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ABSTRACT

Despite numerous and widespread calls for more ‘‘useful’’ climate-science information to inform policy,

most climate science is still produced in a way that is consistent with the ‘‘linearmodel’’ of research that favors

pure basic research over other approaches, resulting in missed opportunities to link useful climate science

with decision makers. To improve the ability to adapt to a changing climate, it is necessary to improve the

linkages between the production and supply of climate-science information with users’ needs to ensure that

the climate science is contextual, credible, trusted, and understood by the users. This paper reports on re-

search that evaluated how three Regional Integrated Sciences and Assessments (RISA) programs produced

useful climate information for improved decision support in a variety of sectors. Research indicates that these

organizations utilized several processes and approaches to produce useful climate information, including

identifying users’ information needs; translating, communicating, and sharing knowledge; producing and

situating social capital; building capacity in the user community to understand and utilize the climate-science

information; and maintaining a flexible and nimble organization guided by strong leadership. The process of

linking the production and supply of climate-science information with users’ demands is a complex, highly

contextual social process that requires ample resources and timemanagement, research agendas that are ‘‘end

to end’’ and can respond to changing contexts, and organizational commitment to support ‘‘use-inspired’’

research. Additional research is needed to improve evaluation methods and metrics used to assess climate-

service organizations.

1. Introduction

Scientists have declared with widespread consensus

that our global climate is changing, getting warmer, and

causing widespread perturbations in ecosystems around

the world (Alley et al. 2007). The impacts of climate

variability and change vary widely by geographic, tem-

poral, economic, social, and cultural scales (Alley et al.

2007), and responding to such variability requires policy

options that expand alternatives and clarify choices for

decisionmakers at the relevant scale and context (Pielke

2007; McNie et al. 2007). Our current efforts in pro-

ducing useful information to address climate adapta-

tion and other coupled human–environmental problems

are inadequate, and we need to improve our abilities

to produce useful information for decision support

(NRC 2012, 2009a,b, 2007a,b, 2005a,b, 1999; CCSP

2008; Committee on Science 2002; Mayden 2002;

Ehlers 1998).

At present, producing more useful information often

involves increasing research funding and producing

more of the same kind of information, thus increasing

the overall supply of information. Yet rarely does this

unilateral supply-side push result in more useful infor-

mation, and it often lacks any relevance to what users

actually need (Lahsen and Nobre 2007; Sarewitz and

Pielke 2007; Dilling and Lemos 2011), or they may be

unaware of potentially useful information that is already

available in the public domain (NRC 1999; Stone et al.

2001; NRC 2007b, 2009b). Even when researchers strive

to produce information that users need—and have the

ability to produce it—significant barriers remain, effec-

tively blocking the ability to link the supply of scientific

information with users’ demands. Barriers include cul-

tural differences between science and society (e.g., com-

munication styles, epistemologies, delays between when

science is produced versus when it is needed by users),
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policies that favor ‘‘pure basic research’’ over ‘‘use-inspired

research’’ (Stokes 1997), political and power asymme-

tries between scientists and users (Escobar 1994), dif-

ferences in what constitutes expertise, and other barriers

(McNie 2007).

Understanding how to provide effective decision

support for climate adaptation remains a key goal in

global climate-change research (NRC 2012, 2010;

National Climate Assessment 2011; NRC 2009b; Alley

et al. 2007). Many gaps in our knowledge and under-

standing of use-inspired climate research and how it

informs policy decisions remain including under-

standing the formal and informal linkages between

scientists and decision makers necessary to enhance in-

formation utility (NRC 2005b; McNie et al. 2007) and

how scientists and researchers decide what use-inspired

research to undertake (Pyke et al. 2007).

This paper presents one element of a multifaceted

research project called Science Policy Assessment and

Research on Climate that was funded as a Decision

Making Under Uncertainty program sponsored by the

National Science Foundation. Broadly construed, this

research examined how scientists and researchers pri-

oritized research agendas, engaged with stakeholders,

packaged or promoted climate-science information, sup-

ported stakeholder decision making, ensured decision

makers understood and could integrate the information

into existing decision frameworks, and evaluated the re-

searchers’ own efforts to produce useful information for

decision support. Based on these overarching themes, this

paper identifies specific processes and approaches uti-

lized by climate-service organizations to produce useful

information for decision support.

a. Methodology

This project examined programsmanaged through the

Climate Program Office (CPO) of the National Oce-

anic and Atmospheric Administration (NOAA) called

the Regional Integrated Sciences and Assessments

(RISA) programs. The aim of the program is to provide

integrated scientific assessments for place-based decision

support related to climate variability for a variety of users

and decision makers (henceforth called ‘‘stakeholders’’)

who work in areas of water management, public health,

fisheries, hydropower production, forestry, natural haz-

ards, agriculture, natural resources management, and

other areas. RISA research involves a variety of disci-

plines including climate, terrestrial ecosystem, hydro-

logical, agricultural, civil engineering, economic, and

human dimensions research undertaken by scientists

and researchers (henceforth called ‘‘members’’). Every

RISA program shares the aforementioned goals, yet

each was designed individually with its own set of

priorities, research agendas, and stakeholders. Study-

ing RISA programs offer ample opportunities to con-

duct robust case and cross-case comparisons between

programs given similar institutional constraints but

different context-sensitive approaches to fulfilling the

RISA mission.

This research utilized a small-n, controlled-case com-

parison approach in which dependent variables between

cases are homogeneous (George and Bennett 2005)—

that is, whether RISA members produced climate sci-

ence information that stakeholders found useful. Uti-

lizing process-tracing techniques in a small-n study has

obvious advantages in that the findingsmapped out ‘‘the

pathways linking the independent variables to the de-

pendent variable’’ (Sambanis 2004, p. 263) and identified

new variables and hypotheses (George and Bennett

2005) to characterize necessary causes and outcomes

(Bennett and Elman 2006). These results contribute

much-needed empirical data to research on decision

support for climate adaptation (Pyke et al. 2007) and re-

fine our understanding of the processes necessary and/or

sufficient to produce useful climate science information.

Research began with extensive literature reviews,

archival research, a workshop with representatives from

every RISA program (in existence at that time), semi-

structured interviews with RISAmembers (N5 22) and

stakeholders (N5 23), and in-depth case studies of each

of the following three RISA programs: the Climate

Impacts Group (CIG) at the University of Washington;

Climate Assessment of the Southwest (CLIMAS) at the

University of Arizona; and the Pacific RISA at the East–

West Center in Hawaii (see Table 1 for details on each

RISA’s program activities). These three programs had

significant experience, consisting of the first and oldest

programs (two out of three were 10 yr old at the time)

and so had substantial experience and time in which to

‘‘fine tune’’ their approaches and methods.

Stakeholders were queried about what RISA-sourced

information they found useful in satisfying various

value demands andwhatwas not useful, asweremembers

whose responses were highly correlated with the stake-

holders’ responses. Both groups were also queried about

the engagement processes and approaches that contrib-

uted to the coproduction of useful information. Stake-

holders were asked about their climate information needs

and unmet needs. Members were asked about how they

designed their research agendas, promoted and packaged

information, and ultimately shared climate knowledge

with stakeholders.

b. Defining useful information

Despite a chorus calling for more useful climate in-

formation, neither scientists nor policy makers have
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arrived at a consensus regarding what constitutes use-

ful information or policy-relevant science (Dilling and

Lemos 2011). For this research project ‘‘useful infor-

mation’’ was defined as fulfilling stakeholders’ value

demands in which ‘‘values’’ consist of a desired situa-

tion, object, or condition (Clark 2002; Lasswell 1971;

Lasswell and McDougal 1992), including power,

enlightenment, wealth, well-being, skill, affection, re-

spect, and rectitude (see Table 2 for more detailed de-

scriptions). For example, climate information educates

and informs decision makers who learn about how cli-

mate change may impact their sector (enlightenment),

results in opportunities to reduce costs or avoid human

losses (wealth, well-being), informs the design of models

TABLE 1. RISA program activities (adapted from McNie 2008).

Climate Impacts Group

Climate Assessment of the South-

west Pacific RISA

Regional focus Washington and Oregon, but

includes greater Columbia

River watershed including 7

states, Canada, and multiple

tribal governments

Arizona and New Mexico, lower

Colorado River basin; cross-

boarder issues with Mexico

Hawaiian Islands, U.S.-Affiliated

and American Flag Islands

of the Pacific

Overall mission ‘‘Climate science in the public

interest’’ in which they engage

in ‘‘basic research aimed at

understanding the consequences

of climate fluctuations for the

Pacific Northwest, and pro-

moting application of this in-

formation in regional decisions’’

‘‘ . . . to assess the impacts of climate

variability and longer-term cli-

mate change on human and nat-

ural systems in the Southwest.

Our mission is to improve the

ability of the region to respond

sufficiently and appropriately to

climate events and climate

changes’’

To support ‘‘the emergence of an

integrated program of climate

risk management in the Pacific

region’’

Climate signals ENSO, Pacific decadal oscillation,

and to lesser extent the Arctic

Oscillation and Madden–Julian

oscillation

ENSO, North American monsoon,

a quasi-permanent subtropical

high-pressure ridge over the re-

gion, Pacific decadal oscillation

ENSO, movement and location

of the Intertropical and South

Pacific convergence zones,

cyclonic activities, seasonal

and diurnal variations

Primary impacts Temperature and precipitation

extremes, flooding, drought,

changes in snowpack and river

flow, changes in hydropower

production, forest fires, crop

failures or surpluses, changes in

salmon productivity, coastal

erosion and subsidence, tree

mortality, changes in coastal

ecosystems

Precipitation extremes, drought,

land salinization and subsidence,

flooding, forest fires, vector-

borne diseases, forest health,

changes in ecosystems, tourism

Precipitation extremes, flooding,

extreme drought, vector-borne

diseases, coastal erosion, saltwa-

ter intrusion, tourism, damage

to coasts and reefs

Research foci Hydrology and water resources,

forest ecosystems, aquatic

ecosystems, and coastal

environments

Understand historical, paleo-

climate, and forecasting in the

Southwest; understand the socie-

tal, economic, and geographic

concerns about the context of

vulnerabilities to climate vari-

ability in the Southwest

Improve integration of climate in-

formation into disaster and risk

management and broader sec-

toral areas; improve networks

and connections between people

and institutions responsible for

making decisions utilizing climate

information; improve stake-

holder understanding of potential

use of climate information

Major stake-

holders

U.S. Bureau of Reclamation,

National Marine Fisheries

Service, National Forest Service,

city and county planners, U.S.

Fish and Wildlife Service,

various NGO and advocacy

organizations, state and local

governments, 14 separate tribal

governments, etc.

State and local governments, U.S.

Forest Service, tribal govern-

ments, individual ranchers and

farmers, etc.

Various government, weather, di-

saster, risk management and

public health officials and

agencies on the various islands,

NGOs, etc.
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that clarify options for optimizing water system effi-

ciency (skill), and supports previous decisions or justifies

current policy preferences (power). Coproduction of

climate information enhances trust and increases so-

cial capital (affection), enhances the linkages between

members and stakeholders, and improves the efficiency

of the knowledge system (McNie 2008). Knowledge

may also lead to moral justification and sense of re-

sponsibility for specific actions or problems (rectitude).

Climate information can satisfy multiple value de-

mands simultaneously and consists of both content and

process (McNie 2007; Haas 2004).

Identifying specific value demands that were satisfied

helped to describe how information was useful, but

three additional criteria helped clarify the conditions

about why the information was useful. Generally

speaking, useful information met three criteria that

shaped its utility: salience, describing how information

was context sensitive and relevant to the appropriate

temporal and spatial scale; credibility, describing the

quality, accuracy, and validity of the information; and

legitimacy, describing stakeholders’ belief that the in-

formation was produced by trusted sources that had not

been captured by special interests (Cash and Buizer

2005; Cash and Clark 2001; Cash et al. 2002, 2003;

Guston 2001). Useful information also had a procedural

dimension, providing ‘‘a mechanism for transmitting

knowledge from the scientific community to the policy

world’’ (Haas 2004, p. 573) effectively linking members

and stakeholders together with sustained, iterative, and

frequent interactions that improved the likelihood of

producing useful information (CCSP 2008; Lemos and

Morehouse 2005; McNie 2007).

c. Evaluating useful information

Evaluating the usefulness of climate information for

decision support is challenging because the same in-

formation could be used differently by different users.

Measuring outcomes of decisions is difficult with the

long temporal delays inherent in changes to social and

environmental systems; and identifying causal links

from a single unit of information to a decision is un-

realistic given that other social, economic, political, and

scientific inputs also inform decisions. While notable

accomplishments in evaluating forecasting skill with

seasonal and interannual forecasts exist (CCSP 2008),

less is known about how such information is useful in

the context of actual policy decisions. Some suggest us-

ing ‘‘internal criteria’’ to evaluate environment de-

cisions rather than relying solely on outcomes (NRC

2005a; Beierle and Cayford 2002; Shaw et al. 1997), or

identifying and qualifying users’ satisfaction with the

information with ‘‘ex-post satisficing’’ or ‘‘ex-post eval-

uation’’ (Deelstra et al. 2003; Herrick and Sarewitz

2000).

d. Research design limitations

The research design used in this project resulted in

some limitations. Identifying stakeholders was some-

what problematic given the researcher’s reliance on

each RISA program to provide stakeholder contact in-

formation, although snowball-sampling techniques were

used to mitigate some of the potential bias (Babbie

2004). Focusing on the dependent variable (the pro-

duction of useful climate science) and not the failure

to produce useful climate science led to some missed

TABLE 2. Value demands for useful information (adapted from Lasswell and McDougal 1992).

Value Description Climate-related examples

Power Making decisions that can be enforced,

alignment, politics

Developing policies, justifying adoption of specific policy alternatives,

justifying previous policy decisions, application of policy

Enlightenment Informativeness, gathering and spreading

information, learning

Fundamental understanding of climate systems, knowledge of future

likely impacts, clarification of vulnerability, understanding of how

climate change information matters in a particular knowledge system

Wealth Production and distribution of goods and

services

Money saved by adopting and implementing emergency preparedness

plans, reducing cost of operating hydropower facilities

Well-being Salubrity, safety, health and comfort Lives, property or environment saved through emergency-plan imple-

mentation, reduced risks, improved resiliency to climate variability,

long-range policy development

Skill Craftsmanship, ability to gain and exercise

excellence in a specialized operation

Development of decision tools, regional climate models, paleo-climate

stream-flow reconstructions, etc.

Affection Friendliness, giving and receiving friend-

ship, loyalty

Development of relationships between researchers and users,

development of social capital

Respect Distinction, recognition and mutual

honoring of freedom of choice

Attention to contextual needs of decision makes, perception

of RISAs as legitimate actors, development of social capital

Rectitude Morality, responsibility of conduct Production of credible scientific information, meeting ethical standards,

providing moral justification
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opportunities to provide more context and detail in the

findings. Relying on qualitative methods alone en-

hanced the richness in understanding some of the data

but also reduced opportunities to analyze and compare

outputs and products in other ways. Finally, assessing

the production of useful information as broadly con-

strued, in lieu of tracing individual and specific knowl-

edge outputs in detail from conception to production to

dissemination to specific policy outcomes, limited our

understanding of how information was transformed at

each step in the ‘‘end-to-end’’ research process.

2. Evaluating the production of useful information

This section identifies and describes climate infor-

mation produced by members that satisfied various

value demands according to the stakeholders. The useful

information is analyzed using the criteria of salience,

credibility, and legitimacy described above.

a. Useful information produced

1) SALIENCE OF INFORMATION

Useful products included technical reports explaining

likely impacts of short-term and long-term climate var-

iability and change, paleo-climate histories, drought

predictions, climate-forecast evaluation tools, stream-

flow and reservoir forecasts, vulnerability assessments,

monthly or quarterly newsletters reporting on the latest

climate and resource information, climate fact sheets,

and guides for incorporating climate information into

government policymaking. Many of the useful products

placed climate-change variability into the geographic,

political, and economic contexts of the regions repre-

sented by each RISA. This contextualization served

an important role in educating stakeholders about the

importance of considering climate in place-based pol-

icy decisions. Some products were useful because they

provided enough lead time for decisions related to ex-

treme events to be made, such as in the Pacific where

large geographic distances between islands and main-

land suppliers, coupled with high transportation costs,

necessitated early and convincing communication of

hazards such as impending drought coupled with the

El Niño–Southern Oscillation (ENSO). Useful infor-

mation also spanned spatial and temporal scales, from

extreme weather forecasts (several days) through

monthly, seasonal, and annual streamflow and climate

forecasts (1 to 18 months) to longer-range climate pre-

dictions (from 10 to 100 yr).

Many of the useful ‘‘products,’’ however, were actu-

ally events, in the form of workshops, meetings, con-

ferences, and one-on-one (or one-on-few) meetings

between members and stakeholders. While most of

these informal meetings were never archived or listed as

products of RISA activities, they nonetheless were sig-

nificant activities both for the conveyance of infor-

mation and for building social capital and capacity for

future integration of climate information. Indeed, much

of the Pacific RISA’s work can be categorized as these

events. Pacific RISA members provided important

leadership and support with the Pacific ENSO Appli-

cation Center and in the Pacific Risk Managers 0Ohana

(PRiMO), and created workshops to train and educate

stakeholders about climate change impacts and vulner-

abilities. With CIG, one of the watershed moments in its

history was a workshop called The Future Ain’t What It

Used To Be, which included over 700 participants (400

more than expected), marking a clear acknowledgment

from the stakeholder community that they needed and

valued the climate information provided.

2) CREDIBILITY

RISAs addressed the question of credibility in their

information through a variety of means. Information

that the RISAs shared was based on peer-reviewed re-

search conducted by the RISA or by other scientists, or

the information was produced through similarly rigor-

ous standards, particularly in the CLIMAS and CIG

programs that were university-based. The Pacific RISA

also utilized peer-reviewed research of their own but,

given its limited resources, also relied heavily on the re-

search of others, particularly the Pacific ENSO Applica-

tion Center, National ClimateData Center (NCDC), and

other research produced at the University of Hawaii,

Manoa. In this regard the Pacific RISA served more as

a broker of information, communicating actively between

members and stakeholders and mediating the process of

knowledge production.

Many stakeholders valued information that was trans-

lated from scientific language into user-friendly vernac-

ular, yet also valued having direct access to peer-reviewed

literature, or at least knowing that the products they

received from the RISAs were based on peer-reviewed

research conducted through rigorous scientific methods.

In other cases, stakeholders eventually came to trust that

the members had adequately vetted the information and

judged it to be credible. It appeared that once members

earned the trust of their stakeholders through consistent

provision of credible and useful information, the stake-

holders were less likely to demand evidence of peer-

reviewed products and relied on members to ‘‘take care

of business’’ in providing credible information. One fac-

tor that facilitated the creation and maintenance of

credibility was the transparency surrounding source ma-

terial and peer-reviewed information.
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3) LEGITIMACY

Stakeholders trusted that the RISAs would provide

information of the highest quality, and that using RISA

information ‘‘inoculates us from criticism’’ from others

in their organization or elsewhere. One stakeholder

explained, ‘‘We’re on the cusp of an era where we have

to make really tough decisions about how we respond

to climate change. So, we need trusted sources of in-

formation to make decisions based on long-term pro-

jections. That’s the tension.’’ Over time, members and

the RISA organizations came to be viewed as ‘‘honest

brokers of information’’ (Pielke 2007). Some stake-

holders did not necessarily know of the RISA organi-

zation by name, but spoke of members they trusted for

providing useful information. Yet, other stakeholders

spoke about the RISAs as trusted organizations, iden-

tifying their affiliation with well-respected universities

that were believed to be ‘‘above the fray’’ as an impor-

tant source of legitimacy.

b. Missed opportunities

Every RISA also had clear ‘‘misses’’ when it came to

producing information that was not needed, or used by

stakeholders, particularly during the early years. Often

the problem behind the lack of usefulness was one of

scale. For example, research on the Pacific decadal os-

cillation (PDO) focused on basinwide impacts to salmon

fisheries, yet fisheries management focused on rivers,

a much smaller scale. Another example involved climate

forecasts. Members learned that for forecasts to be

useful to their stakeholders they had to ‘‘translate’’ the

forecasts into ‘‘resource vulnerability and impacts’’

products relevant to Stakeholder concerns. Another

example involved research that linked climate change

with streamflow, salmon, and thus hydropower pro-

duction. While the information was valuable to stake-

holders in part, they were unable to fully incorporate the

information into their own hydrological models because

of specific legal constraints. Through iterative processes

of engagement, Members eventually modified the in-

formation to fit within the constraints of the stake-

holders’ models.

These misses occurred because members unilaterally

believed their information would be useful. In some

cases, such products represented significant contribu-

tions to climate research, yet were not useful in the

original form. Overall, identifying misses was difficult

given that dissatisfied stakeholders stopped engaging

with the RISA and thus were difficult to identify, or

because stakeholders who benefitted from their re-

lationship with the RISA tended to forget the misses.

Furthermore, what began as a missed opportunity often

evolved into useful information through ongoing en-

gagement with stakeholders and by reframing or editing

the information, adding more contextual content, or

adapting the information into appropriate tools. As one

member explained, ‘‘Lots of successful things [products]

went through this phase.’’

Other missed opportunities occurred because RISAs

were unable to meet specific stakeholder demands be-

cause of lack of fiscal resources, lack of personnel who

could do the work, and, more importantly, by current

limitations of our knowledge about climate change. For

example, at present we are not capable of producing

climate forecasts that can predict seasonal rainfall in-

tensity, produce fairly accurate longer-range climate

forecasts, or downscale climate models to a resolution

fine enough to inform decision makers about more lo-

calized problems. Some stakeholders mentioned need-

ing longer lead time for ENSO-related events, improved

identification of the different ‘‘flavors’’ of El Niño, and

sea level-variation models. One member explained that

stakeholders wanted climate information scaled down

‘‘to x forest or y watershed’’ but that the science just

‘‘wasn’t there’’ yet. In one case, civil engineers who were

in the process of designing future sewage and storm-

drain systems wanted predictions about likely changes

in 2- to 3-day severe-storm events and how these events

would vary from the current average. Members were

unable to provide that information, but instead spent

time educating the engineers about constraints in cli-

mate and precipitation predictions.

Other stakeholders wanted information with un-

certainty levels significantly lower than what science

could produce. Members, unable to fill those needs, in-

stead focused on other ways to increase the stake-

holders’ comfort with the available information and how

it could be useful, or provided additional information as

a ‘‘suite’’ of data. Problems such as reducing uncertainty

suggest that cultural differences between science and

policy were partly to blame in these missed opportuni-

ties. Still in other cases members complained about the

lack of sophisticated satellite monitoring systems as

a major barrier to providing stakeholders with relevant

information.

3. Processes and approaches

This section describes the necessary and most im-

portant processes and approaches that contributed to

the coproduction of useful climate information. These

include assessing users’ needs; translating, communicat-

ing, and sharing knowledge; supporting the production

of social capital; capacity building; and leadership and

organizational design. This section concludes with
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a discussion of important similarities and differences in

approaches utilized by the three RISA programs.

a. Assessing users’ information needs

Research indicates that organizations and individuals

are more likely to use information that they have re-

quested (Oh 1996; Oh and Rich 1996; Landry et al.

2003). RISAs determined what information to produce

from both formal and informal needs assessments. At

the formal end, robust social science methods were de-

ployed to determine users’ needs through focus groups,

survey instruments, and individual stakeholder queries.

Less formally, some RISAs took advantage of oppor-

tunities when stakeholders were convened to pass out

questionnaires and informal needs assessments. For

one RISA, such questionnaires were a ‘‘part of every

workshop’’ they held. Many members learned about

users’ needs, and thus priorities for their own research

agendas, through informal, frequent, and direct personal

contact with stakeholders. These informal and iterative

conversations enabled Members to fine tune their re-

search agendas to better address stakeholders’ needs.

One RISA identified ‘‘big issues’’ or problems shared by

many stakeholders or across sectors in order to guide

research. At other times, members asked simply, ‘‘can

they [the stakeholders] use this information to defend

their decision to their bosses?’’

Other external factors shaped research agendas such

as availability of fiscal resources, including both the lack

of resources and external funding opportunities directed

toward specific research. A lack of resources was par-

ticularly germane with the Pacific RISA, which oper-

ated with a very small budget, significantly constraining

choices and alternatives for programmatic activities.

The limited budgets compelled many members to seek

out research activities with the highest potential ‘‘bang

for the buck’’ and opportunities to collaborate with

other agencies. Sometimes RISAs were able to leverage

external funding (e.g., state monies directed toward

climate adaptation research). In this respect the RISAs

operated as quasi-consulting organizations. Another

important factor shaping research agendas was seren-

dipity and the random occurrence of various clarifying

events and policy windows of opportunity (Kingdon

1997). One such event was the ElNiño of 1997–98, which

elevated problems of climate variability into the public

discourse. Another was the Southwest drought of 2002–

05, which sparked interest among stakeholders to seek

out climate information relevant for their sector and

region. As with most research, members’ curiosity about

particular problems also influenced decisions, as well as

the likelihood for ‘‘high impact’’ results within their

scientific-peer community.

One factor that appeared consistent across the RISAs

was the importance of a clear vision and mission

guiding members’ decisions about research priorities.

Understanding the ‘‘big picture’’ and the overarching

purpose of each RISA guided research agendas. The

CIG used a five-year plan to guide research and held

quarterly meetings with all members. Regular principal

investigator (PI) meetings served as additional oppor-

tunities to fine tune overarching goals yet also allowed

for enough autonomy for members to pursue their own

research interests. CLIMAS utilized an executive com-

mittee consisting of senior PIs that was developed to

resolve any disputes about research priorities, should

they arise, and to ensure that research agendas contin-

ued to match the core questions of the RISA program.

At the time of the research, however, it was unclear what

affect this committee had on resolving research agendas.

b. Translating, communicating, and sharing
knowledge

RISA members determined how best to package and

translate information through both formal and informal

mechanisms. Formally, some RISAs utilized social sci-

ence research in order to answer fundamental questions

about how stakeholders perceived information and how

best to package and present the information. These ef-

forts consisted of empirical studies, experiments, work-

shops, and survey instruments. CLIMAS implemented

one project by which they queried stakeholders on

a monthly basis for an entire year in order to assess how

they wanted the climate information packaged, pre-

sented, and laid out, including vernacular preferences.

Other data indicated that multiple presentations were

often useful with a single product to address different

learning styles and levels of understanding in order to

reach the widest audience.

RISAs learned that translating scientific material

into lay vernacular was important in order to speak to

a wide audience, but in many instances so too was

maintaining the formal scientific language reflecting its

peer-reviewed source. Some stakeholders suggested

that this connection added to the credibility of the in-

formation, particularly in cases where decision stakes

were high or the information contested. This work came

at some price, however—for example, with an early

Pacific ENSO Application Center product called the

Rainfall Atlas. The original product was confusing to

many stakeholders because it was presented in proba-

bilistic terms using terciles. Communication and feed-

back from stakeholders led to the development of a

‘‘Historical Analog for the Atlas’’ that presented the

information in more deterministic terms and in lan-

guage and styles more easily understood by stakeholders.
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Some personnel involved in the product development

received criticism from their scientific colleagues who

believed the information had been ‘‘dumbed down.’’

Members, however, were convinced that they had pro-

duced a more important product that, according to

stakeholders, actually got used.

RISA Members needed to be flexible about the lan-

guage they used in communicating their research, for

example with the phrase ‘‘climate change.’’ Because of

early stakeholder resistance to the phrase, manymembers

used the phrase ‘‘climate variability’’ to avoid unnecessary

political conflict or resistance from stakeholders. Some

members were criticized by peers as ‘‘selling out’’ to cli-

mate deniers, or even perpetuating misunderstandings

about the gravity of climate change. Given the long-range

goals of the RISAs, however, members realized that in

order to deliver useful information, they needed to tailor

the information to suit the users’ context. While some

stakeholders were not ready to deal with climate change

as a problem, they were open to working with RISAs

over issues of climate variability relevant to their de-

cision needs. Members recognized that using the stake-

holders’ language was a necessary means in developing

relationships with them while simultaneously moving

forward on producing information the stakeholders

could use.

One of the most important activities for RISA success

was early, frequent, and iterative communication with

stakeholders (Lemos and Morehouse 2005; Cash and

Buizer 2005). The importance of robust communica-

tion cannot be overstated, particularly in producing and

sustaining social capital and trust. Such attention to

communication, however, took time and resources to

deploy and was not always acknowledged as worthwhile

investments by some researchers or managers in the

members’ peer community. RISA organizations and

their leaders, however, recognized the need for robust

lines of communication with stakeholders and provided

members with additional time and resources necessary

for these tasks.

c. Producing and situating social capital

Members universally discussed the importance of

establishing relationships with their stakeholders based

on trust and mutual respect. These relationships created

the social capital that facilitated the successful creation,

sharing, and integration of information that was useful,

both in terms of the credibility of the information and

its perceived legitimacy. As one member explained,

‘‘I can’t imagine not being concerned about trust.’’

Other members indicated that, ‘‘Trust is huge . . . It’s

everything. Trust encompasses scientific accuracy, rigor,

relationships.’’ Remarking about trust, another member

said, ‘‘It’s mine to lose.’’ Members and stakeholders

were also explicit about the fact that ‘‘good science’’ and

trust were ‘‘bound together’’ in the aim of producing

useful information. Members discussed the importance

that their work continued to be of the highest quality

now that stakeholders turned to them for answers and

information.

Some relationships required significantly more at-

tention for the production and maintenance of social

capital, particularly in those cases with significant power

and resource asymmetry or significant geographic and

cultural distance, for example with the Pacific RISA and

the work they did with stakeholders in theU.S.-Affiliated

Pacific Islands (USAPI). In most Polynesian societies,

clan affiliation and family ties matter more than the pan-

Polynesian similarities, political connections, and na-

tional affiliation (Lefale 2002), making the uptake and

adoption of knowledge from ‘‘outsiders’’ particularly

challenging. Stakeholders and members placed ex-

tremely high value on face-to-face meetings and

personal connections. One official with the National

Weather Service who was also an affiliate with the Pa-

cific RISA called this work ‘‘eyeball-to-eyeball’’ and

emphasized how important traveling to the islands was

in order to share information directly with his stake-

holders. Another affiliate working with the Pacific RISA

said, ‘‘Don’t even bother bringing your briefcase for the

first two years. It takes that long before they [in this case,

Marshallese] get to know you and will work with you.’’

Pacific RISAmembers found that once they had formed

robust relationships with their stakeholders, identifying

and delivering useful climate information was much

easier to accomplish. In the case of the drought pre-

dicted at the onset of the significant 1997–98 El Niño, all

it took was the word of a Pacific RISA affiliate member

for policy makers in Pohnpei to implement emergency-

planning contingencies.

Social capital resided within the RISA organization or

with individual members, but more often with both. In

the Pacific Affiliated Islands, where trust was inversely

correlated with stakeholders’ power and their access to

resources, social capital was often grounded in an in-

dividual relationship with a member or affiliate of the

Pacific RISA. Indeed, few of the Pacific RISA’s stake-

holders were aware of the organization called the ‘‘Pacific

RISA’’—and some had never heard of it—yet they found

great value in the information they received from its

members. In most cases, social capital was grounded in

the RISA organization, which leveraged the capital by

‘‘branding’’ certain products and information as coming

from that RISA. In such cases, stakeholders identified the

RISA as a trusted source of information based on its

reputation without necessarily having any significant
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knowledge or relationship with individual members af-

filiated with the RISA.

These findings beg the question:What is the best place

in which to situate the social capital? Research suggests

that both locations have benefits, but it is important to

understand the limitations and opportunities inherent in

locating social capital in each place. For example, the

Pacific RISA will have to wrestle with the question of

how to transfer social capital from member to member

(due to changes in personnel) since the organization

itself possesses only limited ‘‘brand recognition.’’ CIG

and CLIMAS, alternatively, tended toward both types

of social capital, forging individual relationships and

building their ‘‘brand’’ as trusted sources of climate in-

formation. Further research is necessary to understand

the tradeoffs involved with deciding where, when, and

how to situate the social capital, but acknowledging its

value as a resource is the first step.

d. Capacity building

Creating and maintaining social capital was also nec-

essary to support capacity-building efforts with stake-

holders, particularly when their organizations found

limited value in climate information, had not yet in-

corporated climate information into their operations, or

had preconceived or inaccurate notions about climate

science. RISA Members spent time ‘‘pushing’’ climate

information to stakeholders not only in the belief that

such information could be useful, but also because they

wanted to build stakeholders’ capacity to absorb, un-

derstand, and, at a later time, utilize the information. As

one member explained, ‘‘If we had waited for the de-

mand [to arise], we would have been behind the curve.’’

‘‘Undemanded’’ capacity-building often laid the ground

for future information demands by stakeholders be-

cause they often ‘‘did not know that they needed the

information.’’

Encouraging stakeholders to engage the material was

challenging not only because of significant differences in

knowledge about climate science, but also because of

different mental models and paradigms about how the

world operated. The Pacific RISA spent a lot of time

engaging in capacity-building activities, traveling to

numerous islands, and educating stakeholders not only

about how climate change affected various sectors of

the economy and society but also about the basics of

climate-change science. The Pacific RISA’s activities

were further complicated by the fact that their stake-

holders spoke multiple languages, requiring multiple

translations of educational material. Work to build ca-

pacity and ‘‘change mental models’’ constituted a sig-

nificant portion of early RISA activities. Stakeholders

also indicated they valued this outreach and information

and that it provided important ‘‘grounding in climate

variability’’ at a time when they were just beginning to

incorporate such information into their decisionmaking,

or had not yet considered using it at all. Some stake-

holders made explicit requests for RISA outreach ac-

tivities such as workshops or information sessions.

e. Leadership and organizational design

Strong leadership by senior scholars in climate sci-

ence, climate impacts and adaptation, social sciences, or

extensive programmatic development experience in

climate services was a characteristic feature of the RISA

programs. Leadership proved critical during the start-up

phases of the organizations for several reasons. First,

such leaders were ‘‘champions’’ both outside the orga-

nization (with academic departments and leaders in

the host universities and with NOAA) and within it.

Leaders were instrumental in conceptualizing the RISA

program and were tireless in pushing for its creation.

Leaders were also instrumental in planning each RISA

and conceptualizing each RISA’s mission and vision.

Leadership and support by senior PIs also helped junior

members and researchers who lacked institutional sup-

port from their home academic departments in uni-

versities because they were engaged in problem-driven

research. Members articulated strong support for such

leadership that helped foster a feeling of community

in the organization due to the leaders’ ‘‘dedication,’’

‘‘inspiration,’’ and ‘‘commitment to the cause.’’

RISAs resembled rather young, early phase entre-

preneurial organizations in the context of an organiza-

tion’s life cycle (Greiner 1997). Finding stakeholders,

developing products, conducting research, securing re-

sources, establishing social capital and credibility, and

otherwise finding their research and product niches

were extremely important activities during the RISAs’

earlier years, not unlike the challenges experienced

by new businesses. RISAs were fairly flat and decen-

tralized organizations in which most members worked

autonomously, making decisions independently, al-

beit collaboratively at times and within constraints

of the organizational vision and mission. Decentrali-

zation not only enabled members in all the RISAs to

make their own decisions regarding what research to

conduct but also, more importantly, members could

respond quickly to changing contexts, issues, and

windows of opportunities that arose. Greater atten-

tion to record-keeping and institutionalizing some

processes would be beneficial to RISAs’ long-term

development, but not at the expense of maintaining

organizational adaptability and nimbleness in re-

sponding to opportunities. Decentralization enabled

members to engage directly with stakeholders and
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respond in real time to demands, questions, concerns,

or feedback.

RISAs also shared many characteristics with what

Senge (1994) calls a ‘‘learning organization’’ that pro-

cesses its experiences, adapts to external stimuli, and

integrates new understanding of its environment into its

decision-making processes. Senge describes a learning

organization as one ‘‘where collective aspiration is set

free, and where people are continually learning to see

the whole together’’ (p. 3). Providing climate services is

a developing paradigm, a ‘‘voyage of discovery’’ as one

RISA described its work (Miles et al. 2006, p. 19 621).

RISAs incorporated ‘‘double-loop learning’’ (Argyris

and Schön 1978), or colloquially what can be called

‘‘learning from experience.’’ One Member described

this processes as ‘‘mutual learning’’ because in addition

to their stakeholders learning about climate, the mem-

bers learned about stakeholder needs, opportunities,

constraints, integration of information, etc. RISAs also

had frequent meetings in which members reflected on

their experiences—not only with regard to science but

also the process of their work—to integrate learning into

practice and continuous improvement. All of the RISAs

published extensively sharing their experiences and

observations about their work, process, and service

activities.

f. Cross-case comparisons

Each of the three RISA programs studied for this

project was created by different PIs who focused on

different resource problems based on different cli-

matic conditions, and with significantly different re-

sources available for program support. While all were

bound within the overall goal of producing place-based

climate-science information for decision support,

each program was organized and operated differently.

Together, these RISA programs shared many more

characteristics than not, suggesting that the processes

and approaches identified may be characteristics that

are essential for operating successful climate-service

organizations.

The biggest difference between the programs con-

cerns how they produced or otherwise acquired the cli-

mate information. CIG and CLIMAS, both housed in

major universities and supported with generous funding

from NOAA and other sources, were the primary pro-

ducers of the climate information, doing the work in-

house or collaboratively with nonmember researchers.

In these cases, the members served as both producers of

the climate information and as the mediators and ne-

gotiators, working directly with stakeholders, building

relationships, and tending to the social process. Of these

two organizations, CLIMAS had more social-science

members who helped to clarify and understand stake-

holders’ needs and understand the challenges of creating

and integrating climate information into stakeholders’

knowledge systems.

The Pacific RISA was the smallest of the three and

operated with a very small budget. Fiscal constraints

significantly limited its ability to have in-house re-

searchers and members who specialized in physical and

natural science research. The Pacific RISA did have

a few full-time researchers trained primarily in the social

sciences, which, given the political, cultural, and epis-

temological challenges of producing and integrating

useful climate science in the U.S. Affiliated Islands,

proved quite beneficial. But for climate information

informed by natural and physical sciences, the Pacific

RISA had to access other resources in the surrounding

area. Because of the lack of resources, Pacific RISA

members often functioned as ‘‘brokers’’ of climate in-

formation, engaging both sides of the climate infor-

mation spectrum. Members spent significant time and

energy to understand their stakeholders’ needs, knowl-

edge of climate science, capacity to integrate climate

information, and sociocultural barriers to using climate

information. In addition to doing their own social sci-

ence research, members also actively engaged other

researchers at the Pacific ENSO Application Center or

University of Hawaii, for example, to help produce the

climate information needed by their stakeholders. Act-

ing as an information broker was an effective strategy

for the Pacific RISA, although it also took significant

time and resources, resulting in some obvious trade-offs.

4. Analysis and conclusions

The approaches and processes identified in this re-

search raise important science-policy questions con-

cerning research design and implementation, design and

operation of climate-service organizations, and how to

evaluate the outputs and outcomes of climate-science

research for decision support and climate services more

broadly.

a. Science policy

Producing useful climate information for decision

support compelled the RISA organizations to employ

additional processes and approaches that fell outside of

the standard, basic-research paradigm typically found in

academia. These problem-driven approaches are often

described as use-inspired basic research, user-driven

research, mode 2 research, and problem-oriented re-

search; despite subtle conceptual and operational differ-

ences, they share the overarching objectives of shaping

research agendas that respond to the information needs
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and priorities of society, what some have called a new

social contract for science (Stokes 1997; Nowotny et al.

2003; Clark 2002; Guston 2000). Problem-driven research

objectives include the discovery of new knowledge but,

unlike basic research, must also satisfy stakeholders’

various value demands (Stokes 1997; Clark 2002). In

addition to disseminating findings in peer-reviewed pub-

lications, researchers must also communicate findings

in a variety of ways and ensure that stakeholders have

the capacity to integrate the information into existing

knowledge systems. These problem-driven approaches

represent an end-to-end paradigm of research in that

knowledge production is undertaken with its end use in

mind, actively linking science and decision makers

(Agrawala et al. 2001).

Problem-driven research is a more resource-intensive

process than doing basic research alone. Findings from

this research point to the importance of tending to the

social process, building and maintaining social capital,

developing robust lines of communication, forging re-

lationships based on mutual trust and respect, edu-

cating stakeholders, and building capacity in their

organizations to utilize climate information—in addi-

tion to conducting research that results in high-quality

and credible science. These activities require sub-

stantial commitments to time, allocation of additional

resources, and even personnel who function as out-

reach and education specialists. Members indicated

that these additional activities are often not recognized

or rewarded in the tenure, retention, and promotion

process in the academy; that funding cycles are often

too short to build relationships with stakeholders or

fully assess their needs; and that evaluating problem-

driven research using the same methods used for basic

research falls short.

The linear model of science policy still informs the

vast majority of climate research in the United States

(Dilling and Lemos 2011), privileging basic research

over problem-driven approaches. A frequent critique of

problem-driven research is that it ‘‘drives out’’ basic

research and the discovery of new knowledge, but re-

search suggests that producing new knowledge and

creating useful information for society are not mutually

exclusive activities (Stokes 1997; Sarewitz and Pielke

2007). Members continued to create new knowledge as

a matter of course, including, for example, significant

contributions to our understanding of the Pacific de-

cadal oscillation (Mantua et al. 1997). While basic re-

search will always have a large and important role to

play in climate research, science-policy decision makers

need to give serious consideration to expanding support

for problem-driven research design, implementation,

and integration into existing knowledge and policy

systems, particularly if the objective is to produce useful

climate science for place-based decision support.

b. Future evaluation of the RISAs

Outputs from basic research are typically evaluated

using a variety of bibliometric methods such as evalu-

ating the quantity and quality of peer-reviewed publi-

cations. Some outputs from problem-driven research

can also be evaluated using these methods; however,

they fall short in evaluating reports, models, white pa-

pers, forecasts, workshops, training sessions, etc. In ad-

dition to evaluating outputs, programmatic outcomes

must also be evaluated, such as improved understanding

of climate science, policies enacted, resources saved or

conserved, decisions made, models designed, stake-

holder networks created, and social capital developed.

Temporal delays between producing outputs and ob-

serving outcomes, difficulties in quantifying changes in

complex coupled human–environmental systems, at-

tributing policy-related decisions to specific RISA out-

puts, time and resources necessary to implement formal

programmatic evaluation, measuring changes in atti-

tudes and beliefs concerning climate risks, and concern

over ‘‘stakeholder burnout’’ due to frequent and ongo-

ing monitoring add to the challenges of evaluating each

RISA program and climate services in general.

At the time of this research, RISAs provided rela-

tively limited reporting on various outputs as required

by the NOAA CPO, but utilized few if any additional

methods to assess the full range of RISA activities and

production of useful climate information for decision

support. One limitation to enhancing evaluation met-

rics, methods, and monitoring concerns the lack of bu-

reaucratic mechanisms within each RISA needed to

record detailed information about research agendas

and activities, stakeholder engagement, communication,

outputs, and programmatic outcomes—tasks that will

prove challenging given limited existing resources. An-

other limitation stems from the NOAA CPO office,

which is also exploring how best to evaluate RISA pro-

grams, a question that is constantly evolving. Until such

time, however, evaluating useful information based on

how it satisfies stakeholders’ value demands and use of

ex-post satisficing will have to do. What is clear is that

both quantitative and qualitativemethods for evaluating

climate services need to be developed and deployed.

c. Conclusions

RISAs exist to produce quality climate information

for decision support, but they also function as quasi-

experimental programs for testing various approaches

for producing climate-science information and de-

livering climate-information products to a variety of
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decision makers in numerous domains. Findings from

this research indicate that producing useful climate in-

formation that satisfies users’ needs is a complex, highly

contextual social process. Producing high-quality and

credible natural, physical, and social-science infor-

mation alone is insufficient to ensure the production of

useful climate information for decision support.

Producing and delivering useful information, which

included both products and events, involved identifying

stakeholders’ specific research needs using both formal

and informal research methods; communicating early

and iteratively with stakeholders using multiple strate-

gies; building capacity in the stakeholder community so

they understood how climate information could be used

in their decisions; building andmaintaining social capital

as a means to facilitate these processes and activities; and

utilizing strong leadership coupled with flat, decentral-

ized organizational design. This research clarifies the

importance of the design and delivery of climate services,

whereby adequate time and attention needs to be allo-

cated to build relationships and tend to social systems.

Although focused on just three RISAs, this research

confirms many previous findings, adds additional em-

pirical research and understanding about the function of

climate-service organizations, and develops several hy-

potheses than can be tested in future research. This re-

search also raises additional questions concerning how

climate services should be evaluated and, more impor-

tantly, how climate information actually gets used in the

policy process. What is clear from the research is that

significant questions still remain and additional research

needs to be done to improve our use of qualitative and

quantitative methods to evaluate the emerging field of

climate services.
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