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ABSTRACT

As states, cities, tribes, and private interests cope with climate damages and seek to increase pre-

paredness and resilience, they will need to navigate myriad choices and options available to them. Making

these choices in ways that identify pathways for climate action that support their development objectives

will require constructive public dialogue, community participation, and flexible and ongoing access to

science- and experience-based knowledge. In 2016, a Federal Advisory Committee (FAC) was convened to

recommend how to conduct a sustained National Climate Assessment (NCA) to increase the relevance and

usability of assessments for informing action. The FACwas disbanded in 2017, but members and additional

experts reconvened to complete the report that is presented here. A key recommendation is establishing a

new nonfederal ‘‘climate assessment consortium’’ to increase the role of state/local/tribal government and

civil society in assessments. The expanded process would 1) focus on applied problems faced by practi-

tioners, 2) organize sustained partnerships for collaborative learning across similar projects and case

studies to identify effective tested practices, and 3) assess and improve knowledge-based methods for

project implementation. Specific recommendations include evaluating climate models and data using user-

defined metrics; improving benefit–cost assessment and supporting decision-making under uncertainty; and

accelerating application of tools and methods such as citizen science, artificial intelligence, indicators, and ge-

ospatial analysis. The recommendations are the result of broad consultation and present an ambitious agenda for

federal agencies, state/local/tribal jurisdictions, universities and the research sector, professional associations,

nongovernmental and community-based organizations, and private-sector firms.

1. Focus and origins of this report

Damages and loss of life occurring across the United

States from recent floods, wildfires, and heat waves dem-

onstrate the growing risks associated with climate change.

The impacts vary from place to place and across diverse

communities with different vulnerabilities and capac-

ities to respond. Media attention largely focuses on the

costly impacts of more frequent and/or severe extreme

events. But slower-onset changes in conditions such as

higher nighttime temperatures, reduced snowpack, and

more frequent ‘‘sunny day’’ nuisance flooding are also

having substantial impacts, especially as they interact

with other long-term trends such as subsidence of land

in coastal areas, expansion of paved surfaces and hu-

man settlement, and degradation of ecosystems and

vital natural resources. The disruption to communities

and lives in both rural and urban areas is widespread,

with a particular burden on the working poor (especially

those whose livelihoods are directly tied to natural re-

sources), indigenous nations, historically disadvantaged

communities, the young and the elderly, and others who

lack adequate resources to adapt. All levels of govern-

ment, the private sector, and individual citizens collec-

tively are already spending billions of dollars to recover

from and implement measures to moderate future dam-

ages resulting from these interacting forces.

Through their direct experience and reports such as

the recent FourthNational ClimateAssessment (NCA4;

USGCRP 2017a, 2018a), most people have come to

accept that climate is changing and will have serious

consequences (Leiserowitz et al. 2018). NCA4 shows

that extensive changes in climate have been observed

in all regions of the country, and that Americans are

already being forced to make difficult decisions and are

struggling to recover from and prepare for impacts. The

report updates a series of prior comprehensive assess-

ments (released in 2000, 2009, and 2014) and exten-

sively documents these impacts. A key message states

that climate change ‘‘creates new risks and exacerbates

existing vulnerabilities in communities across the

United States, presenting growing challenges to human

health and safety, quality of life, and the rate of economic

growth.’’ A recurring finding in many of the sectoral and

regional chapters is that among those most likely to

suffer these impacts are society’s most vulnerable pop-

ulations. The report finds that without additional large

reductions in emissions, ‘‘substantial net damage to the

US economy [will occur] throughout this century, espe-

cially in the absence of increased adaptation efforts.’’

‘‘Now what?’’ is the pressing question that many

are asking. How can we avoid the worst damages?

What can be done to prepare for the impacts we can no

longer avoid? And when we do incur damages, how can

we recover more quickly and rebuild better? These

questions point to many challenges that will require

state/local/tribal governments and citizens to integrate

science and community values in decision-making. And

they highlight the need for additional research and

assessment to improve options and knowledge to sup-

port implementation. For many communities, the chal-

lenge is to incorporate information about climate change

and policies into planning economic opportunities, im-

proving social welfare, updating infrastructure, protect-

ing water resources, or conserving natural environments.

Others need to manage overt climate threats—reducing

risks of calamitous wildfires, containing health threats,

managing flooding from record rainfalls, and recouping
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depressed agricultural production—while navigat-

ing challenging legal, financial, and equity issues ex-

acerbated by preexisting burdens such as histories of

restrictive zoning, siting of industrial facilities, and in-

adequate public health infrastructure. For some, the

goal is to seize new opportunities such as developing

renewable energy options in ways that create economic

opportunity for all andmaintain energy system resilience.

Navigating the choices and options, most of which

involve trade-offs and compromises, will require con-

structive public dialogue, community participation, and

the ability for state/local/tribal leaders and citizens to

access our knowledge of climate change and its po-

tential impacts in a flexible and ongoing way. For ex-

ample, community-based organizations (CBOs) will

need to interact with climate-resilience planners and

other groups to consider the benefits and trade-offs of

proposed actions and to ensure effective implementa-

tion that supports increased social cohesion, civic par-

ticipation, and community stewardship—all markers of

resilience in the face of climate change. The motivation

for this report is to transition sustained climate assess-

ment to a dynamic process that helps affected jurisdic-

tions, communities, and organizations establish pathways

for climate action that support their ongoing growth and

development objectives by providing opportunities to

interact with authoritative climate information, place-

based knowledge, and our understanding of effective

solutions.

Significant efforts are already under way both to reduce

human contributions to climate change (‘‘mitigation’’) and

to adjust systems and practices to withstand (or even

benefit from) impacts that can no longer be avoided

(‘‘adaptation’’). With respect to mitigation, U.S. states,

local governments, companies, and citizens are con-

tributing to global efforts to reduce greenhouse gas

(GHG) concentrations in the atmosphere. Attention

and planning have focused heavily on efforts to reduce

GHG emissions in the energy sector, transportation,

residential and commercial buildings, industry, and

agriculture; specific technologies being developed in-

clude biofuels, carbon capture, and increasing uptake

of carbon on agricultural lands, forests, and marginal

lands, among others. These efforts notwithstanding, mul-

tiple assessments have concluded that mitigation is not

taking place nearly rapidly enough to stabilize atmospheric

GHG concentrations at safe levels and that policies at

multiple jurisdictions of government—including federal—

must be strengthened to avoid unmanageable levels of

climate change (e.g., IPCC 2014c, 2018).

Because impacts occur across all sectors of the econ-

omy and all regions of the nation and the capacity for

individuals and communities to adapt varies greatly,

many types of adaptation will be needed to recover from

damages that have already occurred and to prepare for

projected impacts. Assessments of the state of adapta-

tion have found that adaptation is progressing, but not

fast enough to prepare for the existing and projected

impacts (e.g., Hansen et al. 2012; Bierbaum et al. 2014;

Vogel et al. 2016). For example, a study by Moser et al.

(2017) found that ‘‘communities across the US are ex-

perimentingwith adaptation . . . aided by an ever-growing

base of knowledge and a plethora of tools. Still, the field

remains limited in scope and effectiveness . . . too many

adaptation efforts are stalled at the planning stage.’’

Practitioners are making long-term plans and in-

vestments without consideration of future climate

changes and impacts likely to affect the lives and liveli-

hoods 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 (NCA). The

basic idea of a sustained NCA (Buizer et al. 2013) is to

use what is known about making scientific information

actionable in order to better support state/local/tribal

governments, communities, organizations, and individuals

who need to address climate risks. While a sustained

NCA will not address all the barriers to meeting com-

munity needs for preparedness and resilience, it can

develop and deliver answers to many questions and

issues that are repeatedly encountered. For example,

there aremany different sources of climate information

and tools; which ones are suited for which applications?

Of themany case studies that document practice, which

provide ‘‘best practices’’ that are relevant for a specific

challenge? What science should inform standard-setting,

as engineers, architects, and other professionals update

codes and practices to take climate change into account?

A sustained assessment can provide essential capacity

and knowledge to help all Americans shape and prepare

for an uncertain future climate.

Another dimension of the sustained assessment con-

cept is to provide access to evolving knowledge and to

highlight research needs. While currently available sci-

ence is robust and based on centuries of research, the

science community continues to learn about the interactions

of the Earth system with global to local processes. Research

across a wide range of disciplines and perspectives is

improving understanding of the climate system, options

for reducing emissions and managing carbon, and ap-

proaches for adaptation. Ongoing monitoring, observations,
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and modeling—as well as continuing assessments on

issues from understanding climate processes to assess-

ing the costs of inaction—will be essential for managing

climate risk. Expanding federal research on climate

science and solutions is essential, as is diversifying

sources of support from other levels of government and

the private sector (e.g., research firms and founda-

tions). If properly focused and conducted, a sustained

assessment can improve timely access to evolving and

relevant information.

The FAC was addressing how to advance implementa-

tion of the sustained assessment when, in August of 2017,

NOAA announced it would not be continued. However,

with support from the State of New York, Columbia

University, and the American Meteorological Society,

most FAC members reconvened and joined with eight

additional experts in early 2018 as the Independent

Advisory Committee on Applied Climate Assessment

(IAC). IAC members (the main authors of this report)

consulted broadly with user groups including state/local/

tribal entities, nongovernmental institutions (NGOs),

professional societies, and the private sector, as well as

with scientists and intermediaries in professional set-

tings who conduct climate research, develop applica-

tions, and support adaptation. IAC members also

contributed inputs based on the work of a number of re-

lated efforts including a ‘‘Science toAction’’ collaborative

of some 100 organizations and individuals interested in

maintaining access to federal scientific information and

fostering better science–practice interactions. All these

insights increased the Committee’s understanding of the

current status of activities to adapt to andmitigate climate

change, what additional support is needed for im-

plementation, and the evolving practice of ‘‘coproducing’’

research that is both curiosity driven and serves applied

needs. While the IAC bears sole responsibility for the

content of this report, the recommendations would not

have been possible without these contributions and the

work of the many communities seeking to increase the

nation’s readiness and resilience.

Through its work, the IAC has reaffirmed the con-

clusion reached in other reports and by other groups

that it is important to transition national climate as-

sessments to a more sustained, user-oriented process.

The IAC recommends adding a focus to this process on

evaluating how climate-relevant knowledge can be

applied in specific types of decisions and actions (among

other priorities). The IAC uses the term ‘‘applied climate

assessment’’ to describe this emphasis: while the term

may be novel, the concept is not and is reflected in many

ongoing efforts.

We begin with a short review of the challenges of

taking action from the perspective of ‘‘practitioners,’’

defined here as individuals in state/local/tribal govern-

ments, private-sector firms, NGOs, CBOs, universities

and other research institutions, professional associations,

and other settings across the country where actions to

limit and adapt to changing climate conditions are plan-

ned or occurring. The report then reviews requirements

for a national climate information system and describes

the role that assessments have played in providing au-

thoritative information. Based on the needs identified by

practitioners, it makes three overarching recommenda-

tions, each with a number of related opportunities, which,

if implemented, could advance the potential contribution

of sustained assessments in providing authoritative, ac-

tionable information.

Report recommendations are addressed not only to

the federal government, but to all categories of stake-

holder groups identified in this report. Encouraging a

more active role for nonfederal partners is not intended

to replace but would supplement the science and as-

sessment efforts of the federal government, which re-

main paramount in effectively dealing with the risks of

climate change.

Taken together, the recommendations constitute an

ambitious agenda of ideas and initiatives. The IAC en-

courages individuals and groups with an interest in im-

proving climate resilience and preparedness to collaborate

in refining and implementing them. 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 toward implementation of these ideas. A more ex-

tensive discussion of the ideas presented in this report,

including ideas for implementation, is in preparation as a

journal special issue.

2. Practitioner perspectives: How assessed
knowledge can advance implementation

One of the primary reasons that many adaptation ef-

forts stall after the initial planning phase is that the

support systems needed to help practitioners with imple-

mentation are lacking. For example, a study by Stults et al.

(2015) found that the vast majority of adaptation support

tools, resources, and services focus on assisting stake-

holders with conducting vulnerability assessments, en-

gaging the public, or creating a climate adaptation plan.

Very little support exists for implementing a plan, passing

pertinent policies, revising governance and institutional

systems, or monitoring results. Businesses and investors

face similar challenges in assessing climate risk, de-

veloping actionable plans, and implementing those plans.

Illustrative challenges include maintaining infrastructure,

water supplies, and economic opportunities in light of
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increases in extreme flooding; identifying thresholds for

different types of extreme events and improving pre-

paredness; developing approaches for financial analysis

appropriate to evaluating adaptation and mitigation

projects; and building adaptive capacity in communities

by addressing the underlying causes of vulnerability.

These examples are not exhaustive but are meant to

demonstrate where and how connecting science to action

can help advance resilience efforts and where more ap-

plied, digestible, and collaboratively produced science

is needed.

In this report, the IAC highlights the opportunity to

increase support for practitioners to apply climate-relevant

science in multiple ways, including by framing findings

and results so they can be integrated into existing deci-

sion frameworks and used to implement adaptation and

mitigation actions. Practitioners identified a number of

ways that assessments could provide value:

d assessing how climate and impacts science can be

embedded directly into existing policies, plans, oper-

ations, and budget structures;
d signaling the need for transformative action (as op-

posed to incremental adjustments), including more

substantial departures from current policies, infra-

structure, institutions, and governance structures, by

conducting research that helps identify when small but

useful adjustments within current systems or para-

digms are insufficient;
d providing scientific resources to support governments

and organizations to create and implement codes and

policies that integrate future climate considerations;
d developing methods for incorporating climate risk in

state, local, and regional financial analysis, bond rating,

supply chain risk assessment, and other financial tools;
d supporting capacity building and training for a climate-

informed workforce that is able to understand and use

climate information, especially in small and rural

communities;
d contributing to development of methods and informa-

tion that effectively communicate the current and future

impacts of climate change, including conveying confi-

dence and uncertainty;
d expandingmethods and building capacity for state and

local governments to engage the public in two-way

communication so that planning processes are more

robust and support is generated for implementation;

and
d aggregating, analyzing, and refining indicators for

measuring change in conditions and evaluating effec-

tiveness of adaptation and mitigation.

Practitioners indicate that the capacity and support for

action increases if an understanding of climate science

and impacts is embedded directly into existing policies,

plans, operations, and budget structures (Stults 2017;

Woodruff et al. 2019). Integrating climate-relevant sci-

ence and policy into existing plans and structures

(sometimes referred to as ‘‘mainstreaming’’) can enable

practitioners to act in a timely fashion, identify overlaps

with other sectors and stakeholders, and take advan-

tage of funding from multiple sources. Many docu-

ments, guidance platforms, and budgeting processes

(e.g., sustainability plans, master plans, land use plans,

transportation plans, capital improvement plans) could

benefit from integrating climate science and information

on risks and opportunities. For the most part, when cli-

mate information is used in preparing these plans, it is

based on historical weather patterns rather than on

projections of future hazards informed by climate and

impacts science. Without this knowledge, practitioners

are making important investment and preparedness

decisions based on outdated information—creating a

situation where communities, tribes, and states are un-

derpreparing for or maladapting to future hazards. Ex-

amples of specific opportunities related to mainstreaming

include providing scientific information that can be used in

local government planning documents; integrating climate

change into dynamic flood maps that include coastal,

riverine, and infrastructure-failure flooding; data and

projections to support development of climate-smart

transportation infrastructure; and tools for scenario

analysis and physical risk evaluation that communities

can use in planning and decision-making, and that also

help companies and investors identify and disclose

physical climate risks. It is also critically important to

understand the cross-sector effects of adaptation pro-

cesses to enable pooled resources and protect against

unintended consequences of siloed planning.

Another need frequently identified in stakeholder

surveys is funding to implement climate adaptation and

mitigation actions (Moser et al. 2018). Efforts to obtain

funding are held back by a variety of problems, in-

cluding difficulty in conducting life cycle and benefit–

cost analyses (especially for ecological and social costs),

lack of familiarity with or access to more sophisticated

economic assessment tools under uncertainty, and in-

ability to account for benefits and costs in related areas

because financial systems are stove-piped (Moser et al.

2018). In recent years, greater attention has focused on

developing and applying a variety of financial analysis

methods appropriate to assessing the returns on in-

vestment in climate solutions. Among the specific needs

and opportunities are improving tools for evaluating costs

and benefits of response options (including post-

poning action or deciding not to act); evaluating debt

and investments to reflect changing climate hazards
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and benefits of resilience measures; assessing the

GHG content of different investments and financial

instruments (e.g., retirement portfolios); identify-

ing supply chain and other climate-related business

risks; and incorporating climate risk in state, local,

and regional financial analysis. In addition, practitioners

need information on the linkages, synergies, and tradeoffs

across adaptation,mitigation, and sustainabilitymeasures

to enable them to use resources more efficiently when

attempting to meet multiple objectives.

Practitioners repeatedly raise the challenge of un-

derstanding whether the measures they have imple-

mented are producing their intended benefits, or

contrarily producing unintended negative side effects.

Practitioners are searching for indicators to monitor

changes in physical climate, environmental, and so-

cioeconomic systems that affect vulnerability and resil-

ience at multiple scales, from local to national. Monitoring

programs are often difficult to fund so practitioners are

seeking inexpensive or reasonably priced approaches

to monitor the effects of climate change and response

options, especially the effects on the most vulnerable

communities. Plans for a comprehensive federal in-

dicator system to monitor ongoing climate changes as

well as the implementation and effectiveness of adap-

tation and mitigation measures (Kenney et al. 2014,

2016) have yet to be implemented, although some

groups such as the Urban Sustainability Director’s Net-

work (USDN) have developed guidelines for communi-

ties to design and implement indicators connected to

community adaptation objectives (USDN 2016). A na-

tional system could identify standardized categories of

indicators with options for local implementation and

customization, an approach that would facilitate aggre-

gation of information across different jurisdictions to

provide a composite picture of progress across the na-

tion (see section 7c). To ensure relevance and usability,

indicators should be developed together with practi-

tioners (Arnott et al. 2016).

3. A national climate information system

As discussed in the previous section, practitioners

are seeking knowledge and support for modifying codes,

updating regulations and policies, analyzing the financial

implications of climate change and solutions, communi-

cating with stakeholders, and monitoring and evaluating

results. Some communities and decision-makers do have

access to the resources needed to integrate climate

change information into their work. If they are fortunate,

they may also have financial and other capacities to im-

plement solutions that cut across multiple sectors or ob-

jectives. But in most cases, those who are attempting to

improve resilience to climate impacts and better manage

risks lack the resources to do so. In many jurisdictions,

climate issues must be given low priority, often due to

inadequate resources and capacity, including funding and

staff time. Most jurisdictions and potential users lack

knowledge of potentially useful climate information or

how to apply it. Also, competing tools and portals can

frustrate those who are aware of available resources be-

cause guidance for application is lacking.

Practitioners want definitive information on a number

of climate adaptation science issues. For example, what

are the most regionally robust sources of climate in-

formation for assessing specific hazards such as future

flood risks, potential for wildfires, recurrence of heat

waves, or persistence of drought conditions? How

should uncertainty associated with projections of dif-

ferent variables in different regions be taken into ac-

count? Can future impacts and avoided damages from

adaptation be incorporated in benefit–cost analyses?

Which approach to downscaling is appropriate for which

applications? What criteria can be used to evaluate pro-

posals for climate services from different providers?

A recent study by the Government 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 in-

formation efforts could be improved by establishing a

focused and accountable organization that assists in

providing authoritative data and needed technical as-

sistance (USGAO 2015). Key organizational and data

elements of an effective system include ‘‘(1) a focused

and accountable organization, (2) authoritative data

that define the best available information for decision

makers, and (3) technical assistance to help decision

makers access, translate, and use climate information

in planning’’ (USGAO 2015). GAO’s analysis reviews

options for providing climate information and techni-

cal assistance including establishment of a new federal

agency. They conclude that ‘‘a national system to provide

climate information to US decision makers could have

roles for federal and non-federal entities,’’ with the fed-

eral role focusing on providing authoritative data and

quality assurance guidelines and nonfederal partners

providing technical assistance and connecting decision-

makers and intermediaries.

Federal agency efforts during the Obama adminis-

tration to establish a national Climate Service under

NOAA to meet these needs did not receive congres-

sional approval for a variety of reasons. Private-sector

climate services are growing in importance as a source

of customized climate information on a fee-for-service

basis (although paying for these services is beyond the

means of many communities and users) and practitioners
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are increasingly collaborating with climate experts from

universities and research centers. What is still missing,

however, is an approach for identifying quality assurance

guidelines and authoritative data focused on decision-

making and a way to scale up the effectiveness of these

efforts.

4. A source of authoritative information:
Climate assessments

Assessments have strong potential to establish au-

thoritative information on how to use science in mak-

ing and implementing decisions. Assessments bring

together subject-matter experts and produce consensus

summaries of the state of the science and the degree

of certainty that the experts have in their conclusions.

‘‘Consensus’’ does not mean forced agreement; in cases

when participants cannot reach a shared conclusion,

they often produce an agreed description of competing

explanations and what additional research is needed to

reduce uncertainty. Well-known international scientific

assessments include the Intergovernmental Panel on

Climate Change (IPCC) reports and similar processes

focused on ozone depletion and biodiversity loss. IPCC

assessments have focused on knowledge about the cli-

mate system (e.g., IPCC 2013); impacts and adaptation,

including evaluations of adaptation effectiveness (e.g.,

IPCC 2014a,b); and mitigation (e.g., IPCC 2014c), as

well as a variety of special topics such as the implica-

tions of limiting the increase in global average surface

temperature to 1.58C (IPCC 2018).

In the United States, Congress placed responsibility

for conducting assessments of global environmental issues

such as climate change with the U.S. Global Change Re-

search Program (USGCRP), a consortium of 13 agencies

that coordinates federal research on climate and global

change. Four NCAs have been conducted since the pas-

sage of the Global Change Research Act of 1990

(Public L. No. 101-606, 104 Stat. 3096-3104 (1990);

https://www.gpo.gov/fdsys/pkg/STATUTE-104/pdf/

STATUTE-104-Pg3096.pdf). Volume 1 of the most re-

cent assessment report, NCA4, was released inNovember

2017 and covers the state of knowledge of climate

changes occurring and projected to occur in the United

States (USGCRP 2017a). Volume 2, released in November

2018, describes observed and potential impacts and re-

sponses in large regions and economic sectors (USGCRP

2018a). Over time, the NCA reports have become in-

creasingly comprehensive and focus on a wide range of

sectors, on large geographic regions, and on crosscutting

topics (see Fig. 1). A few states and small number of

cities/counties (limited to larger and wealthier jurisdic-

tions such as California and New York City) conduct

assessments for their own jurisdictions (Bedsworth et al.

2018; NPCC 2015).

For the most part, assessments have not undertaken

the challenge of assessing the ‘‘state of practice’’ in using

science, traditional knowledge, and other information to

manage climate risk—the challenge posed by theGAO in

its call for some part of the national climate information

system to provide authoritative data and methods to

support decisions. Moreover, to date there has been little

comparative evaluation of different applications to un-

derstand which are robust and can be transferred ap-

propriately from one setting or user group to another.

Authoritative and practice-tested information about how

to use climate science effectively in practical applications

could be the foundation for good practices, capacity

building, certification, and scaling up climate services

from the private and nonprofit sector to additional

communities.

One approach that could help shift the focus to ap-

plications of climate science is the establishment of a

sustained assessment process—in other words, a process

in which users and producers of assessments interact on

an ongoing basis, rather than just in the context of

developing a report. A 2013 report to the USGCRP

from the Federal Advisory Committee for the Third

National Climate Assessment Report recommended

establishing a sustained assessment process to ‘‘[e]nhance

the ability of decision-makers at multiple scales through-

out the United States to anticipate, mitigate, and adapt to

changes in the global environment’’ (Buizer et al. 2013).

The 2013 report recommended that theUSGCRPprovide

four critical elements for the sustained assessment pro-

cess: 1) establish enduring collaborative partnerships, 2)

FIG. 1. Contents of the Fourth National Climate Assessment,

Volume 2. Adapted from USGCRP (2018a).
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organize the scientific foundations for climate risk man-

agement, 3) provide coordinating infrastructure, and

4) develop clear priorities and a broad base of financial

and other resources. While the USGCRP’s strategic plan

for 2012–21 (USGCRP 2017b) incorporates the objective

of sustained assessment and the program established a

working group to support the process, the program

continues to focus primarily on assessing the state of

science in quadrennial and special reports.

The rest of this report discusses the IAC’s recommen-

dations for advancing the sustained assessment process.

5. Recommendation 1: Establish a civil-society-based
climate assessment consortium

The IAC recommends that national, subnational,

and private institutions join together to establish and

maintain a civil-society-based climate assessment con-

sortium that supports a dynamic assessment process in

which practitioners interact with researchers and re-

search agencies/centers, science intermediaries, pro-

fessional groups, and others to evaluate how to use

evolving knowledge to enhance pathways to adapt to

and mitigate climate change. The consortium will build

on the activities and results of many groups and organi-

zations to assess information needs; identify relevant

science and practitioner experience; evaluate alternative

methods and data for rigor and usability; develop tested

practices, tools, and other authoritative information; in-

crease the accessibility of actionable knowledge; con-

tribute to workforce development and capacity building;

and promote science and technology that supports cli-

mate risk management. A civil-society-based consortium

would complement and build upon—not replace—ongoing

federal science and assessment efforts.

The term ‘‘civil-society-based’’ is intended to convey an

expanded responsibility in governance and agenda setting

by nongovernmental institutions. This increased role is

essential to facilitate and support sustained dialogue, ele-

vate user perspectives, and thus enable a wider community

than is currently the case to shape, access, and use in-

formation that supports mitigation and adaptation. It does

not convey a substantive focus on topics of interest only to

nongovernmental organizations. Rather, the consortium

would address the needs and interests of governments

(particularly state/local/tribal jurisdictions which are tak-

ing on much of the burden of implementing adaptation

and mitigation measures) as well as those of civil society

(broadly defined as formal and informal organizations and

groups, including the business and economic sector).

The role of a consortiumwould be to facilitate thework

of participants and bring additional skill and expertise to

enable collaborative learning through the interactions of

practitioners and experts regarding specific applications

of climate information, place-based knowledge, and our

understanding of effective solutions. Its functions would

include articulating a common agenda and conducting

activities that support it. For now, the IAC calls this

structure a ‘‘climate assessment consortium,’’ but because

the concept is likely to evolve significantly in the coming

months and years, a different name may eventually be

more appropriate.

Specific objectives of a consortium could include

d helping to connect people and institutions who are

involved in producing and using global change science

(e.g., researchers, professional organizations, intermedi-

aries, and practitioners), including by fostering sustained

partnerships such as communities of practice (CoPs)

and other mechanisms built around specific chal-

lenges and areas of practice;
d using sustained partnerships to evaluate the rigor and

utility of tools, products, and activities that are in-

tended to inform practitioners, and to develop and

disseminate synthesis products such as good practices,

technical guidelines, application templates, indicators,

case studies, and other tools (assessing the ‘‘state of

practice’’ in applying climate science);
d promoting access to climate-relevant science and tools

to address adaptation and mitigation needs of high

salience to participants;
d synthesizing knowledge of effective collaborative ap-

proaches (e.g., coproduction) and reinforce organiza-

tions using this approach;
d establishing priority activities and products for collec-

tive efforts; and
d engaging with federal institutions and processes to in-

corporate federal science into applications and provide

feedback to federal and nonfederal research efforts on

practice-relevant gaps in science and practices.

In addition, a consortium could conduct or support as-

sessments on a limited basis as requested and funded,

support strategic planning and communication, and en-

courage education and workforce development activities.

The consortium could inform implementation of a

broad range of climate risk management strategies. In

principle, it would focus on topics where evaluating,

synthesizing, and integrating science could lead to sub-

stantial improvements in planning and enacting different

categories of policies and measures. Such a role could be

particularly important where there is an emerging

body of experience and information but important

uncertainties or inconsistencies in approach remain.

The topics selected for consortium projects and activi-

ties would be determined by its governance process (see

section 5c).
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Mitigation-related topics could include a variety of is-

sues associated with managing carbon in the environ-

ment. One illustration is the science underlying standards

for durable carbon offsets, and the related measurement,

reporting, and verification of mitigation commitments.

Another potential set of topics concerns how different

policies affect flows and stocks of carbon, for example,

national policies to reduce carbon intensity ofmanufacturing

leading to importation of carbon-intensive products from

overseas, or the flows of carbon across urban to rural

environments resulting from city governments’ commit-

ments to reduce emissions. Additional work could focus

on the environmental, social, and economic benefits of

managing different forms of carbon—including carbon in

plants and soil organic matter, and carbon contained in

different gases such as carbon dioxide and methane—to

identify which approaches are more effective. The re-

cently released Second State of the Carbon Cycle Report

(USGCRP 2018b) assesses the underlying carbon cycle

science but does not address such applied topics in depth.

Illustrative adaptation goals include science and

knowledge to improve approaches for preparing for overt

climate threats such as flooding and catastrophic wild-

fires; updating infrastructure for nonstationary condi-

tions; addressing social and environmental justice

considerations of climate change and response options;

creating opportunities for resilient economic growth;

and incorporating climate risk into planning and imple-

mentation (see more detailed discussion in section 6).

While the IAC has concluded that there are clear

benefits and an urgent need to augment federal science

and assessments, it is essential that the federal government

continue to research and assess the understanding of

the state of climate science through the USGCRP and

its ongoing National Climate Assessments. These fed-

eral efforts remain crucial to effectively address the

risks of climate change.

a. A ‘‘backbone organization’’ for existing networks
and organizations

The IAC recommends a consortium approach because a

large number of groups (toomany to name specifically) are

working together on an ongoing basis to apply climate in-

formation to adaptation and mitigation decisions and

actions. These include nonfederal government agencies

(state/local/tribal), NGOs (professional societies, think

tanks, civic groups, CBOs), research organizations (ac-

ademic centers, universities, regional science and as-

sessment hubs), and businesses (corporations and other

private companies). A consortium could function in

the role of a ‘‘backbone organization’’ by facilitating a

common agenda, shared measurement, mutually re-

inforcing activities, and communication with respect

to collaborative learning, access to authoritative knowl-

edge resources, and applications (Kania and Kramer

2011; Klempin 2016). It is anticipated that many in-

dependent initiatives at the state/local/tribal level and a

wide range of private sector and NGOs would choose to

be members of the consortium (see Fig. 2). In fact, it is

the enthusiasm of these existing networks, organizations,

and the individuals who populate them that gives us

confidence that the idea of a climate assessment con-

sortium is workable. A consortiummodel would support

the widely shared view among those with whom the IAC

FIG. 2. Conceptual structure of the climate assessment consortium and its relationship to the ongoing National

Climate Assessment.
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consulted that there is a significant need to scale up ca-

pacity to support reductions in greenhouse gas emissions,

preparedness for climate impacts, and resilience.

Coproduction is often central to these efforts and in-

cludes potential users as well as researchers in the pro-

duction of knowledge. It employs iterative processes and

promotes mutual learning and growth with the result

that all participants, not just knowledge users, evolve in

the ways they produce and use knowledge (Meadow

et al. 2015). There is a growing body of empirical evi-

dence that coproduction increases knowledge use and

allows for customization and tailoring to specific needs

of users. It also strengthens relationships and networks

and builds overall capacity for the production of usable

knowledge and decision-making (Voorberg et al. 2015).

Coproduction has gained traction in the last several years

(Meadow et al. 2015). As promising as coproduction is, it

is not a panacea, and additional work is required to un-

derstand effective practices (Lemos et al. 2018). Co-

production can have high transaction costs in terms of

time, money, and commitment that make it difficult to

scale up, although some of the challenges can be ad-

dressed (Lemos et al. 2014).

Additional strategies for supporting development

and application of customized approaches for decision

support also provide useful methods and lessons for

establishing a consortium. These include creating and

supporting structures such as problem-focused net-

works to enable users, scientists, professionals, and

other experts to work together; funding research to

meet specific needs; and creating boundary organiza-

tions that tailor, package, or supply different kinds of

knowledge.

The challenge is to work strategically to encourage

this ‘‘ground-up’’ activity to be more effectively articu-

lated and coordinated. Better coordination could create

the enduring partnerships called for in the concept of

sustained assessment, encourage collaborative learning,

and scale up practice-tested applications of climate ad-

aptation science. The consortium could contribute to

learning and development of tested practices by evalu-

ating sources of reliable, relevant, and actionable in-

formation. And it could develop resources to guide users

to tools and information appropriate for their situation.

In doing so, it would work closely with the diverse set of

subnational jurisdictions and civil society actors who

conduct research and develop applications. In fact, a

process that predominantly engages subnational and

civil society organizations may be better positioned than

federal agencies to sustain partnerships focused on ap-

plication of science because the participants would be

more closely involved in implementing the targeted

adaptation or mitigation measures.

b. Continued importance of a federal role

To help to advance scientific understanding and pro-

vide feedback on research needs, a consortium would

interact as closely as possible with the USGCRP and

federal mission and research activities. The need for a

blended or integrated approach with both federal and

nonfederal roles is clear, as noted in the GAO report

(USGAO 2015). 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. For

example, federal reports could continue to assess the

evolution of the state of understanding of future climate

conditions, observed impacts, and projections of vul-

nerability at regional and sectoral scales. To complement

the federal efforts, consortium-led applied assessments

could include convening CoPs around specific user-

defined challenges, producing a variety of related prod-

ucts, and providing inputs for future federal reports. It is

likely that the role of the federal government and that of

the consortium would change over time, and therefore

the structure and function of the consortium itself will

need to be flexible and resilient.

In addition to their role as major investors in funda-

mental physical and social science, federal agencies

also have management and regulatory responsibilities

in many economic sectors as well as in all regions of the

nation and have been developing methods and tools for

applying science to manage climate risk. Ongoing ini-

tiatives such as the U.S. Climate Resilience Toolkit

(CRT) would continue to be crucial components of

information dissemination and user support. The CRT

is a repository of assessment-relevant methods and

‘‘provides scientific tools, information, and expertise to

help people manage their climate-related risks and

opportunities, and improve their resilience to extreme

events’’ (U.S. Federal Government 2014). The con-

sortium can add value and leverage CRT and other

programs by building the complementary civil society

structure needed to incorporate tools and resources

developed by additional NGOs and provide evaluation

of effectiveness.

c. Leadership and structure of the climate
assessment consortium

An effective applied assessment process will need to

function in a dynamic environment in which the relative

contributions of federal and nonfederal components

fluctuate over time. Building capacity in civil society to
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organize and conduct assessments that support decision

processes is essential. As civil society’s contributions

continue to evolve, it will be necessary to revisit defini-

tions of the roles, responsibilities, and institutions

needed to manage partnerships between the federal and

nonfederal components of the assessment.

To establish the consortium, an organizing process will

be needed that engages prospective consortium partners

to establish a set of guiding principles, develop a business

plan including funding and staffing, evaluate organiza-

tional alternatives, and if necessary, incorporate a new

entity. As discussed above, many types of organizations

and individuals could wish to participate, but to keep this

initial process from becoming unwieldy and indecisive, an

informal group of conveners is meeting to set the stage

for more widespread engagement. Information on ini-

tial leadership and engagement opportunities are provided

at an interimwebsite (https://www.climateassessment.org/).

Among other matters, the convening process will

need to determine whether it is best to establish a formal

legal entity such as a nonprofit corporation [a 501(c)(3)]

or to pursue some other institutional form. For exam-

ple, an existing organization or confederation of groups

(such as one or more scientific societies or a center

based at a university) could house the consortium ad-

ministratively while allowing for programmatic au-

tonomy. Once an organization is established, its initial

governance would incorporate the outcomes of the con-

vening process as the basis for decisions on a series of

issues, activities, or outcomes, including

d establishing criteria for and conducting priority-setting

and strategic planning for the consortium’s activities;
d creating opportunities to gather input from current

and potential partners and interested communities

and institute decision-making processes;
d obtaining the staffing and tools to support participat-

ing networks, CoPs, and activities;
d creating a business model and funding to support co-

ordination and facilitation;
d setting engagement principles, incentives, and criteria

for participation;
d establishing peer review and quality assurance pro-

cedures to ensure rigor credibility; and
d building communication strategies.

Establishing peer review and quality assurance for con-

sortium products will be essential to maintain the high

standard of the current NCA process, which involves

review by authors, federal agencies, the White House,

the public, and the National Academies. One possible

nonfederal model to emulate is the process used by var-

ious professional societies to establish and publish prac-

tice standards, which also involves significant synthesis

of knowledge and engagement with experts and the

public. Another important issue is whether some type

of screening criteria may need to be applied prior to

formal engagement of organizations as climate assess-

ment consortium partners, or whether agreeing to a list

of principles will be sufficient. It is critical that the

consortium maintain high standards relative to trans-

parency and credibility of its processes and products.

However, building credibility cannot come at the expense

of timeliness; the consortium will need to address these

issues as it begins to provide actionable information

during its start-up phase.

d. Funding

The challenge of funding the work of a consortium and

its partners is a serious one. Resources will be required to

support the governance process, a coordinating secre-

tariat, and the specific activities and products of a

consortium. Initially, a consortium would depend on

contributions from visionary institutions, including state/

local/tribal entities, research groups and organizations,

private philanthropies, and others. Following this start-

up phase (expected to be three to five years), an ongoing,

successful applied assessment will require annual fund-

ing. The IAC believes a successful long-term business

model can include memberships of user communities,

project co-funding arrangements with existing centers

and organizations with relevant expertise, fee-for-service

assessments and other products, collaborations with fed-

eral agencies for extending application of federal science,

and project-specific support from philanthropies and

private sector firms. Ensuring transparency and lack of

conflicts of interest will be important for setting prior-

ities for consortium activities and conducting assessments,

especially if a funder (e.g., a climate services firm) is sub-

mitting results or tools to a consortium community of

practice or other process that evaluates scientific credi-

bility of different methods. A distributed fundingmodel,

transparency with respect to funding sources, and gov-

ernance procedures that prevent those with a financial

or other interest in a tool or data source from partici-

pating in its evaluation will prevent conflicts of interest

and skewing of priorities.

6. 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

should augment current federal NCA activities by assess-

ing the quality and effectiveness of information and tools

being applied to inform adaptation and mitigation. In this

report, the term ‘‘applied assessment’’ is used to describe
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this approach, which will be useful to build sustained

partnerships, synthesize tested practices in applying

climate science, develop definitive data and methods,

and provide feedback to the research community on

knowledge gaps. Specifically, the IAC recommends

d convening a technical committee to plan and imple-

ment pilot applied assessments and to scope options

for conducting them on an ongoing basis and
d developing collaborations with professional societies,

university-based research and application centers, re-

gional climate science organizations, and others to

conduct assessments focused on specific adaptation

and mitigation goals or challenges that evaluate in-

formation needs, assess the quality of available in-

formation, methods and tools, develop tested practices

and standards, and identify gaps and research needs.

The proposed consortium would coordinate these

assessments of the application of climate science to

address recurring challenges across state/local/tribal

jurisdictions of the United States. The mechanism and

context for conducting these applied assessments would

be a sustained and collaborative consensus process based

on principles for effective engagement and coproduction

(Lemos et al. 2012; Fujitani et al. 2017). Participants

would evaluate information needs as well as the scientific

validity and practical utility of different approaches for

meeting them. In the case of ongoing assessment activi-

ties, sustained partnerships would enable participants

to share experiences, evaluate the quality of the in-

formation and tools they are using to support adapta-

tion and mitigation actions, and determine the level of

confidence and uncertainty that should be attached to

that information. Table 1 summarizes how the applied

climate assessment proposed here would complement

and extend the current NCA process.

a. Sustained communities of practice

One model for sustaining these focused partnerships

is based on the concept of CoPs. As an illustration,

professional organizations such as American Society

of Civil Engineers (ASCE), the American Institute of

Architects, and the American Public Health Associa-

tion (APHA) are partnering with other organizations

and individuals, including climate scientists to pool

their expertise and develop practices, standards, codes

and other approaches for incorporating climate risk into

their areas of professional practice. These climate part-

nerships comprise groups of people who gain a greater

degree of knowledge of and expertise on a given topic

through their regular interaction and thus fulfill the

purpose of many CoPs (Probst and Borzillo 2008).

CoPs can facilitate sharing of practical knowledge

among individuals separated by geographic locations,

fields of expertise, and organizational structures. A caveat

to their use is that they can require considerable funding

and staff time to sustain, depending on their purpose.

This kind of sustained engagement is consistent with

the original intent of sustained assessment and can build

trust, generate understanding of the appropriate use of

knowledge, identify knowledge gaps, and generate addi-

tional knowledge and information. In an applied climate

assessment, CoPs could be structured to facilitate com-

munication among individuals from the different disci-

plines needed to

d build relationships, trust, and capacity;
d establish shared terminology and facilitate communication;
d find commonalities among information and support

needs across jurisdictions/locations in different parts

of the country where practitioners face similar chal-

lenges, albeit with different institutional, economic,

and other perspectives;
d identify practitioner-defined thresholds and parame-

ters to inform development of future assessment tools

and products as well as indicators;
d evaluate the rigor of different methods for meeting

information and support needs (e.g., different down-

scaling methods, methods for modeling flooding,

approaches for improved benefit–cost analysis);
d develop tested practices and methods, authoritative

datasets, and other resources;

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 produces 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

government with

inputs from science

community

Coordinated by a consortium of states,

local governments, tribes, and

scientific/technical groups (research

centers, professional societies,

NGOs, and CBOs) in collaboration

with federal government
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d document results and improve collection of data and

information for evaluation;
d disseminate and share resources; and
d identify and fill gaps in knowledge and research needs.

b. A focus on practical challenges faced by
practitioners

A key issue is how to organize or group adaptation and

mitigation activities for the purposes of establishing CoPs

and other mechanisms for assessing applied climate sci-

ence. There are a number of typologies of ‘‘adaptation

activities’’ (e.g., Biagini et al. 2014) that are both com-

plex and comprehensive that could serve as a founda-

tion. These include activities that protect tangible assets

(infrastructure, ecosystems) and community attributes

(economic vitality, diversity), as well as enabling activ-

ities such as capacity building and warning systems.

Based on its engagement with practitioner groups,

the IAC believes one approach that could be tested

would be to focus on the practical challenges that multi-

ple communities and jurisdictions across the country or a

region are facing. Prioritizing challenges that recur in

multiple locations would open the possibility of struc-

tured comparative analysis of how groups in these dif-

ferent places are developing information to support

decision-making and implementation. More impor-

tantly, such a focus would provide practical benefits

to a large number of practitioners. Examples of these

objectives include

d managing catastrophic wildfire risk;
d reducing impacts of increasingly severe inland

flooding;
d managing risks from sea level rise, storm surge, and

subsidence;
d planning public health interventions for more severe

heat waves and/or changing disease vectors;
d modernizing infrastructure to mediate changing return

periods and magnitudes of future climate hazards;
d planning economic development using evaluation of

impacts of climate change and response measures;
d siting public or private facilities considering the chang-

ing potential for flooding, coastal storm surge, or other

events;
d sustaining safe water supply given changing timing/

patterns of precipitation;
d conserving ecosystems and biodiversity by anticipat-

ing needed changes in management or location of

reserves capable of sustaining threatened or endan-

gered species;
d ensuring food security;
d preparing for internal displacement and permanent

migration; and

d managing the effects of cascading impacts within and

across impacted sectors.

c. A template for analysis: Stages of project
implementation

Because practitioners indicate that a common chal-

lenge is that action plans are stalling at the implementa-

tion stage, the IAC explored structuring the content of

applied assessments around information needed and used

at the different stages of a project implementation life

cycle. In cases where uncertainty is considerable, project

implementation is often structured as an iterative adap-

tive learning process (see Moss et al. 2014).

Figure 3 provides a stylized depiction of the stages

that a practitioner might go through in implementing an

adaptation or mitigation project. In practice, the stages

may unfold in a different order and blend together. The

point of the figure is not to describe a sequence of steps

as experienced in any particular decision, but to sys-

tematically identify the different methods and types of

information needed to frame problems, design options,

make a decision, obtain financing, facilitate action through

compliance with codes and standards, and complete other

implementation steps. The text boxes that ring the figure

provide example topics that the applied assessment would

explore with the objective of identifying tested prac-

tices and methods that practitioners facing similar cli-

mate challenges could start from and adapt to their own

circumstances. By focusing this analysis on a specific

objective or challenge as described in the preceding

section, this assessment could be as detailed as needed

to evaluate rigor and suitability of specific types of

downscaling, modeling, decision-support tools, and

other resources needed.

Possible sources of data and knowledge for these as-

sessments include the experience of practitioners (re-

lated to practical matters such as planning, permitting,

updating codes and standards, budgeting, etc.), results

from ongoing projects, and information from case studies of

how different jurisdictions or groups have sourced and used

climate knowledge for a given adaptation or mitigation ac-

tion. An assessment focused on different groups of practi-

tioner challenges would be an efficient way to gather and

synthesize lessons learned in order to scale up information

services (including private and public sector climate services)

and identify areas where innovation and additional research

are required because needs are still mostly unmet.

For example, Table 2 illustrates the potential for

comparative analysis of methods used in different

communities to assess the rigor of each step in a chain of

models or evidence required to evaluate how differ-

ent combinations of stressors could affect stormwater
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infrastructure. The point of this examination is not to

critique individual tools but rather to pool knowledge

and experience of applying climate-relevant science to

establish good or ‘‘better’’ practices, specify the contexts

and conditions under which they perform well, and

identify research needs. In addition to technical analysis

of specific impact assessment methods, the assessment

could highlight and assess different methods and aspects

of adaptation science, including risk assessment, risk

communication, risk perception, and risk management in

supporting climate-related decisions (Moss et al. 2013).

d. Building a problem-focused national network

The proposed climate assessment consortium will

facilitate an applied assessment process by piloting a

variety of approaches based on sustained dialogue and

communication, sharing of experience and information,

and rigorous assessment of competing methods for pro-

viding climate information. These processes will produce

information based on tested, authoritative practices ap-

propriate for the participants that would also be exten-

sible and provide support to others. The pilot assessments

would also be a venue for information sharing and ca-

pacity building. Beginning with a small number of pilot

projects, the consortium would analyze the effectiveness

of its own efforts, develop a workable approach, and es-

tablish additional CoPs and/or other processes for dif-

ferent goals or problems, depending on the interest of

partners and availability of funding. Over time, this

would lead to a distributed, sustained national effort that

would encompass a network of networks focused on an

array of high-priority adaptation andmitigation challenges.

e. Limits and caveats

In attempting to use the assessment process to scale

up support for adaptation and mitigation, the IAC ac-

knowledges the need to determine when and where

information needs for adaptation can be aggregated

and streamlined, and when standardization is not

desirable and can even be potentially dangerous. One

example is the trade-off between simplification and

complexity of contexts in which standardization may

do more harm than good, as when tools that are not fit-

for-purpose are applied and lead to poor decisions. The

applied climate assessment must be an adaptive orga-

nization that works to optimize its own utility while it

experiments with additional strategies to build capacity

for customized processes and products.

7. Recommendation 3: Advance methods for
climate risk management

One of the roles suggested for a sustained climate

assessment process in Preparing the Nation for Change

(Buizer et al. 2013) is to support development of

methods for climate risk management. The IAC’s third

recommendation identifies six opportunities that address

specific needs or take advantage of promising methods

FIG. 3. Identifying and assessing climate knowledge needed to support steps in implementing adaptation and

mitigation options. This figure 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. The figure does not represent a literal

process but rather typical stages through which a practitioner is likely to have to step.
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and technologies. These are opportunities to evaluate

climate information in the context in which it used; im-

prove methods to appraise adaptation and mitigation

options; advance climate indicator systems; harness arti-

ficial intelligence; apply citizen and community science;

and use geospatial analysis methods to assess intersecting

climate, environmental, and socioeconomic trends. For each

opportunity, we describe example applications and recom-

mend next steps based on an evaluation of the current state

of deployment, opportunities or obstacles, and the potential

contributions of academia, the private sector, and govern-

ment. We encourage groups working in these areas to use

these ideas in their own work to accelerate innovation and

adoption in climate risk management.

a. 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. While po-

tentially of great value to practitioners, these various

observational datasets and suites of model projections

often appear to provide conflicting information or are

inappropriate for the particular spatial scale, geographic

location, time frame, or phenomena of interest for a

given application (National Research Council 2012;

USGCRP 2017a). By contrast, many locales do not have

much or even any geographically specific, relevant data

available and thus depend on generalized information

for a region or sector (or even the nation as a whole).

How can practitioners choose the information that ismost

suitable for their particular needs from themany available

resources? To what degree does the range of available

information characterize or acknowledge legitimate sci-

entific uncertainty and to what degree can some in-

formation be deemed of higher or lower credibility for a

given application? This problem has been coined the

‘‘practitioner’s dilemma’’ (Barsugli et al. 2013).

The fundamental mismatch of scales between global

climate model (GCM) projections and the information

needs of many adaptation practitioners has led to a

proliferation of technical methods for translating GCM

information from coarser- to finer-scale resolution.While

intended to meet practitioner needs, these methods have

historically been developed with limited or no collabo-

ration with the end user. While many aspects of climate

model performance improve with increased resolution,

high resolution does not guarantee that local-scale or

regional-scale climate features are accurately represented

(National Research Council 2012; CSIWG 2018). Thus,

it is particularly important to evaluate GCMs and the

TABLE 2. Assessing different approaches for applying science to inform adaptation and mitigation actions. The table is based on case-

study examples from the American Geophysical Union’s Thriving Earth Exchange (https://thrivingearthexchange.org/projects/) and

demonstrates how various strategies to assess impacts and risks adopted by different communities could be compared. Column 1 describes

the shared objective of planning resilient stormwater infrastructure and identifies communities where it is being pursued; column 2

illustrates potential information needs; and column 3 highlights opportunities for participants to share experience and methods, learn

collaboratively, evaluate different methods and data for rigor and effectiveness, and eventually establish tested practices.

Examples of practitioner adaptation

objectives Examples of recurring information needs

Examples of technical assessment of

applied science

Plan climate-resilient stormwater

infrastructure

1 Chicago, Illinois: Identify a fundable

strategy to reduce basement flooding

1 Connellsville, Pennsylvania: Assess

flooding for community development

1 De Soto, Missouri: Manage flooding

for preparedness and revitalization

1 Northern Virginia: Plan climate-

resilient stormwater infrastructure for a

growing region

1. Project future vulnerability to flooding

under climate and growth scenarios

1.1 Assess data quality and methods for

correlating observed rainfall and

flooding locations

1.2 Assess approaches for projecting

rainfall patterns and probability of flood

threshold exceedance

1.3 Assess methods for integrating

population projections and

development scenarios to project

change in extent of impervious surfaces

2. Evaluate benefits of different

stormwater infrastructure management

approaches (e.g., green vs gray

infrastructure)

2.1Assess use of benefit–costmethods and

other approaches for appraising green

and gray infrastructure options

2.2 Assess use of GIS-based modeling

methods to evaluate green vs gray

infrastructure options

3. Design and implement stormwater

infrastructure projects

3.1 Assess information and process needs

for mainstreaming information about

climate risk in the design of stormwater

infrastructure components and

measures to promote implementation
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various methods of producing finer-scale climate in-

formation in the context of particular adaptation chal-

lenges to determine how fit the information is for planning

and decision-making. This type of evaluation, which in-

cludes characterizing uncertainties in a decision-relevant

manner, is critical but presents substantial scientific and

technical challenges that have only recently begun to be

addressed (Shepherd et al. 2018; Hackenbruch et al. 2017;

CADWR 2015). Also, while model-evaluation research

efforts to date have been important for advancing climate

science, most of this work has not been leveraged to

advance climate adaptation. There has not been suffi-

cient coordination, synthesis, translation, dissemina-

tion, or discussion of the results for users trying tomake

informed decisions about what climate information

and which analysis methods may be fit for particular

adaptation challenges. The IAC recommends

d developing approaches for producing and evaluat-

ing climate science for applications that involve close

coordination between scientific and user communities;
d establishing a trusted and reliable process for pro-

viding ongoing guidance to the climate information

user community regarding which means of producing

climate information are suited to which kinds of

adaptation challenges;
d convening a multi-institutional and multidisciplin-

ary technical committee to identify good practices,

high-priority research gaps, standards for evaluat-

ing progress, and measures for promoting effective

scientist–practitioner engagement; and
d training and certifying a new generation of scientific and

technical experts capable of effectively and ethically

applying climate science in support of decision-making.

b. Assess methods for appraising adaptation and
mitigation options and making decisions

Those planning and seeking financing for climate ad-

aptation andmitigation actions often choose to use—or in

some cases are compelled by decision-making constitu-

encies to use—benefit–cost analysis (BCA) to evaluate

whether a proposal’s overall benefits are greater than its

costs. Some tools andmethods derived from the literature

on the national-scale costs of inaction (see chapter 29 in

USGCRP 2018a) can be applied at the project scale with

modifications [e.g., Neumann et al. (2015) and other rel-

evant literature on coastal risks in Moser et al. (2014)].

Adaptation investment planning in international devel-

opment has also applied BCA frameworks to project-

level adaptation planning, and this work includes some

creative lessons for dealing with benefit categories that

are potentially unquantifiable but known to be important

(e.g., Cervigni et al. 2017; Ahouissoussi et al. 2014).

As discussed in section 2, unquantifiable benefits and

costs rightfully frustrate practitioners and undermine

confidence that BCA calculations are well suited to

analyses of climate change measures. BCAs generally

fail to consider all relevant costs and benefits, such as the

implications for groups that may be affected but whose

perspectives and interests are not incorporated into the

analysis; effects on nearby communities or groups that

can be positively or negatively affected; life cycle cost

and benefits; or many intangible as yet unestimated costs

and benefits to complex human–environment systems

such as climate/economic interactions [limitations are

noted explicitly inHsiang et al. (2017), Chambwera et al.

(2014), and Hunt and Watkiss (2011)]. Moreover, BCA

is challenged by uncertainty, attitudes toward risk

(especially regarding irreversible damages), questions

about discount rates and time preference, and longer-

than-usual time horizons. As a result, the conclusions of

BCA frequently do not reflect the full picture of the

implications of proposed measures. Perhaps, at best,

they produce suggestive ‘‘first cut’’ insights into narrowly

defined net benefits calibrated exclusively in currency—

metrics that are useful in the context of additional mea-

sures of benefits and costs but are likely to be incomplete.

In some cases, this level of analysis usefully guides iter-

ative risk management, as it has for the example of pro-

tection of Boston’s coastline through alternative modes

of coastline hardening (Kirshen et al. 2018).

Meanwhile, uncertainty about how to use the full

range of future climate projections, including the tails of

distributions of future outcomes, has led to an interest in

alternative risk-based decision-analysis frameworks for

adaptation, such as robust decision-making (Hallegatte

et al. 2012), multicriteria analyses, or qualitative risk

matrix calibrations when data are scarce. It follows that

greater attention must be paid to evaluating applied

assessment processes to the full range of decision ana-

lytic methods suited to different applications.

Building on insights from experience, available stud-

ies, methods, and guidance documents on applying BCA

methods to project-scale analysis of adaptation and

mitigation options, the IAC recommends

d assessing currently available tools and approaches and

how they can be applied to support diverse adaptation

decisions and actions in a special report and related

guidance and training materials;
d disseminating tools and knowledge, for example, pro-

viding online access to spreadsheet tools, available

climate scenarios for mitigation pathways and other

relevant data, and self-guided training tools; and
d providing feedback to the research community, tool de-

velopers, and grant-making agencies and foundations
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about gaps in knowledge or capabilities 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.

c. Foster collaboration of local and national
indicator initiatives

Interest in using indicators to inform climate-related

decisions has increased at many levels of government

(NPCC 2010, 2015; Kenney et al. 2014; National

Academies of Sciences, Engineering, and Medicine

2016; NYC Office of the Mayor 2018; USDN 2016).

Indicators are seen as critical to supporting mitigation

and adaptation planning and to evaluate the effective-

ness of climate-related actions, particularly at the local

level. To advance the usefulness of indicators across

multiple scales of governance, we propose to identify

and integrate indicators across geographic scales and

governance contexts, using urban infrastructure in-

dicators as a possible test case.

The interest in locally driven indicator systems fol-

lows on efforts to establish a National Climate In-

dicators System (NCIS) that evolved from the Third

National Climate Assessment, based on recommen-

dations from the National Research Council and others

(e.g., Janetos et al. 2012; Buizer et al. 2013; Kenney

et al. 2014, 2016). The goal of the NCIS was to provide a

method to detect the status, rates, and trends of envi-

ronmental and socioeconomic variables to support ef-

fective climate changemitigation and adaptationmeasures

and inform research, education, and management de-

cisions. The proposal for implementing the NCIS was to

pilot a subset of nationally relevant indicators first, then

follow up with a larger set, refining and adding indicators

where necessary (Kenney et al. 2014). Efforts to develop

climate indicators and apply them have become wide-

spread, and the need for such indicators is only growing as

investors and other decision-makers seek to understand

the effectiveness of potential interventions. In one prom-

inent example at the local level, the USDN supported

establishing indicator systems to track condition, vul-

nerability, and adaptation effectiveness by publishing a

process for developing locally specific adaptation indicators

aligned with key planning goals (USDN 2016). Other rel-

evant initiatives also provide a foundation for collaborative

learning (e.g.,U.S. Environmental ProtectionAgency 2016,

2017; STAR Communities 2019; ND-GAIN 2019).

To support these applications, research is needed to de-

termine what indicators are useful to local communities

for aiding adaptation and to explore whether these in-

dicators can be scaled up (aggregated) to provide useful

information to support national-scale assessments and

decision-making. At the local level, capacity and re-

sourcesmay determine the number and kind of indicators

selected. Smaller, more resource-constrained commu-

nities may seek to limit the number selected based on

their highest priorities, or they may decide not to use

them at all due to insufficient capacity to establish and

track the indicators over time. Research could evaluate

local capacity for developing and using indicators,

depending on city/community size and other factors,

and how that affects the number and type of indicators

prioritized and selected, as well as their ultimate use-

fulness for supporting adaptation decisions. Likewise,

research would help to determine the usefulness of

national-scale indicators (e.g., from the NCIS) for

providing information on vulnerability and adaptation

effectiveness at local and regional scales (Arnott et al.

2016). This scalability of indicators is described in

Kenney et al. (2016). The assessment process could also

play a role in supporting data collection and aggrega-

tion, once useful indicators are identified. Methods for

evaluating the scalability of the indicators need to be

developed.

The IAC recommends using the applied assessment

process to examine the need for and use of locally de-

veloped indicators, and to identify potential convergence

between national-scale and local- to regional-scale in-

dicators that could shape the future direction of the

NCIS. One option is to focus on urban infrastructure

indicators as an initial test case, given their widespread

relevance and potential for application, as noted above.

This pilot activity could include

d taking stock of existing climate indicator efforts for

urban contexts to evaluate current applications and

outcomes, capacity requirements, lessons learned,

constraints and opportunities, what indicators are

important but missing, and other questions;
d extending ongoing work on indicators and partner

with local communities of varying sizes and contexts to

establish a shared framework for further research and

assessment;
d conducting pilot urban infrastructure indicator studies

using the shared framework, focusing on feasibility,

applicability, and potential for integration across

local, regional, and national scales; and
d analyzing 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 with the objective

of linking and integrating local, regional, and national
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scale indicators and supporting their transferability to

different areas across different scales, to the extent

feasible.

d. Accelerate the use of artificial intelligence to
support climate resilience building

Artificial intelligence (AI) offers opportunities to change

how society responds to climate risks. Subdisciplines of

AI, such as machine learning (ML) and robotics, have

already been applied in climate science and engineering,

and their early success suggests there is tremendous po-

tential for AI to improve resilience to climate change. As

cities, social systems, and infrastructures grow more

complex, and as climates continues to change, AI can

reveal impacts, insights, and options that would be

difficult to otherwise discover (Ganguly et al. 2018).

Recent advances have touched three broad areas of

climate: Earth-systems science and modeling (Rasp

et al. 2018), assessment and management of risks and

adaptation (Chavez et al. 2015), and mitigation (Mascaro

et al. 2014). Climate resilience can benefit from domain-

specific AI breakthroughs (e.g., disaster robots; Spenko

et al. 2018) that may not be immediately recognizable as

tools for climate adaptation. But potential risks and

challenges—including 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’’ in-

teractions and environments—will need to be thought-

fully explored and addressed, including development of

ethical principles to undergird development and adoption

of AI applications (Floridi et al. 2018).

The ability of ML to make a difference in recent years

has been motivated by a mix of computing power, novel

algorithms, and perhaps most important, the availability

of unprecedented and increasing volumes of heteroge-

neous data. In climate science, ‘‘big data’’ come from

satellite remote sensors and large-scale numerical models

and are often owned by government agencies or labora-

tories and openly shared. Adaptation-specific data, such

as those for critical infrastructures and key resources,may

be spread across government agencies as well as public

and private sectors, often with privacy or security con-

cerns. While academia has spawned innovative AI start-

ups, partnerships with the private and public sectors (and

government laboratories and agencies) may have signif-

icant roles to play in developing, nurturing, and sustaining

wider application of AI in adaptation and mitigation.

Research inAI is only beginning to get translated to real-

world applications, which in turn are becoming more

prominent as tools for community and regional resilience.

This emergence is likely to have profound implications

for our ability to improve translational climate science,

manage climate risks, and inform mitigation policy.

However, it is important to continually assess where AI

tools are most effective, practical, and sustainable, and

where and why gaps remain unfilled. The IAC identifies a

number of opportunities for the applied assessment

process:

d convening and developing partnerships that include

academia, the private and public sectors, and other

groups to map and support the key integrators of

technical, application, and data science that are

related to climate risk management;
d assessing actual usage in decision contexts by conducting

a thorough evaluation of the current applications, risks,

and opportunities for AI in climate adaptation, in-

cluding the perspective of practitioners and citizens;
d identifying applications that can be conducted in a

test-bed mode to provide the greatest advancement in

shared, scalable, actionable information; and
d preparing a special report, potentially produced jointly

with the federal NCA process, to synthesize knowl-

edge and identify productive frontiers for further

development and deployment of AI in climate risk

management.

e. Launch a rigorous citizen and community science
initiative to improve data on impacts and responses

The term ‘‘citizen and community science’’ describes

the wide range of ways that people who are not trained

as scientists can participate in science processes—from

collecting data to co-designing applied research projects

that advance local priorities. For example, the long-

running Community Collaborative Rain, Hail and Snow

Network (CoCoRaHS) draws on over 20 000 volunteers

across North America to collect precipitation data to

fill in known data gaps, while participants in the USA

National Phenology Network who track the phenology

of plants and animals in their localities help scientists

assess and predict impacts of a changing climate on

thousands of species. Other community science pro-

jects focus on evaluating and informing strategies to

reduce exposure to climate impacts such as flooding in

New Orleans or urban heat in New York City. With

their diversity and focus on real-world problems, citi-

zen and community science programs are particularly

promising for applying climate science to climate ad-

aptation and mitigation. The NCA3 report (Melillo

et al. 2014) noted that ‘‘There are opportunities to take

advantage of citizen science observations . . . for data-

poor regions, focusing on inadequately documented

socioeconomic, ecological, and health-related fac-

tors, and under-observed regional and sectoral data.’’
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A recent report also suggests that citizen science can be

‘‘a pathway for introducing new processes, observations,

data, and epistemologies to science,’’ including climate

science (National Academies of Sciences, Engineering,

and Medicine 2018).

Despite this potential, citizen and community sci-

ence is currently underused in climate science and as-

sessment. Increasing its use could help to fill many

long-standing data gaps related to local climate ex-

tremes and conditions; the impacts of these events on

the environment, infrastructure, and communities; and

needs for different types of adaptation measures. A

particular opportunity is to document and improve

understanding of the interactions of climate change

with preexisting challenges such as poor air and water

quality, exposure to toxic industrial by-products, lack

of access to resources for coping and adapting, and

other historical problems. Benefits of citizen science

projects can include improving observational data-

sets, informing model development, building aware-

ness within communities of how climate change is

affecting them, supporting co-creation of solutions,

contributing to monitoring of results in an efficient

manner, and deepening and expanding public en-

gagement with climate science and solutions.

It is for these reasons that the IAC recommends that

the applied assessment coordinate with citizen science

groups and programs to expand the use of citizen science

in the sustained assessment process, prioritizing un-

derserved regions and communities where data gaps are

most severe. It is essential to co-design projects in a way

that encourages broad engagement (especially in areas

where economic constraints, lack of opportunity, or

cultural differences create barriers for some partici-

pants), advances climate resilience, and delivers ro-

bust data and tangible benefits. A variety of near-term

initiatives would support this broad effort:

d assess current usage of citizen and community science

in climate adaptation and mitigation;
d develop standards and protocols to ensure rigor and

consistency in data collection, including harnessing

emerging technologies such as AI;
d identify ways that citizen and community science

provide local contextualization to supplement climate

projections and models;
d adapt the participatory methods of citizen and com-

munity science to enable climate research to inform

community participation in climate policy debates;
d use citizen and community science to better connect

climate research to the short-and long-term priori-

ties of historically underserved, marginalized, or op-

pressed communities.

f. Facilitate use of geospatial analysis

Geospatial analysis, 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 communi-

ties) as well as to explore the effectiveness and impli-

cations of adaptation options (e.g., trade-offs across

ecosystem- and infrastructure-based approaches to flood

control). GIS methods are particularly useful for inte-

grating climate data (both observations and projections)

with socioeconomic and environmental data on factors

that affect vulnerability and risk. Technological innova-

tion 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. Planners and engineers are moving

beyond ‘‘response and recovery’’ to applications that

build resilience. Sustainability officers, planners, fi-

nancial analysts, and other employees are bridging the

gaps between different city departments and im-

plementing projects to build resilience. Communities

are integrating their quantitative resilience assess-

ments into their comprehensive plans, emergency

management plans, and sustainability plans.

Better and more accessible tools to map and integrate

data bring with them some potential pitfalls. One is that

there is significant potential to overlay data that appear

to be connected but on closer analysis are not. It is also

possible to mistakenly use data that have not been

properly assessed as fit for a particular purpose. For

example, while model data can be downscaled to a very

high resolution, the resulting maps are usually not ac-

curate or robust, even though they can look very com-

pelling. There are also issues of access: large cities, such

as New York, Miami, and Los Angeles, have built ca-

pacity to develop applications and conduct their own

analyses, and medium-sized cities are partnering with

local universities, nonprofits, and firms. But small cities,

historically disadvantaged communities, and many rural

areas usually lack financial resources, capacity, or data

needed to access these tools.

The IAC recommends accelerating efforts to assess

different methods and applications for integrating cli-

mate, socioeconomic, and environmental data for assess-

ing vulnerability. Developing tested practices on how to

apply these tools in a variety of specific settings would be

particularly useful. Specific opportunities include

d facilitating ongoing public–private partnerships with

regional climate centers and adaptation professional

groups that are convening communities of practice

around specific mapping approaches using weather
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and climate data, including the use of climate in-

dicators and future climate projections;
d collaborating with ongoing efforts such as the CRT

(which provides scientific expertise, tools, and infor-

mation) to develop and apply a rigorous framework

to assess practices and methods for applying geo-

spatial data and tools to specific problems, building

on learning and evaluation opportunities provided by

the explosion of case studies and applications; and
d prioritizing capacity building and access to local

climate assessments for small, historically disadvan-

taged, and rural communities.

8. Closing thoughts and next steps

The Federal Advisory Committee on the Sustained

National Climate Assessment was originally charged to

provide advice to federal agencies on how to accelerate

progress in establishing a ‘‘sustained climate assessment’’

process. While continuing this work as an independent

group, the IAC concluded that meeting the challenge of

climate change risk management required broadening

the scope of assessments and engaging with a wider range

of actors beyond the federal agencies. The IAC has

identified a very ambitious agenda of initiatives that it

believes can advance a sustained assessment and in-

crease the application of climate science and knowl-

edge by practitioners. The central strategy of that

agenda is establishing a new and more inclusive as-

sessment consortium. This approach is recommended

for a variety of reasons, including the fact that the

federal government alone cannot prepare the nation

for change, and there is a need to accelerate progress by

synthesizing and sharing the lessons currently being

learned both inside and outside the federal government.

This will require establishing sustained partnerships for

knowledge production and application. Defining a more

organized role for civil society cannot replace the crucial

contributions of federal institutions; most of the science

that the nation needs will continue to come from ongoing

federal research investments, even as support for re-

search and assessments diversifies. Thus, the IAC urges a

range of partners to join forces to address climate adap-

tation and mitigation issues, including the USGCRP and

other federal programs and agencies, as well as the many

nonfederal groups working in this area.

The proposed civil-society-based consortium would

build on and augment federal climate assessments by

synthesizing and evaluating knowledge, generated through

multiple ways of knowing and learning, accessing the ex-

perience of on-the-ground practitioners, and developing

new products to meet the needs of decision-makers

across the nation. The consortium would expand the

scientific foundations for risk management beyond the

investments made in previous assessments. It would

also enable its members to address other shared chal-

lenges and opportunities, including communication,

engagement, and capacity building.

The successful establishment of a consortium and

implementation of the ideas in this report will be a

turning point for addressing the risks of climate change.

These efforts can be a model for collaboration and will

support the necessary actions that must be taken to

build a culture of preparation and resilience in the face

of a changing climate.
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