
This signif icantly condensed version of the full report on implementation of a sustained National 

Climate Assessment in the United States is published here for the benef it of the wider AMS 

membership. Readers interested in full details are encouraged to seek the full report in  

Weather, Climate, and Society at https://doi.org/10.1175/WCAS-D-18-0134.1.

A FRAMEWORK FOR  
SUSTAINED CLIMATE ASSESSMENT 

IN THE UNITED STATES
R. H. Moss, S. Avery, K. Baja, M. Burkett, A. M. Chischilly, J. Dell, P. A. Fleming, K. Geil, K. Jacobs, 

A. Jones, K. Knowlton, J. Koh, M. C. Lemos, J. Melillo, R. Pandya, T. C. Richmond, L. Scarlett, J. Snyder, 
M. Stults, A. Waple, J. Whitehead, D. Zarrilli, J. Fox, A. Ganguly, L. Joppa, S. Julius, P. Kirshen, R. Kreutter, 

A. McGovern, R. Meyer, J. Neumann, W. Solecki, J. Smith, P. Tissot, G. Yohe, and R. Zimmerman

The recent Fourth National Climate Assessment 
(NCA4) (USGCRP 2017a, 2018a) shows that 
extensive changes in climate have been observed 

in all regions of the country. The report states that 
climate change “creates new risks and exacerbates 
existing vulnerabilities…presenting growing chal-
lenges to human health and safety, quality of life, 
and the rate of economic growth.” And it concludes 
that without additional large reductions in emissions, 
“substantial net damage to the US economy [will oc-
cur] throughout this century…”

As a result of growing public concern (Leiserowitz 
et al. 2018), efforts to reduce human contributions to 
climate change (“mitigation”) and to adjust systems 
and practices to uncertain future climate conditions 
(“adaptation”) are gaining traction. These efforts not-
withstanding, multiple assessments have concluded 
that mitigation is not taking place nearly rapidly 
enough to stabilize atmospheric GHG concentrations 
at safe levels (e.g., IPCC 2014, 2018). Assessments of 
the state of adaptation have found that adaptation 
is progressing, but not fast enough (e.g., Hansen 
et al. 2012; Bierbaum et al. 2014; Vogel et al. 2016). 

Practitioners are making long-term plans and in-
vestments without consideration of future climate 
changes and impacts likely to affect the lives and 
livelihoods of U.S. citizens.

To better meet Americans’ needs to increase pre-
paredness and resilience in the face of climate change, 
in 2016 the National Oceanic and Atmospheric Ad-
ministration (NOAA) and the Office of Science and 
Technology Policy of the White House convened a 
Federal Advisory Committee (FAC) to develop rec-
ommendations on how to accelerate development of a 
sustained national climate assessment. The basic idea 
of a sustained NCA (Buizer et al. 2013) is to better in-
form decision-making by providing access to knowl-
edge of climate change and its potential impacts in a 
more flexible and ongoing way than through a series 
of reports. The FAC was addressing how to advance 
implementation of the sustained assessment when, 
in August 2017, NOAA announced it would not be 
continued. However, most FAC members reconvened 
and joined with eight additional experts in early 2018 
as the Independent Advisory Committee on Applied 
Climate Assessment (IAC) to complete their report. 
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The complete report, available in Weather, Cli-
mate, and Society (Moss et al. 2019) is summarized 
here. IAC members (the main authors of the report) 
consulted broadly with practitioners, researchers, 
professionals, and science translators and received 
inputs from a number of related efforts including a 
“Science to Action” collaborative of some 100 orga-
nizations and individuals. 

The IAC’s report presents an ambitious agenda 
of ideas and initiatives addressed to the full range 
of stakeholders interested in improving climate 
change resilience and preparedness. These include 
federal agencies, state/local/tribal governments, the 
research sector including universities, professional 
associations, non-governmental organizations, and 
philanthropies. The IAC sunsets at the completion 
of this report, but as described below, with a broader 
coalition of groups it calls for establishing a new civil-
society-based consortium for climate assessment to 
work towards implementation of these ideas.

OVERVIEW OF MAIN FINDINGS. Practitioners 
need new types of scientif ic support for adaptation and 
mitigation. The IAC analysis begins by assessing the 
needs of practitioners, defined here as individuals in 
state/local/tribal governments, non-governmental 
and private sector organizations, and other set-
tings across the country where actions to limit and 
adapt to changing climate conditions are planned 

or occurring. The IAC highlights multiple ways to 
increase support for practitioners to apply climate-
relevant science, including by framing results so they 
can be integrated into existing decision frameworks 
and used in adaptation and mitigation. 

Practitioners identified a number of ways that as-
sessments could provide value: 

•	 Assessing how climate and impacts science can 
be embedded directly into existing policies, plans, 
operations, and budget structures; 

•	 Signaling the need for transformative action (as 
opposed to incremental adjustments), including 
substantial departures from current policies, infra-
structure, institutions, and governance structures;

•	 Providing scientific resources to support govern-
ments and organizations in creating and imple-
menting codes and policies that integrate future 
climate considerations;

•	 Developing methods for incorporating climate risk 
in financial analysis, bond rating, supply chain risk 
assessment, and other financial tools; 

•	 Supporting the building and training of a work-
force that understands and uses climate informa-
tion, especially in small and rural communities; 

•	 Helping develop methods and information that 
effectively communicate the current and future 
impacts of climate change, including conveying 
confidence and uncertainty; 

AFFILIATIONS: Moss—Earth Institute, Columbia University, 
New York, New York; Avery—Woods Hole Oceanographic 
Institute, Woods Hole, Massachusetts; Baja—Urban Sustainability 
Directors Network, Baltimore, Maryland; Burkett—William 
S. Richardson School of Law, University of Hawai’i at Mānoa, 
Honolulu, Hawaii; Chischilly—Institute for Tribal Environmental 
Professionals, Northern Arizona University, Flagstaff, Arizona; 
Dell—Resiliency Resources LLC, Fort Lee, New Jersey; Fleming 
and Joppa—Microsoft Corporation, Redmond, Washington; 
Geil—AAAS Science and Technology Policy Fellow, U.S. 
Department of Agriculture, Washington, D.C.; Jacobs—Center 
for Climate Adaptation Science and Solutions, University of 
Arizona, Tucson, Arizona; Jones—Lawrence Berkeley National 
Laboratory, Berkeley, California; Knowlton—Mailman School 
of Public Health, Columbia University, New York, New York; 
Koh—The Lightsmith Group, New York, New York; Lemos—
School for Environment and Sustainability, University of Michigan, 
Ann Arbor, Michigan; Melillo—The Ecosystems Center, Woods 
Hole, Massachusetts; Pandya—Thriving Earth Exchange, American 
Geophysical Union, Washington, D.C.; Richmond—Van Ness 
Feldman, Seattle, Washington; Scarlett—The Nature Conservancy, 
Arlington, Virginia; Snyder—Office of Air Resources, Climate 
Change and Energy, New York Department of Environmental 
Conservation, Albany, New York; Stults—City of Ann Arbor, Ann 

Arbor, Michigan; Waple—Studio30k, Asheville, North Carolina; 
Whitehead—North Carolina Sea Grant, Raleigh, North Carolina; 
Zarrilli—New York City Mayor’s Office, New York, New York; 
Fox—National Environmental Modeling and Analysis Center, 
Asheville, North Carolina; Ganguly—Northeastern University, 
Boston, Massachusetts; Julius—Environmental Protection Agency, 
Washington, D.C.; Kirshen—University of Massachusetts, Boston, 
Boston, Massachusetts; Kreutter—Princeton University, Princeton, 
New Jersey; McGovern—University of Oklahoma, Norman, 
Oklahoma; Meyer—University of California, Davis, Davis, California; 
Neumann—Industrial Economics, Cambridge, Massachusetts; 
Solecki—Hunter College, City University of New York, New York, 
New York; Smith—Abt Associates, Boulder, Colorado; Tissot—
Texas A&M University, College Station, Texas; Yohe—Wesleyan 
University, Middletown, Connecticut; Zimmerman—New York 
University, New York, New York
CORRESPONDING AUTHOR: R. H. Moss,  
rhm2137@columbia.edu

DOI:10.1175/BAMS-D-19-0130

©2019 American Meteorological Society
For information regarding reuse of this content and general copyright 
information, consult the AMS Copyright Policy.

898 | MAY 2019

mailto:rhm2137%40columbia.edu?subject=
https://doi.org/10.1175/BAMS-D-19-0130 
http://www.ametsoc.org/PUBSReuseLicenses


•	 Expanding methods and building capacity for 
state and local governments to engage the public 
in two-way communication so that planning pro-
cesses are more robust and support is generated for 
implementation; and 

•	 Aggregating, analyzing, and refining indicators 
for measuring change in conditions and evaluating 
effectiveness of adaptation and mitigation. 

The United States lacks a comprehensive national climate 
information system. Practitioners want definitive in-
formation on a number of climate adaptation science 
issues. For example, what are the most regionally 
robust sources of climate information for assessing 
specific hazards such as future flood risks, potential 
for wildfires, recurrence of heat waves, or persistence 
of drought conditions? How should uncertainty as-
sociated with projections of different variables in 
different regions be taken into account? Can future 
impacts and avoided damages from adaptation be in-
corporated in benefit-cost analyses? Which approach 
to downscaling is appropriate for which applications?

Some communities and decision-makers do have 
access to the resources needed to integrate climate 
change information into their work. But in most 
cases, those who are attempting to improve resilience 
to climate impacts and better manage risks lack the 
resources to do so. A recent study by the Govern-
ment Accountability Office (GAO) notes that “the 
climate information needs of federal, state, local, and 
private sector decision-makers are not being fully 
met” and that federal climate information efforts 
could be improved by establishing a focused and 
accountable organization that assists in providing 
authoritative data and needed technical assistance 
(USGAO 2015). GAO’s analysis reviews options for 
providing climate information and concludes that 
“a national system to provide climate information to 
U.S. decision makers could have roles for federal and 
non-federal entities…” 

Assessments can provide missing authoritative informa-
tion and engagement opportunities. Assessments can 
establish authoritatively how to use science in mak-
ing and implementing decisions. Assessments bring 
together experts and produce consensus summaries 
of “the state of the science” and the degree of certainty 
that the experts have in their conclusions. In the 
United States, Congress placed responsibility for con-
ducting assessments of global environmental issues 
such as climate change with the U.S. Global Change 
Research Program (USGCRP), a consortium of 13 
agencies. Four National Climate Assessments (NCAs) 

have been conducted since the passage of the 1990 
Global Change Research Act (GCRA 1990). A few 
states and a small number of cities/counties conduct 
assessments for their own jurisdictions (Bedsworth 
et al. 2018; NPCC 2015). For the most part, assess-
ments have not undertaken the challenge of assessing 
the “state of practice” in using science, traditional 
knowledge, and other information to manage climate 
risk. Comparative evaluation of different applications 
to determine which are robust and can be transferred 
from one setting or user group to another would help 
address GAO concerns and provide stakeholders with 
authoritative and tested information on the effective 
use of climate science in practical applications. 

RECOMMENDATIONS. The IAC reaffirms the 
conclusion by others (Buizer et al. 2013) that it is 
important to transition national climate assessments 
to a more sustained, user-oriented process. The IAC 
recommends that future assessments meet the need 
for authoritative information on how climate-relevant 
knowledge can be applied. In this report, the IAC uses 
the term “applied climate assessment” to describe this 
emphasis. The following is an overview of the IAC’s 
recommendations. 

Recommendation #1: Establish a civil-society-based 
climate assessment consortium. The IAC recommends 
that national, sub-national, and private institutions 
join together to establish and maintain a civil-
society-based climate assessment consortium. The 
consortium would bring together practitioners with 
scientists, professionals, and science intermediaries to 
evaluate how to use knowledge to adapt to and miti-
gate climate change. The consortium would provide 
ongoing partnerships focused on shared challenges 
rather than produce one-off reports. It would cre-
ate opportunities for users to query science in the 
context of community discussion of the tradeoffs 
and opportunities that come with adaptation and 
mitigation. The consortium would assess climate 
change information quality and usability based on 
scientific analysis integrated with the experiences of 
groups managing climate threats. It would inform 
best practices for implementation challenges such as 
designing infrastructure, using citizen science and 
artificial intelligence, and reflecting the benefits of 
resilience measures in bond ratings.

Blend civil-society and federal contributions. The 
term “civil-society-based” is intended to convey an 
expanded responsibility in governance and agenda 
setting by non-governmental institutions. This 
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increased role is essential to facilitate and support 
sustained dialogue, elevate user perspectives, and 
thus widen the community that shapes, accesses, 
and uses information in mitigation and adapta-
tion. However, the federal government, through 
the USGCRP and its participating agencies, must 
continue to lead in organizing and funding global 
change research as well as conducting state-of-
science assessments as mandated in legislation. There 
are a variety of options for ensuring an appropriate 
division of labor between federal assessments and 
the work of the consortium. 

Provide a “backbone organization” for existing 
networks and organizations. The IAC recommends 
a consortium approach because a large number of 
groups are working together on an ongoing basis to 
apply climate information to adaptation and mitiga-
tion. These include non-federal government agencies 
(state/local/tribal), NGOs (professional societies, 
think tanks, civic groups, CBOs), research organiza-
tions (academic centers, universities, regional science 
and assessment hubs), and businesses (corporations 
and other private companies) (see Fig. 1). A consor-
tium could be a “backbone organization” by facili-
tating a common agenda and mutually reinforcing 
activities for collaborative learning and access to 
authoritative knowledge and applications (Kania and 
Kramer 2011; Klempin 2016). 

Urgently focus on limiting, and adapting to, cli-
mate change. To accelerate progress in limiting and 
preparing for climate change, the consortium needs 
to rapidly mobilize to support local climate action. 
It could inform implementation of a broad range 
of climate risk management strategies. Mitigation-
related topics could include issues associated with 
managing carbon in the environment. For example, 
building on recent NCA products such as the re-
cently released Second State of the Carbon Cycle 
Report (USGCRP 2018b), the consortium could 
assess standards for durable carbon sequestration; 
measurement, reporting, and verification of com-
mitments; and the benefits and tradeoffs of man-
aging different forms of carbon (soils, methane vs. 
carbon dioxide). Example adaptation topics would 
include improving preparations for overt climate 
threats; updating infrastructure for non-stationary 
conditions; addressing social and environmental 
justice considerations of climate change; and incor-
porating climate risk into budgeting.

Convene partners to establish the consortium 
and secure funding. To establish the consortium, 
prospective consortium partners will need to or-
ganize to establish a set of guiding principles (e.g., 
for participation and quality assurance), develop 
a business plan, evaluate organizational alterna-
tives, and if necessary, incorporate a new entity. 

Fig. 1. Conceptual structure of the climate assessment consortium and its relationship to the ongoing National 
Climate Assessment.
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Information on initial leadership and engagement 
opportunities are provided at an interim website, 
www.climateassessment.org/. Resources will be 
required to support the governance process, a coor-
dinating secretariat, and the activities and products 
of a consortium. Initially, a consortium would de-
pend on contributions from visionary institutions, 
but following this start-up phase (expected to be 
three to five years), a self-sustaining long-term busi-
ness model has been proposed but requires further 
development.

Recommendation #2: Assess knowledge in the context 
of how it is applied. To respond to needs identified 
by practitioners, the IAC advises that a new climate 
assessment consortium assess the quality and ef-
fectiveness of information and tools being applied 
to adaptation and mitigation. Assessments could 
be based on the practitioner input and independent 
analysis contained in the research literature and case 
studies. Table 1 summarizes how the applied climate 
assessment proposed here would complement and 
extend the current NCA process. 

Focus on practitioner challenges. Assessments 
would address recurring challenges across state/
local/tribal jurisdictions of the United States. Pri-
oritizing challenges that recur in multiple locations 
would open the possibility of structured comparative 
analysis of how groups in these different places are 
developing information to support decision-making 
and implementation. More importantly, such a focus 
would provide practical benefits to a large number of 
practitioners. An assessment focused on practitioner 
challenges would be an efficient way to learn in order 
to scale up information services and identify innova-
tion and research requirements.

Sustain partnerships through co-production and 
communities of practice. The mechanism and con-
text for conducting these applied assessments would 
be a sustained and collaborative consensus process 
based on principles for effective engagement and co-
production (Lemos et al. 2012; Fujitani et al. 2017). 
Co-production involves researchers and users alike 
and promotes mutual learning and growth for all 
participants, not just knowledge users (Meadow et al. 
2015). Co-production increases knowledge use and 
allows for tailoring to specific needs of users. It also 
builds capacity and relationships for the production 
of usable knowledge and decision-making (Voorberg 
et al. 2015). As promising as co-production is, it is 
not a panacea, and additional work is required to 
understand effective practices (Lemos et al. 2018). 
Another model for sustaining partnerships is based 
on the concept of Communities of Practice (CoPs) 
(Probst and Borzillo 2008). CoPs share practical 
knowledge among individuals with a common in-
terest who are separated by geography, expertise, or 
organization. They can build relationships, trust, and 
capacity and facilitate communication. In the context 
of the sustained assessment, CoP participants would 
evaluate information needed to implement solutions 
to shared challenges, as well as the scientific validity 
and usability of different approaches for meeting 
these information needs. 

Assess information for implementation. Because 
practitioners indicate that action plans commonly 
stall at the implementation stage, the IAC explored 
structuring applied assessments around information 
needed and used in project implementation. Figure 2 
provides a stylized depiction of an adaptive manage-
ment process that a practitioner might use to plan and 
implement an adaptation or mitigation project. The 

Table 1. Overview of how “applied assessment” would extend the current National Climate Assessment 
process.

Current National Climate Assessment Added Dimensions of Extended “Applied” Climate Assessment

Organized by sector and region Organized by practitioner-defined challenges and problems, with attention 
to cross-sectoral interactions

Produces reports and other products Supports sustained partnerships (e.g., communities of practice) and pro-
duces authoritative “tested practices” and information to support project 
implementation

Assesses vulnerabilities and risks Adds assessment of applicability and usability of knowledge and support 
tools in different stages of implementing projects and improves access and 
guidance on their use for practitioners

Convened and governed by the federal gov-
ernment with inputs from science community

Coordinated by a consortium of states, local governments, tribes, and 
scientific/technical groups (research centers, professional societies, NGOs, 
CBOs) in collaboration with federal government

901AMERICAN METEOROLOGICAL SOCIETY |MAY 2019

https://www.climateassessment.org/


figure should not be interpreted literally but rather 
used to identify the different methods and types of 
information needed to frame problems, design op-
tions, make a decision, obtain financing, facilitate 
action through legal and financial incentives, and 
complete other implementation steps. The text boxes 
that ring the figure provide example topics that the 
applied assessment would explore.

Scale up a problem-focused national network. 
The proposed consortium would pilot a variety of 
approaches based on sustained dialogue and com-
munication, sharing of experience and information, 
and rigorous assessment of competing methods. By 
starting with a small number of pilot projects, the 
consortium would analyze the effectiveness of its 
own efforts and develop a workable approach. Over 
time, it would establish additional CoPs and/or other 
processes for different goals or problems, leading to 
a distributed, sustained national effort focused on 
an array of high-priority adaptation and mitigation 
challenges. 

The IAC acknowledges that standardization is not 
always desirable and can sometimes do more harm 
than good, as when tools unfit for a particular ap-
plication lead to poor decisions. The applied climate 

assessment must experiment with strategies that lead 
to customization.

Recommendation #3: Advance methods for climate risk 
management. The IAC identifies six areas of opportu-
nity for groups working in climate risk management 
to accelerate innovation and adoption of promising 
methods and technologies.

Evaluate climate information in the context in which it 
is used. A large array of climate information produced 
using a range of methodologies is freely available, in-
cluding many methods for translating Global Climate 
Model (GCM) information from coarser- to finer-scale 
resolution. But different methods can appear to pro-
vide conflicting information or be inappropriate for 
a particular application (NAS 2012; USGCRP 2017a). 
Conversely, many locales do not have much or even any 
geographically specific, relevant data available. How can 
practitioners choose the information that is most suit-
able? Does the range of available information character-
ize legitimate scientific uncertainty and is it credible for 
a given application? This problem has been coined the 
“practitioner’s dilemma” (Barsugli et al. 2013). 

The IAC recommends increasing efforts to evalu-
ate GCMs and the various methods of producing 

Fig. 2. These are the typical steps practitioners are likely to take—with the corresponding climate knowledge 
they would identify and assess at each step—in a process of implementing adaptation and mitigation. This is 
not a literal process, but it illustrates the range of issues that an applied assessment could address if it focused 
on evaluating information needed to frame a problem and implement solutions. 
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finer-scale climate information in the context of par-
ticular adaptation challenges to help users make in-
formed decisions about what climate information and 
which analysis methods may be fit for particular ad-
aptation challenges. This type of evaluation presents 
substantial scientific and technical challenges that 
have only recently begun to be addressed (Shepherd 
et al. 2018; Hackenbruch et al. 2017; CADWR 2015). 
Next steps include: 

•	 Developing approaches for producing and evalu-
ating climate science for applications that involve 
close coordination between scientific and user 
communities; 

•	 Establishing a trusted and reliable process for 
providing ongoing guidance to the climate infor-
mation user community regarding which means of 
producing climate information are suited to which 
kinds of adaptation challenges; 

•	 Convening a multi-institutional and multidis-
ciplinary technical committee to identify good 
practices, high-priority research gaps, standards 
for evaluating progress, and measures for promot-
ing effective scientist-practitioner engagement; 
and 

•	 Training and certifying a new generation of sci-
entific and technical experts capable of effectively 
and ethically applying climate science in support 
of decision-making.

Assess methods for appraising adaptation and miti-
gation options and making decisions. Benefit-cost 
analysis (BCA) is often used to evaluate whether an 
adaptation or mitigation proposal’s overall benefits 
are greater than its costs in the process of making de-
cisions about financing and implementation. A range 
of tools and methods are available (e.g., Neumann 
et al. 2015; Moser et al. 2014; Cervigni et al. 2017; 
Ahouissoussi et al. 2014). As discussed in this report’s 
findings, BCA generally fails to consider all relevant 
costs and benefits and is challenged by uncertainty, 
attitudes toward risk (especially regarding irreversible 
damages), questions about discount rates and time 
preference, and longer than usual time horizons. 
These shortcomings and the desire to consider the 
implications of uncertainty in climate projections 
have led to an interest in alternative risk-based 
decision-analysis frameworks for adaptation, such 
as robust decision-making (Hallegate et al. 2012) and 
multi-criteria analyses. 

Building on insights from research, experience, 
and guidance documents on applying BCA methods, 
the IAC recommends:

•	 Assessing currently available tools and ap-
proaches and how they can be applied to support 
diverse adaptation decisions and actions in a 
special report and related guidance and training 
materials;

•	 Disseminating tools and knowledge—for example, 
by providing online access to spreadsheet tools, 
available climate scenarios and other relevant data, 
and by providing training; and

•	 Providing feedback to the research community, 
tool developers, and grant-making agencies and 
foundations about gaps in knowledge or capabili-
ties to foster research on improving application of 
BCA to climate adaptation projects.

We note the importance of addressing the needs 
of staff and individuals in small communities (i.e., 
under 250,000 people) who lack technical expertise 
and resources to access even basic tools and methods. 

Foster collaboration of local and national indi-
cator initiatives. Indicators are seen as critical to 
support mitigation and adaptation planning and to 
evaluate the effectiveness of climate-related actions. 
The interest in locally driven indicator systems (e.g., 
NPCC 2015; NYC Office of the Mayor 2018; USDN 
2016) follows on efforts to establish a National Cli-
mate Indicators System (NCIS) during and after the 
Third National Climate Assessment (e.g., Janetos 
et al. 2012; Buizer et al. 2013; Kenney et al. 2014; 
Kenney et al. 2016). The goal of the NCIS was to 
provide means to detect the status, rates, and trends 
of climate, environmental, and socioeconomic con-
ditions. Implementation was to occur by piloting a 
subset of nationally relevant indicators first, then 
following up with a larger set, refining and add-
ing indicators where necessary. Efforts to develop 
climate indicators and apply them have become 
widespread, and the need for such indicators is only 
growing as investors and other decision-makers 
seek to understand the effectiveness of potential 
interventions. To support these applications, re-
search is needed to determine what indicators help 
communities in adaptation and to explore whether 
these indicators can be scaled up (aggregated) to 
provide useful information to support national scale 
assessments and decision-making.

The IAC recommends using the applied assess-
ment process to examine the need for and use of lo-
cally developed indicators, and to identify potential 
convergence between national, regional, and local 
scale indicators that could shape the future direc-
tion of the NCIS. One option is to focus on urban 
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infrastructure indicators as an initial test case, given 
their widespread relevance and potential for applica-
tion. This pilot activity could, for example: 

•	 Take stock of existing climate indicator efforts;
•	 Extend ongoing work on indicators and partner 

with local communities to establish a shared 
framework for further research and assessment;

•	 Conduct pilot urban infrastructure indicator 
studies using the shared framework, focusing on 
feasibility, applicability, and scalability;

•	 Analyze results from pilot studies and other ongo-
ing initiatives to identify useful and feasible ap-
proaches for different local and regional settings, 
and to inform changes to the NCIS.

Accelerate the use of artificial intelligence to 
support climate resilience building. Artificial intel-
ligence (AI) offers opportunities to change how 
society responds to climate risks and to improve re-
silience to climate change. Subdisciplines of AI, such 
as machine learning (ML) and robotics, have already 
been applied in climate science and engineering and 
are being used to identify impacts, insights, and op-
tions that would be difficult to otherwise discover 
(Ganguly et al. 2018). Recent advances have touched 
three broad areas: earth-systems science and model-
ing (Rasp et al. 2018); assessment and management 
of risks and adaptation (Chavez et al. 2015); and 
mitigation (Mascaro et al. 2014). ML depends heav-
ily on the availability of volumes of heterogeneous 
data. Some of these data come from satellite remote 
sensors and large-scale numerical models that are 
openly shared, while adaptation-specific data, such 
as those for critical infrastructures and key natural 
resources, may be restricted due to privacy or secu-
rity concerns.

Potential risks and challenges will need to be 
thoughtfully explored and addressed, including de-
velopment of ethical principles to undergird develop-
ment and adoption of AI applications (Floridi 2018). 
Challenges include maintaining transparency, trans-
ferring the capacity of individuals to act to automated 
processes, and societal resistance and restrictions on 
new technologies that can be seen as “taking over” 
interactions and environments. 

•	 The IAC identifies opportunities for the applied 
assessment process:

•	 Convening and developing partnerships that 
include academia, the private and public sectors, 
and other groups to map applications related to 
climate risk management;

•	 Assessing actual usage in decision contexts, includ-
ing the perspective of practitioners and citizens;

•	 Identifying applications that can be conducted in 
a test-bed mode to provide the greatest advance-
ment in shared, scalable, actionable information; 
and 

•	 Preparing a special report, potentially produced 
jointly with the federal NCA process, to synthesize 
knowledge and identify productive frontiers. 

Launch a rigorous citizen and community science 
initiative to improve data on impacts and responses. 
In “citizen and community science,” people who are 
not trained as scientists can participate in science. 
With their diversity and focus on real-world prob-
lems, citizen and community science programs are 
particularly promising for applying climate science 
to climate adaptation and mitigation (e.g., f looding 
in New Orleans or urban heat in New York City). 
The NCA3 report (Melillo et al. 2014) notes “There 
are opportunities to take advantage of citizen science 
observations…for data-poor regions, focusing on 
inadequately documented socioeconomic, ecologi-
cal, and health-related factors, and under-observed 
regional and sectoral data.” A recent NAS report 
also suggests that citizen science can be “a pathway 
for introducing new processes, observations, data, 
and epistemologies to science,” including climate 
science (NAS 2018).

In spite of this potential, citizen and community 
science is currently underused in climate science 
and assessment. Increasing its use could help to fill 
many long-standing data gaps related to: local climate 
extremes and conditions; the impacts of these events; 
and needs for different types of adaptation measures. 
A particular opportunity is to document and improve 
understanding of the interactions of climate change 
with pre-existing challenges such as poor air and wa-
ter quality, exposure to toxic wastes, lack of resources 
for coping and adapting, and other historical prob-
lems. Benefits of citizen science projects can include 
improving data, informing model development and 
solutions, monitoring results, and building commu-
nity awareness and public engagement. 

The IAC recommends that the applied assessment 
coordinate with citizen science groups and programs 
to expand the use of citizen science in climate risk 
management, prioritizing underserved regions and 
communities. A variety of near-term initiatives would 
support this broad effort:

•	 Assess current usage of citizen and community 
science in climate adaptation and mitigation;
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•	 Develop standards and protocols to ensure rigor 
and consistency in data collection, including har-
nessing emerging technologies such as AI;

•	 Identify ways that citizen and community science 
provide local contextualization to supplement 
climate projections and models;

•	 Adapt the participatory methods of citizen and 
community science to enable climate research to 
inform community participation in climate policy 
debates; 

•	 Use citizen and community science to better con-
nect climate research to the short-and long-term 
priorities of historically underserved, marginal-
ized, or oppressed communities.

Facilitate use of geospatial analysis. Geospatial analy-
sis, including GIS and other mapping tools, enables 
practitioners to determine how climate extremes have 
impacted or will impact things they care about (such as 
property, infrastructure, and communities) as well as to 
explore the effectiveness and implications of adaptation 
options (for example, tradeoffs across ecosystem- and 
infrastructure-based approaches to f lood control). 
GIS methods are particularly useful for integrating 
climate data (both observations and projections) with 
socioeconomic and environmental data on vulnerabil-
ity and risk. Technological innovation has facilitated 
a transition from maps available at only national and 
regional scales to the provision of analysis, services, and 
reports at state, county, and municipal levels. Better 
and more accessible tools have some potential pitfalls 
including the potential to overlay unrelated data. There 
are also issues of access: large and medium-size cities 
can access these methods, but small cities, historically 
disadvantaged communities, and rural areas usually 
lack needed financial resources, capacity, or data.

The IAC recommends accelerating efforts to as-
sess different methods and applications and develop 
tested practices on how to apply these tools in specific 
settings, specifically: 

•	 Facilitate ongoing public-private partnerships with 
regional climate centers and adaptation profes-
sional groups and convene CoPs around specific 
mapping approaches;

•	 Collaborate with ongoing efforts to develop and 
apply a rigorous framework to assess practices and 
methods for applying geospatial data and tools to 
specific problems, building on the explosion of 
case studies and applications; and

•	 Prioritize capacity building and access to local 
climate assessments for small, historically disad-
vantaged, and rural communities. 

CLOSING THOUGHTS AND NEXT STEPS. 
The IAC has identified a very ambitious agenda of 
initiatives that it believes can advance a sustained 
assessment and increase the application of climate 
science and knowledge by practitioners. Its central 
strategy is establishing a new and more inclusive 
applied assessment consortium. This approach is 
recommended for a variety of reasons, including the 
fact that the federal government alone cannot pre-
pare the nation for change. The consortium would 
build on and augment federal climate assessments 
by synthesizing and evaluating knowledge from 
science, traditional ways of knowing, and collabora-
tive learning from the experience of on-the-ground 
practitioners. The consortium would expand the 
scientific foundations for risk management by build-
ing on previous assessments. It would also address 
shared challenges and opportunities, including 
communication, engagement, and capacity building. 
The IAC urges a range of partners to join forces to 
address climate adaptation and mitigation issues, 
including the USGCRP and other federal programs 
and agencies, as well as the many non-federal groups 
working in this area.
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