Lustig et al. in this issue (Lustig et al. In
preparation).
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Table 2 Description of the various laws, regulations, and government systems with which the NCA develop-
ment process is required to comply. The major ways that NCA complies with each of these is noted

Statute/Function ~ What the statute Why it applies to the NCA  How the NCA takes this into
requires account

Global Change Authorizes and Legal authorization & Creating the NCA with

Research Act mandates USGCRPto  mandate for creation of the inclusion of mandated

(GCRA) (1990) develop and distribute  report topics, time horizons, and
the NCA uncertainty measures

Federal Advisory  Forbids U.S. Govern- Mixed author groups (both  NCA chapter contributor

Committee Act ment (USG) agencies fed & non-fed authors structures are specifically

(FACA) (1972)

Information
Quality Act (IQA)
(2000)

Foundations for
Evidence-Based
Policymaking Act
(Evidence Act)
(2018)

Copyright Act
and/or Intel-
lectual Property
(IP) requirements
(1976)

Paperwork Reduc-
tion Act (PRA)

Federal Register
Notices (FRN)
(OMB 2022)

Freedom of
Information Act
(FOIA)

from receiving “consen-
sus advice” from groups
that mix Federal and
non-Federal employees

Requires USG agencies
to verify the quality,
utility, objectivity, and
integrity of information
they disseminate

Requires public
transparency about the
evidence, including sci-
entific information, that
USG agencies use

Copyright and patent
law apply to all contri-
butions to NCA content
and materials

Requires USG agen-
cies to follow OMB
processes before posing
questions or gathering
information from the
public

The Federal Register
is the official record of
announcements from
USG agencies, used
for official notice of
planned actions

Requires release of
USG agencies’ informa-
tion and communica-
tions, upon request, to
the public

together) are valuable to

ensure the broadest possible
set of knowledge present in

the NCA

The NCA is considered a
“Highly Influential Scien-
tific Assessment” (HISA)
under OMB’s IQA guide-
lines, triggering strict peer
review and other required
quality-control measures
(Crimmins et al. 2024)

Data, methods, informa-
tion, etc. underlying the
NCA must be publicly
transparent

All NCA participants must

have IP rights for their con-
tributions waived to ensure

open creative commons
access to NCA materials
(Crimmins et al. 2024)

The NCA process gathers
information from authors
and other participants who
are not Federal employees

Announcement tool for
calls for author nomina-
tions, notice of planned

public engagement (legally
required), and opportunities

for public comment and
review

The NCA, like any govern-

ment agency or project,
may be subject to FOIA
requests

designed to comply with
this restriction (Avery et al.
2018)

A designated federal IQA
official ensures that the
NCA meets legal require-
ments. USGCRP provides
guidelines for ensuring
sources for NCA meet IQA
requirements. The NCA goes
through multiple reviews
through the public, agencies,
and National Academies.

NCA develops operational
processes for data manage-
ment, and documentation
and presentation of metadata

For non-federal authors,
General Counsel from the
Administrative Agency
works with authors to obtain
statements from employers
disclaiming IP

NCA staff and leader-

ship must monitor NCA
processes for any gathering
of information that could
trigger PRA restrictions, and
secure waivers where needed
USGCRP agencies and the
NCA Administrative Agency
develop, manage, and
publish FRNs throughout the
report development process

Comply with FOIA requests,
as well as proactively release
information wherever pos-
sible and ensure disclosure
of process materials, such as
comment responses, upon
report release
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Until such an evaluation is conducted, report developers and authors are still limited in
their understanding of how people have used previous NCAs. Because of this limitation and
because user needs naturally evolve over time, public engagement opportunities during an
NCA development cycle are some of the only opportunities for feedback (Lustig et al. In
preparation). Based on public and NASEM input USGCRP has received on its products and
activities, the NCA caters to a very broad audience (Avery et al. 2023b). In practical terms,
this means making numerous process choices that ensure authors produce a product that is
usable, including things like limiting report length, editing for clarity in writing, and budget-
ing time and resources to develop visually compelling graphics.

4) The NCA needs to meet the needs of the contributing agencies.

As one of the many audiences of NCA, the federal agencies that sit on the SGCR and fund
USGCRP’s work have direct interest in ensuring the NCA is useful to their programs and
priorities. The driver of agency interests and priorities are often the same as USGCRP’s: the
needs of the audiences they serve. The fact that there is overlap between the communities
that agencies serve and the users of NCA is one important motivational factor for federal
agency participation in NCA development in the first place (Fig. 3).

As agency interests and needs have evolved and expanded, so too have the chapters and
content expectations of the report expanded over time to meet those user needs. As more
federal agencies continue to broaden their work in the climate space, join USGCRP to better
coordinate that work across the government (DHS 2023; HUD 2023), and strive for co-
production principles of considering and incorporating user needs, we expect this trend of
expansion into new NCA content to continue. Additional discussion on the consequences of
increasing report size can be found in the Supplemental Materials.

6 Innovations

Given the huge array of legal, policy, and other needs, NCA development has grown to
become an incredibly complicated and intricate process. Navigating these difficult waters
requires an understanding of the foundational history of NCA, a clear vision for each indi-
vidual report’s development process, and the ability to identify how new scientific informa-
tion and process innovations can be built into the established assessment program.

Moreover, many of these innovations are focused on the fundamental difference between
assessments and scientific literature: the audience. Building assessments to be transparent,
readable, usable, and accessible to the audience is a critical part of assessment development.
See Table 1 for more details.

6.1 Advancements in chapter format
6.1.1 Risk-based framing and key messages
A goal of any science assessment is to present the science in such a way that it best sup-

ports the needs of decision-makers. The way information is framed is well known to impact
how users of that information interpret and utilize it (Kithberger 1998; Mishra et al. 2012;
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Publishing complete
metadata for all

Complying report figures Ensuring
with federal process
transparency

requirements

)

Encouraging
FAIR and
transparent

Establishing data usage

robust internal
and external peer

review processes Encouraging

public comment
and participation

Developing
comprehensive Respecting
guidance for copyright and
authors S intellectual
\ property

Properly Upholding
attributing scientific
sources Managing integrity

references

Fig.3 NCAS, like multiple NCAs before it, is the culmination of years of process, documentation, review,
and accessible design (Maycock 2023). Like the gears of a machine, these elements work together to cre-
ate an interlocking and highly effective overall product. They require a vast array of data tracking and ma-
terials management that are essential for ensuring that the report is transparent, complies with applicable
legal requirements, and reaches the widest possible audience (Maycock et al. 2023; Crimmins et al. 2024)

Melillo et al. 2014; Weaver et al. 2017; USGCRP 2018, Osaka et al. 2021; Crimmins et al.
2023). Based on feedback received during and after the development of NCA3 (NASEM
2016; Weaver et al. 2017), risk-based framing (RBF) was introduced in NCA author guid-
ance. Authors are encouraged to focus on topics that entail potentially serious consequences
to human and natural systems and seek to answer the question: What is it you value that is at
risk? RBF helps authors identify the questions that users most need addressed, thus framing
the scope of each chapter’s content.

As described, RBF reflects a significant departure from typical technical research dia-
logue, which tends to follow a logical chain from cause to effect. The NCA emphasis on
societal values speaks directly to a critical difference between assessments and scientific lit-
erature: the audience. Policymakers and decision-makers often come to decisions or actions
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by first recognizing what is at risk, and then asking how they need to act to protect the
thing they value that is under threat. RBF creates a system of shared language and framing
between scientific information and decision-makers. Additionally, NCAS5 authors use RBF
to create a chapter structure to better support decision-maker needs. Authors use RBF to
build out Key Messages, Traceable Accounts, and associated calibrated language.

Key Messages (KMs) are brief high-level statements used in nearly all assessments that
capture the main takeaways from a section of a chapter. Because some readers will only read
the KMs, they are critical for communication and dissemination. Therefore, the KMs are
designed to be clear, unambiguous, and content-rich statements that convey a complete and
accurate message without additional context needed (Avery et al. 2023a).

In recent assessments, public engagement efforts have helped authors understand user
perspectives on what they value that is most at risk, aiding the authors in developing useful
and usable content. USGCRP facilitates workshops, webinars, public comment efforts, and
other engagement activities, such as conference presentations and Tribal consultations, to
ensure public input shapes the scope of chapter content. Feedback received from both the
NCA authors and audience suggest that such public engagement efforts have improved the
readability and usefulness of KMs (Lustig et al. in preparation).

We anticipate RBF will continue to be used in future NCAs. The value it provides,
especially in framing the conversation around the risks and impacts of climate change, is
intended to focus readers on key issues and allow them to immediately glean the high-level
takeaways. In this way, RBF moves the climate conversation towards action. That said,
the science around the effect of framing on a reader’s interpretation and use of informa-
tion is progressing (Maxwell et al. 2022). We anticipate that future NCA leadership will
continue to be responsive to public feedback as well as advances in science communication,
evaluating whether RBF remains a useful approach and determining when to change tack if
better approaches arise. In addition, use of RBF need not be limited to KMs and Traceable
Accounts, but may also be a useful framing for chapter content, as well as communication
and outreach when the assessment is released. Additional detailed discussion on RBF and
its use in assessment can be found in the Supplemental Materials.

6.1.2 Traceable accounts & calibrated language

Another structural tool used in assessment chapters to improve usability is Traceable
Accounts, which document the author’s decision-making process when developing and
framing their chapter. Building on an initial concept developed for the IPCC (Mastrandrea et
al. 2010) and subsequently optimized by USGCRP for the NCA, Traceable Accounts serve
as a tool for authors to “show their work” more explicitly (Chang 2023). Rather than repeat
the assessment results discussed in the main chapter text, Traceable Accounts describe why
authors came to those conclusions. These sections describe the quantity and quality of infor-
mation sources, the level of agreement among evidence used, and how confident the authors
are in the state of knowledge. This includes author choices around the question “What do
you value that is at risk?”

In addition to explaining their decisions to highlight specific risks, authors are also
required in the Traceable Accounts to explain the decisions made in choosing the calibrated
language used in their Key Messages. Calibrated language is defined as “the use [in scien-
tific assessments] of specific terms to express degrees of confidence and likelihood [of a
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given relationship or outcome]” (Crimmins 2020). Use of Traceable Accounts and calibrated
language began in a formalized way in NCA3 and consistent application has improved in
assessments over time. In recent assessments, each Key Message has an associated Trace-
able Account and authors are use them to document their choices, including the evidence
supporting calibrated language choices. Unlike previous NCAs, which used a simplified list
of terms, Volume I of NCA4 (Climate Science Special Report) and NCAS5 adopted the full
set of calibrated terms used in the IPCC Fifth Assessment Report (Mastrandrea et al. 2011).
In Volume II of NCAA4, calibrated language was shown only in the Traceable Accounts, to
improve the readability of the Key Messages within the chapter. However, NCAS integrated
calibrated language into each sentence or phrase of the chapter Key Messages. This was
done in part with the hope that confidence and likelihood values would be maintained when
Key Messages are quoted by users (Painter 2013; Collins and Nerlich 2016). This helps
ensure the proper context and certainty in assessment statements are conveyed by secondary
communicators. Increasing visibility of these terms may have the effect of normalizing use
and improving understanding of calibrated language.

Evaluating confidence and likelihood is a key part of the assessment process and a
requirement of assessment authors, further differentiating the development of scientific
assessments from other types of technical publications (Table 1). Traceable Accounts and
calibrated language form a critical part of the traceability, transparency, and credibility of an
NCA. The importance of NCAs clearly and directly connecting these two elements with the
Key Messages, which are likely the most widely read parts of the report, is significant. Taken
together, these form the critical basis of authors’ assessment work, taking in the broadest
possible breadth of knowledge and distilling it to clear actionable messages. By describing
the decision-making process and effort behind the development of these messages and mak-
ing clear the level of certainty in the science, assessments allow readers to understand the
deeper context behind the author’s conclusions, as well as to check their work. Future NCAs
should continue to refine this effort, including more efforts to help authors provide consis-
tent information over time, as well as the metrics they use to come to their conclusions. The
continued use and improvement of calibrated language across NCAs helps identify research
gaps (Basile et al. 2023) and also provides an opportunity for agencies to evaluate how sci-
entific understanding of specific topics has advanced over time.

6.2 Moving beyond a book

One of the most important advancements of NCA has been the transition away from a prod-
uct designed to be printed and bound. For NCAS, the website itself is the official report of
record, delivered to Congress to meet the GCRA. The delivery of NCAS as a website is the
culmination of groundwork laid by earlier NCAs. The NCA has long pioneered effective,
web-based communication to aid readers in finding the information they are seeking, partic-
ularly as each successive assessment has grown larger. NCA3, at the time of its publication,
provided the entire report in web form, with improved functionality over the more static
NCA1 and NCAZ2 sites. The websites for NCA4, NCAS, and other USGCRP special reports
benefited from continuous advancements in user interface and user experience design. The
digital tools tested and pioneered in earlier iterations of the report live on today and continue
to be the foundation of future innovation.
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Delivering a website as the report of record allows for more flexibility and easier com-
pliance with recent laws on evidence tracking and digital accessibility. For example, the
websites for the last three NCAs have allowed users to view graphics metadata alongside
each figure, providing direct connections between underlying data and the visualizations in
the report. Similarly, NCAS provides alternative text alongside every image in the report for
the first time, providing improved access for those using screen readers (Avery et al. 2023a).
Responsively designed website architecture can also make reports functional across differ-
ent media platforms and tools (e.g., computers, tablets, phones).

The impact of the NCAS website being the report of record had fundamental ramifica-
tions for report development right from the start. For instance, the NCAS Overview authors
intentionally developed the chapter with sub-headers conveying complete messages, wrote
the text in short paragraphs, placed longer content in lists or tables, and incorporated photo
collages related to climate impacts to improve navigation and visual interest for scrolling
readers (Jay et al. 2023). Web interfaces were designed to be dynamically responsive to
many different viewing tools. Search bars, cross-chapter links, linked definitions of techni-
cal terms, and other navigation tools allow readers to rapidly find content that is most inter-
esting and relevant to them, without having to read the assessment linearly. These types of
considerations are directly in line with the goals and principles set out by NCAS leadership
(Crimmins et al. In preparation).

Future NCAs should prioritize digital delivery systems and incorporate user experience
design to meet evolving user needs. Decision-making requires more than just good informa-
tion; it requires that information to be provided to users in a way that enables and empowers
use of that information. Taking advantage of modern tools to deliver a web-based NCA that
provides both information and a platform to help support individual choices is critical for
broad accessibility. Such practices should be cultivated in future NCAs. Future assessment
developers may also consider use of other multimedia tools and communication platforms
to meet the evolving needs of users (see Crimmins et al. in preparation).

6.3 Sustained assessment

In its 2012 strategic plan (USGCRP 2017), USGCRP listed Sustained Assessment as a
core programmatic goal. The idea behind sustained assessment was to move away from the
development of singular products or events that placed heavy burdens on the research com-
munity and towards an ongoing process that supports continuous development and delivery
of timely information in support of decision-making. In 2013, the National Climate Assess-
ment and Development Advisory Committee released a report describing the concept of
sustained assessment. This report went into detail about the purpose of sustained assessment
efforts and provided a roadmap of conditions and efforts that would be necessary to achieve
the vision set out in USGCRP’s strategic plan (Buizer et al. 2013).

In concept, sustained assessment has strong merit. In addition to better serving the goals
of the GCRA overall, it could provide better engagement between the users and the produc-
ers of assessment products. Sustained assessment would theoretically address engagement
challenges by delivering steadier streams of timely, tailored climate information. In practice
however, it has proven both logistically and practically challenging for USGCRP to fully
embrace the sustained assessment approach described by Buizer et al. (2013).
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Quadrennial assessment reports are high effort projects; they require a great deal of time,
work, and care to be done well and to deliver useful products. Since NCA2, development
cycles have mostly aligned with the prescribed four-year time cycle identified in the GCRA
(Fig. 1). To accommodate the high level of effort required, the next NCA must begin devel-
opment before the previous one is fully finished; this expansion of the overall time frame
for report development has helped reduce the boom-bust nature of early NCA assessment
efforts.

This ongoing cycle has resulted in continuous development of NCA products, which
means a continuous cycle of assessment activities for the scientific community, USGCRP
agencies, and assessment staff. One benefit of this is that it creates an ongoing assessment
project that addresses the concerns previous cycles had about intermittent engagement or
boom-bust cycles. However, this overlap also has the potential to leave less room and fewer
resources for consideration of additional assessment products, like a topically focused spe-
cial assessment report. The last special report released by USGCRP was the second state
of the carbon cycle report in 2018. No other special report announcement has been made at
this time.

Much of the expansion of activities that might fall under the concept of sustained
assessment has been led by state and local entities rather than USGCRP. Many states and
municipalities are developing assessments around climate vulnerability, risk, and response
(California 2018; Adams et al. 2021; Wisconsin 2021; Mathews et al. 2024). Some of these
assessments rely on the NCA as an input to their work, connecting the national effort to local
needs. One benefit to this bottom-up sustained assessment approach is that there is a grow-
ing cadre of climate assessment experts in the country with deep expertise in their own local
area. This increase in expertise across the U.S. is a positive development, as future climate
decisions will be increasingly tied to highly localized needs (Moss et al. 2019).

Additionally, the rise of climate services points to a change in how the scientific com-
munity might think about assessments, from a single standalone product to one piece in a
portfolio of tools. Other climate services beyond assessment reports, such as climate indi-
cator dashboards and interactive online mapping tools, may be able to publish up-to-date
climate data in between the release of NCAs. This type of timely access to climate infor-
mation speaks to the “sustained” element if not the “assessment” element of the original
concept, providing people with data needed to make actionable decisions. These tools can
also serve to inform the NCA authors as they are developing the next report. The current
USGCRP Strategic Plan incorporates many of these lessons as the Program looks to future
work (USGCRP 2022).

6.4 Evolving knowledge and expertise

As climate-related scientific knowledge and user needs have evolved, relevant topics of
scientific interest (for example, beyond just Earth science) and different forms of knowl-
edge (for example, beyond just peer-reviewed literature) have become critical inputs to
the NCA, with direct impacts on development processes (Crimmins et al. in preparation).
Two examples of how evolving knowledge and expertise have been included in NCAs are
described below.
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6.4.1 Indigenous knowledge

Indigenous Knowledge (IK) systems have been included in NCAs since NCA1 (STAC-
CWG 2021), and all NCAs except for NCA2 have included a standalone chapter dedicated
to Indigenous peoples (Whyte In preparation). Indigenous representation has grown over
time: NCA4 saw much more extensive participation from Indigenous scientists on a wide
variety of topics throughout the report. No longer limited to a single chapter, Indigenous
science topics were included across the assessment, especially throughout the regional
chapters, which brought greater visibility to Indigenous communities across the country
and highlighted regionally distinct impacts. Also, during NCA4, approximately 50 authors
worked together to establish a list of IK-related terminology that was shared with chapter
teams in an effort to ensure consistency across the report. NCAS established the terminology
list as formal author guidance and made strides in ensuring that Indigenous scholars led the
development of Indigenous content across the report (Grade et al. 2023).

NCAS not only advanced inclusion of IK in the report content itself, but also in the
assessment development process. In 2022, the White House Office of Science and Tech-
nology Policy hosted several formal Tribal consultations on the inclusion of IK in federal
science (CEQ 2022). USGCRP participated in these consultations to learn how the NCA
could better incorporate IK. The consultations resulted in revisions to the NCA Information
Quality Act guidelines (Crimmins et al. 2024), which determine the source material that can
be used in the assessment. The updated guidelines explicitly lay out principles for including
IK and served to make way for the broader inclusion of IK across the report (Avery et al.
2023b).

6.4.2 Social science

The social sciences have been increasingly integrated into the NCA over several report
cycles (Maxwell et al. 2022), and the value of multidisciplinary representation has been rec-
ognized in a number ways: The USGCRP 20122021 Strategic Plan highlighted the social
sciences as critical to holistic scientific assessment (USGCRP 2022). Multiple reviews by the
National Academies of Science, Engineering, and Medicine (NASEM) of NCAs and other
programmatic work have highlighted and pushed for inclusion of social sciences (USGCRP
2013, Weaver et al. 2014). The USGCRP Social Sciences Task Force— a precursor to the cur-
rent USGCRP Social Science Coordinating Committee (SSCC)— was established to bring
organization and rigor to the incorporation of social science knowledge across the Program’s
work. After NCA4, the SSCC hosted a series of focus groups conducted with report authors
and subsequently developed recommendations for the further integration of social science
topics into future National Climate Assessments (Maxwell et al. 2022). The group followed
up with a memorandum to the NCAS Federal Steering Committee that ultimately led to the
creation of the new NCAS Social Systems and Justice chapter (Marino et al. 2023).

The SSCC also shared opportunities for public participation and input on NCAS with
the broader social sciences community, reaching out through professional societies and per-
sonal networks. In October 2020, they hosted a public webinar targeted at the social science
community that outlined the various pathways for participation in the NCAS development
process. The SSCC outreach efforts were targeted and specific, aimed at introducing the
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NCA to a relatively new audience, addressing concerns around interdisciplinary collabora-
tion, and demonstrating the role that social sciences have to play in the NCA. Their outreach
resulted in a large increase in the number of social scientists who volunteered as authors— in
the Social Systems and Justice chapter, but also across the entire assessment.

The Social Systems and Justice chapter takes a novel approach to its framework, which
can be used by other chapters to inform their social science content in the future. Rather than
grounding their chapter in risk, the Social Science and Justice author team branched out to
address topics such as the social processes that shape carbon emissions, the role of gover-
nance and policy processes in determining social outcomes, differences in ways of knowing
and understanding climate change, and the characteristics of a just transition. Across the
assessment, the increase in social scientists likely helped advance coverage of scientific
information on environmental justice, which was a new area of emphasis for NCAS (Men-
dez et al. In preparation).

Expanding the knowledge base of NCAs requires three things: (1) sources of high qual-
ity scientific information relevant to climate change to assess, (2) a scientific community
willing to serve as authors and technical contributors on those topics, and (3) the will to
expand the assessment into new knowledges, particularly among assessment leadership and
USGCRP agencies. The first and second requirement were met for both IK and Social Sci-
ence for many years. But it can take time to meet the third requirement, often longer than
one NCA cycle as evidenced by the multi-year effort to include a chapter on Social Science
and Justice. Expansion of future NCAs into evolving knowledge bases will likely continue
to be an area of evolution for USGCRP, and will also depend on other external factors, such
as future administration priorities and agency resources.

7 Conclusion

Since first created under the GCRA, the National Climate Assessment has evolved into a
critical tool supporting climate change related policy choices throughout the United States.
While developed by the federal government, the audience that both uses and relies on the
NCA has grown far beyond the federal agencies that help govern and construct it. NCAS
saw the largest group of people in history come together to build the report, with at least one
rough estimate of over 5,000 individual participants (Crimmins and Avery 2023). Feedback
from authors and other participants make clear that a core value-add to NCA participation is
the integration into a community of experts across disciplines that don’t easily and naturally
collaborate. Participants have reported that this interdisciplinary relationship building is a
core part of why many found the experience to be positive and valuable (Avery and Crim-
mins 2022).

As the state of climate knowledge continues to grow, the NCA is well-positioned, through
both process and statute, to grow with it and continue to meet its stated goals: assisting
the Nation and the world in understanding, assessing, predicting, and responding to global
change. Even with all the established rules and other policies and guidelines, NCA has not
withered, nor has it remained stagnant. Within these constraints, and even as new obliga-
tions have been put upon the developers of the report, NCA has evolved and continues to
strive towards building a better product.
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The authors anticipate that future NCAs will continue to evolve to meet changing legal
requirements and shifting user needs. As new scientific information becomes available and
users face varying climate risks, there will be pressure to include new topics within the
scope of future assessments. Conversely, other topics, particularly where science is “settled”
and few edits or updates would be required, may fade in visibility or be removed from future
assessments. Efforts by USGCRP to move into a long-desired evaluation space indicate that
future efforts to quantify impacts of assessments like the NCA will remain a priority for
USGCRP, such that evolving user needs can be considered early in assessment planning
cycles (NASEM 2024).

Other products or technical inputs may be created as separate efforts are needed to explore
specific topical areas in depth. Completely new assessments may be identified and grow in
importance, like the National Nature Assessment. New tools, such as the NCA Atlas, will
likely continue to emerge as critical methods by which assessment content can be delivered
to users to support decision-making. With these evolutions to meet the needs of the moment,
we anticipate that the NCA will continue to be a critical tool for communication, decision
support, and scientific inquiry.
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