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ABSTRACT

In recent years increasing attention has been focused on understanding the different resources that can

support decision makers at all levels in responding to climate variability and change. This article focuses on

the role that access to information and other potential constraints may play in the context of water decision

making across three U.S. regions (the Intermountain West, the Great Lakes, and the Carolinas). The au-

thors report on the degree to which climate-related needs or constraints pertinent to water resources are

regionally specific. They also find that stakeholder-identified constraints or needs extended beyond the

need for data/information to enabling factors such as governance arrangements and how to improve col-

laboration and communication. As climate information networks expand and emphasis is placed on en-

couraging adaptation more broadly, these constraints have implications not only for how information

dissemination efforts are organized but for how those efforts need to be informed by the larger regional

context in a resource-limited and fragmented landscape.

1. Introduction and background

Communities, governments, businesses, and individuals

are increasingly recognizing that climate affects resource

management and livelihood options and that planning for
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and adjusting to climate variability and change are needed.

However, the pace of adaptation for climate change is still

relativelymodest and awareness of available options is low

(Bierbaum et al. 2013). To support the ability of decision

makers at all levels to respond to climate, much attention

has been focused in recent years on better understanding

the resources that are needed for adaptation and what the

challenges to effective adaptation might be (Moser and

Ekstrom 2010; Moss et al. 2013).

Designing and implementing effective adaptation

strategies depends on adaptive capacity, defined by the

Intergovernmental Panel on Climate Change (IPCC) as

‘‘the ability or potential of a system to respond success-

fully to climate variability and change, and includes ad-

justments in both behaviour and in resources and

technologies’’ (Adger et al. 2007, p. 727). Many scholars

have suggested that access to information is critical

among theorized determinants of adaptive capacity

(Eakin et al. 2011; Smit and Wandel 2006; Yohe and Tol

2002). The rationale is that stakeholders armed with sa-

lient, credible, and legitimate information can make

better-informed decisions about how to prepare and re-

spond to climate impacts (Cash et al. 2006; Jacobs et al.

2010). And while this assumption makes sense in princi-

ple, empirical research shows that the application of cli-

mate information can be quite challenging, especially in

the climate adaptation decision context (Kirchhoff et al.

2013; Moss et al. 2013; Weichselgartner and Kasperson

2010). Even climate information that is intended specifi-

cally to support decision making is often underutilized

despite increasing availability (Weichselgartner and

Kasperson 2010).

One frequently mentioned challenge to the effective

deployment of climate information is our lack of un-

derstanding of how different decision contexts in which

adaptation choices are made affect and are affected by

knowledge production and use (Dilling and Lemos 2011;

Feldman and Ingram 2009; Hegger et al. 2012; Lowrey

et al. 2009; Simpson et al. 2013, manuscript submitted to

Climate in Context). In its broadest conception, the

decision context encompasses the human, cultural,

institutional/organizational, political, and socioeconomic

factors that influence climate decision makers’ willingness

and ability to use climate information, particularly for

adaptation. It can also include the natural and built envi-

ronments that shape the impact of climate change and

variability. Research and guidance on decision-making

processes identifies clarifying the decision context as the

first step to designing structured decision-making support

systems (Gregory et al. 2012). While the adaptation lit-

erature gives significant attention to the constraints and

challenges to climate information use (Dilling and Lemos

2011; Klein et al. 2014), there is relatively less effort on

understanding decision contexts and how a better un-

derstanding of context could inform the production of

relevant information.

In this paper we report on a comparative research

project, carried out within the scope of the National

Oceanic and Atmospheric Administration (NOAA) Re-

gional Integrated Sciences and Assessments (RISA)

program,1 specifically designed as a first step to describe

the decision context of climate policy in threeU.S. regions

(the Carolinas, the Great Lakes, and the Intermountain

West). Our initial goals were twofold. First, we sought to

explore how climate policy–oriented documents could be

used to develop an understanding of how decisionmakers

and stakeholders define not only the scope of the problem

and policy priorities for climate action in each region but

also their knowledge and information needs. In doing so,

we also considered insights that could inform climate in-

formation producers about the decision context for cli-

mate science. Second, we sought to understand to what

degree stakeholder needs are common across regions and

whether findings from one region might be transferable

to another. In designing our methodology we considered

two other factors: first, we sought to avoid ‘‘stakeholder

fatigue’’ (Jacobs et al. 2005; Kasperson 2006) by assuming

the documents to be an expression of stakeholders’ views

given the documents’ origin, and second, we viewed these

efforts as a point of departure rather than a destination as

we continue to collect data to further describe decision

contexts of interest [for an example of this work, see Dow

et al. (2013) and Kalafatis et al. (2014, manuscript sub-

mitted to Global Environ. Change)]. By better un-

derstanding the role of regional variation in decision

contexts and information needs, we hope that results from

this study can inform questions about the degree to which

neededU.S. adaptation information can be developed for

common use and in what circumstances information must

be regionally specific to be useful.

In the following section, we briefly review the literature

focusing on information usability and decision contexts.

Then, we describe our methods and research approaches.

Next, we discuss how climate affects water resource de-

cisionmaking in our respective regions, expressed here as

concerns about climate, noting commonalities and dif-

ferences. We then present the results of our document

review of stakeholder needs, analyzing findings within

emergent categories of data and information, governance,

and communication. We also consider the implications of

these findings for the future evolution of decision-support

activities.

1 Funded byNOAAtoproduce and disseminate stakeholder-driven

climate information.
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2. Information use and decision context

Through the years, scholars and managers of science

have suggested and designed different strategies to en-

hance the use of science in decision making, including

creating and developing boundary organizations and

decision-support networks, engaging in the coproduction

of science and policy, and developing specific tools and

methods to improve information use (Cash 2001; Cash

et al. 2003; Feldman and Ingram 2009;Gregory et al. 2012,

McNie 2007). Research has also sought to improve un-

derstanding of the diverse factors that influence decision

making (e.g., Jacobs et al. 2005; Ray et al. 2007; Rayner

et al. 2005). However, despite these efforts, a ‘‘climate

information usability gap’’ (Lemos et al. 2012) continues

to challenge our ability to build capacity for climate-

related decision making.

Several potential reasons for this usability gap exist,

including an unsupportive context for incorporating cli-

mate information and a disconnected research process

that fails to account for relevance, fit, timeliness, and ac-

cessibility of information it produces (Dilling and Lemos

2011; Sarewitz and Pielke 2007). For example, there is

robust empirical evidence that climate information by

itself is insufficient to support adaptive action in the ab-

sence of conducive institutional factors, financial support,

or other forms of capacity at themunicipal or other levels

(Glaas et al. 2010; Klein et al. 2014; Naess et al. 2005;

Tribbia and Moser 2008).

The usability gap may also be influenced by organiza-

tional and institutional practices in producing knowledge

and seeking information (Roncoli et al. 2012). For ex-

ample, most organizations tend to focus on particular

goals and objectives, or at least attempt to do so, as an

organization’s credibility can be threatened if it departs

too far from a mission for which it is trusted into a realm

where it is not trusted (Lach et al. 2003; Pielke 2007).

Similarly, stakeholders tend to trust specific organizations

for their information, whether it be a government agency,

a favorite trade magazine, a supply vendor, or a neighbor

(Archie et al. 2014; Dilling and Failey 2013; Lackstrom

et al. 2014). In some cases, knowledge networks form

among those who are likely to share interests and views,

although the narrower scope of interactions can also re-

sult in blind spots to activities or work occurring outside

a specific network (Bidwell et al. 2013).

Decision-support processes aremore successful if they

begin with users’ needs in mind (National Research

Council 2009), which in turn is a compelling reason to

engage stakeholders in research and design of decision-

support tools. However, the process of convening

researchers and stakeholders to iteratively scope and

define decision needs and how they can be met by

currently available knowledge requires significant time

and investment from both parties (Jacobs et al. 2010;

Lemos et al. 2014). There may also be outright barriers

and high transaction costs to the collaborative pro-

duction of usable information such as lack of trust, dif-

ferent needs and objectives, different incentives, and

different standards of credibility and legitimacy between

potential partners (Lemos et al. 2014; Weichselgartner

and Kasperson 2010). As the number of decision makers

and sectors that need climate information at increasingly

finer scales grows, so does the challenge of building and

maintaining highly interactive relationships between

scientists and stakeholders (Lemos et al. 2012). On the

one hand, the number of scientists potentially available

and willing to engage stakeholders may pose a limita-

tion; on the other hand, stakeholders themselves may

become frustrated or fatigued by repeated requests to

participate in such interactions (Jacobs et al. 2005;

Kasperson 2006).

Finally, the information provision context has ex-

panded and grown more complex in recent years. Just in

the past few years, many different efforts seeking to pro-

vide climate information and adaptation support for de-

cision making have emerged (Bierbaum et al. 2013). In

this environment of burgeoning effort and rising aware-

ness coupled with increasingly constrained financial and

personnel resources, the challenge becomes how to meet

the climate-related needs of decision makers effectively

over the short and long term.

3. Methods

Three research teams from different regions of the

United States collaborated on this project. Each team is

a member of the NOAA RISA program. Individual

RISAs are organized at a scale of several U.S. states and

work to 1) characterize the state of knowledge of climate

variations and changes at appropriate scales of interest,

2) identify knowledge gaps and linkages in selected climate–

environment–society interactions, and 3) provide an in-

formed basis for responding to climate-related risks

and establishing priorities in basic research investments

tomeet these needs (Pulwarty et al. 2009). In the context

of RISAs, interdisciplinary teams of scientists engage

with regional-, state-, and local-level decision makers to

pursue these goals. Study teams represent the Carolinas

Integrated Sciences andAssessments (CISA)working in

North and South Carolina, the Great Lakes Integrated

Sciences and Assessment Project (GLISA) covering the

U.S. states andCanadian provinceswithin theGreat Lakes

watershed, and the Western Water Assessment (WWA)

focusing on the U.S. states of Colorado, Wyoming, and

Utah (see Table 1).

JANUARY 2015 D I L L I NG ET AL . 7



This project was conducted from September 2010 to July

2011. Seeking to understand the decision context that

shapes climate information needs and recognizing that

a substantial number of reports on climate variability and

change and societal response have already been developed

in the study areas, the research teams used existing docu-

ments to obtain information about expressed stakeholder

concerns related to climate variability and change. For the

individual teams, the first stepwas to build a comprehensive

database of stakeholders with an interest and investment in

climate, including key characteristics and needs specific to

their sectors and regions. We expected this information to

provide insights not only about regional priorities and

challenges but also about existing science–policy–practice

networks between researchers and local stakeholders.

Each team conducted an open-ended, web-based

search for policy-oriented documents that focused on

some aspect of climate variability and change or a related

mitigation or adaptation topic. Discussions with key in-

formants augmented the web search to ensure that criti-

cal documents were not overlooked. Searches centered

on finding documents produced by or in conjunction with

stakeholders or that provided information about sectoral

or stakeholder perspectives about climate concerns, ac-

tivities, and needs. The initial step was for each team to

catalog all documents inMicrosoft Access and Excel with

relevant descriptors (e.g., year of publication, sponsoring

organization or author(s), and topic of focus). The final

databases consisted of technical reports, workshop and

conference summaries, impact assessments, and local and

regional climate action plans.

The teams communicated throughout the document

search process to compare progress and results. The

types of documents available in each of the regions

varied. While GLISA and WWA focused on obtaining

documents specific to climate change and variability,

CISA found very few documents that addressed climate

change explicitly and searched more broadly for mate-

rials that demonstrated how different sectors in the

Carolinas were discussing climate-related risks. Table 1

shows the breakdown of documents by research team

according to year and a distribution of documents by

primary sector of interest.

In the second step of the project, the teams developed

a common framework to analyze documents and to use

that framework to compare themes and patterns that

emerged within and across regions. To this end, the full

research team developed a shared coding protocol to

analyze documents using the software NVivo. The pro-

tocol outlined critical variables of interest and pro-

cedures for classifying documents into broad predefined

categories. These variables included stakeholders’ con-

cerns about climate; the types of existing or planned

activities (adaptation or mitigation) occurring in each

sector; constraints or barriers related to planning or

implementation of activities; recommendations or pos-

sible solutions to address adaptation limits and barriers;

and the types of networks, key organizations, and in-

dividuals involved (e.g., climate information sources,

partnerships, and funding sources). Researchers from

the three teams participated in regular conference calls

and webinars to ensure that each team utilized the same

coding categories, although each team coded their in-

dividual documents separately. While this paper focuses

on the comparative needs and adaptive capacity related

to water resources in the three regions, the individual

RISA teams provide additional analysis regarding

region-specific capacities, networks, and needs in other

TABLE 1. Number of documents analyzed per RISA team.

RISA teams

CISA GLISA WWA

Geographical boundaries covered by RISA teams

North

Carolina,

South

Carolina

Great Lakes basin,

including all or portions

of Illinois, Indiana,

Michigan, Minnesota,

New York, Ohio, On-

tario, Pennsylvania,

Wisconsin

Colorado,

Utah,

Wyoming

No. of documents, by primary sector*

Agriculture n/a 25 1

Forestry 2 11 n/a

Municipal–regional

planning and management

15 17 n/a

Natural resources and

wildlife

5 18 10

Recreation and tourism 1 20 3

Tribes n/a 4 2

Water management 6 33 26

Multiple 17 26 13

No. of documents, by year

1997 2

1998 0 3

1999 0 0

2000 1 1

2001 2 0

2002 1 1

2003 3 2

2004 1 1

2005 2 3 0

2006 0 2 6

2007 1 6 7

2008 18 9 10

2009 8 9 11

2010 17 2 9

2011 1 4

Total 46 42 55

*GLISA used nonexclusive designations.
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reports (see Dilling and Berggren 2014; Dow et al. 2013;

Frank et al. 2012; Haywood et al. 2014; Lackstrom et al.

2014).

Our study is limited in that it focused only on docu-

ments, which by nature only reflect the point of view of

the documents’ authors. In addition, our sampling

technique may have missed some documents that were

not available online (Yin 2003). However, each docu-

ment does represent a snapshot in time of the discussion

or conclusions by a group of decision makers and can

point to larger patterns in thinking and action regarding

climate change impact.

4. Results

A potential increase in precipitation variability was

a common concern across all of the regions, but expres-

sions of information needs illuminated distinct regional

decision contexts. Here we present analysis of results

regarding these concerns and challenges. First, we briefly

discuss the ways in which regional socioecological pres-

sures interact with increased precipitation variability to

create unique water-related priority concerns and chal-

lenges. Second, we summarize and discuss how stake-

holders described the resources and capacities needed to

address climate variability and change in thewater sector.

a. Regional concerns about climate and water
resources

While all regions have experience with climate vari-

ability and have developed coping strategies to manage

extreme events such as drought, Fig. 1 demonstrates how

regional water-related concerns and priorities emerge

through the interaction of expected precipitation changes

with regional socioecological pressures. The documents

confirm that stakeholders from all three regions are ex-

pecting to experience direct impacts from increased

precipitation variability. These include changes in the

overall amount, timing, and form of precipitation, as well

as intensity of precipitation events. In all three regions,

stakeholders from several sectors, including agriculture

and forestry, natural resources and wildlife, and tourism

and recreation voiced their concern regarding the po-

tential negative impacts of related increases in hydro-

logical variability. However, what aspects of these overall

concerns (e.g., water quality or management challenges)

emerge as a priority within the documents of each region

reflects both the current and anticipated local–regional

manifestation of precipitation variability and the in-

teractions with the social, economic, and political con-

texts in which these changes are experienced.

As Fig. 1 outlines, in the Great Lakes region, in-

formation from the documents suggests that concerns

about future changes in snowpack are elevated by worry

that such changes will interact with modifications in ice

coverage on the lakes during the winter months. Ulti-

mately, while less ice coverage may increase winter

precipitation, less of this precipitation is expected to fall

as snow and more will melt before spring, changing

groundwater replenishment and agricultural runoff pat-

terns. As such, while concerns about depleting ground-

water reservoirs, agricultural runoff, and ‘‘dead zones’’

may not be unique to the Great Lakes region, they are

priority concerns in this region because of the specific

way in which precipitation changes interact with the at-

mospheric, geographic, and socioecological characteris-

tics of the region. Additionally, documents from the

GLISA region expressed major concerns about the po-

tential challenges changing precipitation patterns could

present to the economically vital shipping industry of the

Great Lakes, highlighting issues like shipping loads and

dredging costs as regional priorities.

Alternatively, coastal development and population

growth in the Carolinas over the past several decades

coupled with the ecological and economic impacts of

saltwater intrusion precipitated by drought and sea level

rise has led to growing concerns about water manage-

ment systems, public use and demand, and ecological

degradation due to hypersaline conditions in rivers. The

coastal tourism sector in this region is particularly con-

cerned about these impacts. Extreme hydrologic events

like drought, severe storms, and flooding are therefore

a priority concern for water supply and utility managers

in the Carolinas who are responsible for maintaining

storm water infrastructure and ensuring water quality.

In addition, the documents also point out other sectors

of concern, such as business, tourism, and natural re-

sources along the coastal area, where leaders and man-

agers are charged with mitigating the impacts of

saltwater intrusion.

Finally, the WWA region comprises most of the upper

Colorado River basin and the headwaters for the entire

Colorado River basin. Like the GLISA region, climate

change is expected to lead to reduced snowpack and

earlier snowmelt, which in turn could reduce overall flows

of the Colorado River over the next several decades.

Such flow reductions, when combined with increasing

demands, could contribute to a supply and demand im-

balance of 3.2 million acre-feet by midcentury (Bureau of

Reclamation 2012). It is important to note that this is at

the basin scale, and regional and local impacts could vary,

but it does illuminate the growing recognition of the

nonstationarity of climate. As a consequence, there is

a focus in the documents on the development of policies,

management systems, and mitigation procedures to ad-

dress this potential supply–demand imbalance.

JANUARY 2015 D I L L I NG ET AL . 9



b. Stakeholder expressed needs

Data from the documents suggest that stakeholder

needs fall under three broad themes: first, improved

information and decision support under uncertain social–

political and climatological conditions; second, gov-

ernance issues, including coordination among data

providers and stakeholders as well as enabling policies,

legal frameworks, and planning processes to support

mitigative or adaptive action; and third, better com-

munication and education about climate change to di-

verse groups and interests. However, not all of these

needs were explicitly articulated in the context of cli-

mate. Instead, stakeholders discussed many of these

needs within broader concerns about sustainability,

responsible resource management, and proactive

planning. Each region reflected real differences in the

specific needs expressed (see Table 2). As noted in

FIG. 1. Regional concerns about potential climate impacts.
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Fig. 1, these needs stem from the unique concerns that

each region has and may help illuminate where the

capacity to mitigate or prepare for climate impacts may

be missing.

One set of needs revealed by the stakeholder docu-

ments relates to improving biophysical and climato-

logical information and resource management decision

support. First, documents from all three regions rec-

ommended efforts to improve ‘‘baseline’’ climate and

hydrological data. Such data could be used to monitor

local impacts, track long-term change, and inform wa-

ter management and climate change adaptations such

as water budgets and in-stream flow requirements.

Document authors noted that such efforts can also

improve overall understanding about the current pro-

cesses that influence climate sensitivities and help in

identifying climate change indicators and monitoring

strategies for how impacts are unfolding locally in or-

der to guide future decisions. In addition, improving

monitoring, mapping, and modeling tools and identi-

fying the thresholds where resource systems are at risk

of disruption are needed to help inform risk assess-

ments and water management decisions at the regional

and community levels.

TABLE 2. Stakeholder needs.

CISA GLISA WWA

Improved understanding of current processes influencing climate sensitivity

Current resources and

withdrawals, environmental

needs and conditions

Modeling of hydrological processes

that influence lake levels, water

availability, and quality

Ecosystem health, groundwater

supplies, and the historic and

current connections between

hydrology and climate

Monitoring and data collection

Streamflow, water use and

withdrawals, groundwater,

coastal water levels and tides

Groundwater, sediment transport,

local impacts, clear climate change

indicators

Streamflow, snowpack,

sediment transport

Integration of information

Integration of existing monitoring

and measurement networks

(e.g., sea level rise, storm surge,

tides, water flows, and water quality)

throughout the coastal system

Better integration of climate

change into existing models;

integration of cost–benefit

analyses into scenario planning

Scenarios that incorporate user-

driven research and other

variables besides hydrology

and climate (e.g., water rights)

Legal frameworks

Comprehensive system of water

management (e.g., water allocation

and withdrawal permitting, assessment

of availability, efforts to enhance water

use efficiency and water quality)

Integration of climate change

into regional agreements (e.g.,

the Sustainable Water Resources

Agreement and accompanying Great

Lakes Compact, the Great Lakes

Water Quality Agreement)

Assessment of climate change

implications for existing water

rights system

Availability of resources and supportive policies

Financial, staffing, and technical resources

to implement programs, research,

data collection, and information sharing

Mainstreaming climate information

into everyday planning and management

decisions

Adaptation policies,

comprehensive flexible plans

to facilitate response to future

uncertain conditions

Collaboration

Across and within management

levels and agencies

Across jurisdictions, eight U.S.

states, and two Canadian provinces

Between researchers and managers,

planners and managers; centralized

clearinghouse for climate

information and projects

Communications, education, and awareness

Communication with decision makers

on the potential effects of climate

change on water resources, the tools

and strategies that could be used to

address those effects, and the value of

continued investment in water-related

projects and research to the

public and policy makers

Better understanding of how to

communicate complicated information

to the general public and how

to integrate climate change communication

into public agencies’ ongoing outreach

research

Importance of drought management

and water conservation among

the public, make apparent the

connection between water supply and

climate change to the public at large

JANUARY 2015 D I L L I NG ET AL . 11



Documents also articulated frustration that the lack of

understanding about the potential impacts of climate

change on regional water resources and priorities con-

tributes to an uncertain decision-making environment

with regards to water allocation, treatment, and in-

frastructure needs. Stakeholder documents discussed

dissatisfaction with having inadequate understanding

about which climate change information to use and

about how to integrate that information into existing

management and decision-making processes. Many of

the WWA documents discussed climate change models

as important to planning efforts, but they also noted

uncertainty problems and issues of scale. The challenges

of downscaling climate information (Fowler et al. 2007),

and understanding how best to use it in practice

(Barsugli et al. 2013), are well known in the literature

and reinforced by our document study. For example,

differences between downscaled projections for differ-

ent parts of the Great Lakes region (e.g., midcentury

seasonal precipitation projections for the area between

Ontario and Wisconsin) demonstrate how climate

change will vary from place to place. Similarly, docu-

ments noted that the complex topography of the WWA

region contributes to the uncertainty of downscaled

climate projections, especially at the local level. In the

Carolinas, climate models do not agree on the direction

or magnitude of precipitation change. Differences in

model output make it difficult for end users to in-

corporate modeling into planning for future water use–

demand scenarios.

GLISA documents expressed an interest in struc-

tured decision-support processes that would assist the

regional stakeholders with making the most of having

imperfect climate projections. Similarly, in the WWA

region, water managers called for help in identifying or

developing relevant tools for decision support, such as

climate change–specific training programs. Further,

assistance in evaluating climate projections to be used

for water supply planning was discussed as important,

given the range of (and uncertainty in) climate pro-

jections for the region. SeveralWWAdocuments noted

the importance of improved scenario planning, the

need for support and guidance regarding what in-

formation should be incorporated into local scenarios,

and how uncertainty should be represented. Docu-

ments from the Carolinas did not indicate specific use

of climate projections or scenario planning but did

express the need for public communication, decision

making, and planning-oriented tools like facilitation

guides or easy-to-understand visual aids. Document

authors expressed that these tools, as well as in-

formation about best management practices and local

case studies, can be used to discuss climate models and

assumptions in a nontechnical format with the public

and policy makers. Finally, documents also cited

guidance about and development of methods to in-

tegrate various types and sources of information (in-

cluding socioeconomic data, water availability and use

information, cost–benefit analyses, and regulatory and

legal requirements) into climate-related planning pro-

cesses as a key need across the regions. For example,

CISA documents generally discussed how increasing

demands for variable and uncertain water supplies may

have substantial economic and financial ramifications

and may contribute to future competition and conflict

over water resources.

A second set of needs focused on the policies, in-

stitutions, and other factors that can either enable or

constrain the ability of regional stakeholders to address

and adapt to climate impacts on water resources. The

legal frameworks that govern water management vary

significantly across the study regions, thereby shaping

how stakeholders articulated the potential opportunities

and needs associated with water resources adaptations.

For example, climate change may complicate agree-

ments negotiated between the Great Lakes states and

Canadian provinces formanaging their water supply and

protecting degraded ecosystems. In the Carolinas, the

lack of a comprehensive water allocation permitting

system and set of water use standards contributes to

conflicting water-related practices and programs as well

as limited opportunities and incentives to adopt new

management strategies or tools. In the WWA region,

water is allocated through a complex system of rights

dating back to the 1800s. Documents reflected the sig-

nificance of regional water law in their emphasis on the

need to understand the impact of changes in the amount

and timing of precipitation for the allocation of water.

Furthermore, the availability of water impacts legally

mandated protection of endangered species, compli-

cating the task of water allocation decision making un-

der uncertain conditions.

Needs for supportive policies, availability of resources,

and enhanced collaboration were additional themes that

emerged across all three regions. However, regional doc-

uments demonstrated nuances in how stakeholders artic-

ulated specific needs. Great Lakes regional documents

consistently expressed a desire for assistance with main-

streaming, that is incorporating climate information in

current decision and policymaking rather than developing

stand-alone climate policies (Bierbaum et al. 2013; Kok

and de Coninck 2007). They also expressed an interest in

developing cost–benefit analyses, especially ones targeted

to potential adaptation decisions. In the Carolinas, docu-

ments indicated that a lack of resources constrains not

only the ability of watermanagers to exploremanagement
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options under various future climate and use–demand

scenarios but also the implementation of any proposed

measures to mitigate or adapt to climate change. Docu-

ments from both the Carolinas and WWA regions ex-

pressed a need for comprehensive and flexible plans to

facilitate responses to future variable and uncertain con-

ditions and contingencies.

Interjurisdictional collaboration on monitoring and

managing climate change impacts is a high concern in

the Great Lakes region, where resources are shared

across an international border, eight U.S. states, and

two Canadian provinces. In the Carolinas, documents

stressed the need to identify state and local agency roles

and responsibilities, coordinate actions across agencies

and organizations, and support regional or watershed

approaches to water management in order to address

the lack of integration across water programs and issues

associated with uncoordinated data collection. WWA

documents reflected a similar need to coordinate and

collaborate among all of the various activities underway

in that region. The sharing of data, coordination be-

tween scientists working in the region, and perhaps even

a ‘‘clearinghouse’’ activity that would serve as a cen-

tralized source of information and analysis from various

entities were identified as solutions that would help in

this area.

A third set of needs common throughout the three

regions related to the communication of climate change

information. Recommendations focused on providing

education about climate change impacts and improving

understanding of the processes and methods through

which climate information can be most effectively de-

livered to a variety of audiences. For example, in the

Great Lakes region, documents pointed out a need to

reframe the public’s understanding of the role of sci-

ence, as stakeholders felt that science is sometimes

perceived solely as a source of answers, rather than as an

ongoing process; also, impacts need to be framed into

factors or indicators that are tangible and relevant for

the public. In contrast with other needs described above,

communication and education activities are explicitly

connected to climate and strive to increase awareness of

climate change among the public and policy makers.

Implicit in the documents is the idea that improved

awareness of the connections between climate andwater

resources will contribute to greater support for climate

adaptations and allocation of resources to support water

management.

5. Summary: Diverse contexts, common needs

Decision makers at all levels have already been

strongly engaged in discovering and expressing their

climate-related needs in a wide variety of venues in the

three regions studied, although not all regions had the

same level of engagement with climate change as a spe-

cific topic. The nature of the climate discussion is differ-

ent in each region, reflecting the different political, social,

environmental, and experiential processes at work in

each region. For example, in the WWA and Great Lakes

regions, the impacts of both climate variability and cli-

mate change on water resources were vigorously dis-

cussed in the analyzed documents, whereas in the

Carolinas, discussions involving climate mainly focused

on extremes, seasonal variability, and coastal flooding. In

all three regions, however, crisis events such as droughts,

saltwater intrusion, or dropping lake levels seemed to

bring greater attention to and engagement with the role

of climate in water management.

Despite the different climate signals and conversations

evident in the study regions, we found that the climate-

related needs expressed by stakeholders fit into three

overarching categories of needs: 1) data and information;

2) coordination, governance, and legal frameworks; and

3) communication and education.We highlight here some

of the findings within these themes that are robust across

regions and have strong implications for the provision of

climate services. The final sections discuss some of the

questions about the provision of climate services raised by

diverse regional contexts.

a. Common needs across regions

1) BETTER DATA ABOUT THE HERE AND NOW

Concerning data and information, while climate

change will have significant impacts on water resources,

scenarios of future change are only one type of in-

formation that stakeholders lack for making improved

decisions. To better manage water resources, stake-

holders mentioned the need for better data on the

existing water system, including additional hydrologic,

groundwater, and sediment monitoring, as well as more

accurate, real-time, accessible withdrawal and con-

sumptive use data. Such data do not rely on projecting

the future, but rather imply a need to better instrument

and monitor our existing supplies and demands. Un-

fortunately, support for baseline monitoring is eroding

in some regions rather than increasing (Dilling and

Berggren 2014; USGS 2013). In such an environment,

all regions highlighted the need for different entities

to coordinate and collaborate in collecting data, dis-

seminating research results, and sharing the costs and

responsibilities for monitoring efforts. Furthermore,

climate concerns were frequently expressed in terms

of how climate interacts with (or might interact in the

future, under climate change) other stressors, processes,
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and conditions to produce adverse impacts (e.g., pop-

ulation growth, development, and land use change). Ac-

cordingly, efforts to collect and interpret data on the

hydrological impacts of climate variability and change

need to include additional factors that take into consid-

eration the socioecological context in which such impacts

are experienced and responded to such as land use reg-

ulations and planning, water governance measures, spe-

cies protection laws, energy generation, public revenue

models, and the like.

2) RECEPTIVE LEGAL FRAMEWORKS AND

SUPPORTIVE GOVERNANCE

As has been previously discussed, both the knowl-

edge generation aspect of the science–policy–practice

interface and the decision-making context itself can

serve as barriers to the effective use of information and

to building adaptive capacity (Dilling and Lemos 2011;

Eakin et al. 2011; Weichselgartner and Kasperson

2010). Stakeholders in the study regions clearly ac-

knowledged that gaps in the knowledge and data gen-

eration enterprise are important and that opportunities

for better coordination of the substantial resources may

already be available. However, the structure of existing

governance and legal frameworks that influence water

use, treatment, and allocation is also a major barrier.

These structures can constrain stakeholders’ ability to

integrate existing knowledge of water and climate

variability, not to mention climate change projections,

into better decisions. In some cases, lack of financing

for alternatives, support for mainstreaming climate

into existing decision processes, and resources for ad-

aptation plans contributed to the inability to improve

management decisions. Decisions about legal frame-

works, mainstreaming climate, and new methods for

allocating water take place in venues often distant from

the local decision makers and resource managers who

use and need climate information to make a variety of

operational and planning decisions (Kiparsky et al.

2012; Pahl-Wostl 2009).

3) ENHANCED PUBLIC COMMUNICATION

The need for better sharing of information among

regional information providers and boundary organiza-

tions was another robust finding, especially in areas

where stakeholders had been discussing climate impacts

on water resources for over a decade. The challenge of

communicating to the public the implications of climate

for water resources and planning in both the near and far

termwas also a consistent theme across regions [echoing

findings on drought communication more broadly, e.g.,

Steinemann (2014)].

b. Improving climate information provision in
diverse contexts

Through this project, the authors sought to use

existing documents (e.g., previous assessments and

similar efforts) to develop a baseline understanding of

decision makers’ climate concerns and needs within

three U.S. regions. Our experience and combined data-

bases suggest that reviewing previously expressed

needs, whether through document analysis or alternate

methods, is a good first step for understanding the

climate-related challenges and capacities of stake-

holders in a region. This project also raises important

questions regarding how to most effectively and effi-

ciently build adaptive capacity for climate change and

variability, especially at the knowledge–practice in-

terface and given the range of concerns and needs

identified by decisionmakers. Here we highlight some of

the challenges associated with closing the usability gap

(Lemos et al. 2012) and suggest some possible oppor-

tunities to advance our thinking about managing the

science–policy–practice interface.

1) ACKNOWLEDGE CONSTRAINTS BEYOND THE

DATA AND INFORMATION ARENA

A comprehensive understanding of the full suite of

constraints and opportunities that exist within a given

decision-making context is important for information

providers operating in the complex and ever-changing

environment that is climate adaptation decision making.

Stakeholders expressed a wide variety of needs for

climate-related information across a wide range of sec-

tors. It is clear that stakeholders also are looking for

increasing interactions with information providers so

that the needs can be met with the most timely and

relevant data.

However, judging by the range of climate-related

needs expressed by stakeholders that went beyond

needs typically addressed by information providers, the

capacity to generate information and the ability to pro-

duce appropriate governance solutions may in itself not

be sufficient to lead to effective decision support. From

the consistent yet wide variety of needs expressed by

decision makers in these documents, it is fair to say that

the current ability to respond to climate variability and

change is still constrained in multiple ways (e.g., in the

way that existing regulations function, or limitations on

management options). Furthermore, climate change may

compound existing constraints and require engagement

with new challenges at different scales, for example,

stressors such as population growth, land use change, and

urbanization that are expected to interact with climate to

affect water resources (Berkhout 2012).
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2) LEVERAGE AND COORDINATE EXISTING

NETWORKS AND CAPACITIES

The fact that stakeholders enter a relationship with

information providers through particular trusted con-

nections and that those providers may only be able to

address a portion of the needs that stakeholders have in

meeting climate challenges may result in the creation

of different and sometimes parallel schemes to address

the gap between needs and ability to provide in-

formation [e.g., creation of networks, boundary orga-

nizations, and objects; for examples, see Dow et al.

(2013) and Lemos et al. (2014)]. One interesting

question that emerges from this research is, how do

decisionmakers’ abilities tomake effective climate-related

decisions depend on the collaboration and coordination

between information production and communication

and organizations that use information to improve

adaptive capacity? This analysis indicates that these

areas are not independent, and in some cases, are di-

rectly interdependent.

As a first step, all regions highlighted the need to co-

ordinate and collaborate in collecting data, sharing re-

search results, and integrating strategies and programs

for water-related decision making. This finding suggests

that while data and information are clearly lacking in

some areas, there are some opportunities for better co-

ordination of the substantial resources that are already

available in the regions. Moreover, this suggests that any

one organization providing a piece of the decision-

support puzzle must be more aware of who the other

players are and what they might provide. Many organi-

zations operating in this space have a limited mandate.

For example, while one organization may provide data

on streamflow, it probably has neither the mandate nor

the resources to install additional snowpack monitoring

stations. In an era when governmental organizations at

all levels are being challenged to operate efficiently

and eliminate redundancies, a necessary component of

effective decision support means creating a way to assess

assets, share information, and connect actors to the re-

sources that may already exist or to the most logical

home for new resources that might be needed. Un-

fortunately, individual organizations often do not un-

dertake such a clearinghouse role since they do not have

themandate or resources to do so, although theNational

Integrated Drought Information System (NIDIS) now

serves a key integrating function for disseminating

drought information and galvanizing warning systems.

3) EXPAND THE INTERFACE

To fully support the development of adaptive capac-

ity, there is also the need formechanisms to facilitate the

connection of decision makers to other types of orga-

nizations and networks and for them to be able to con-

nect among themselves (Bidwell et al. 2013). From

a science–policy perspective, this may point to the need

to focus energy on the interstices, the connections be-

tween nodes, and ways of facilitating rather than fo-

cusing only on the organizations themselves. For

example, some organizations are better positioned to

cope with and adapt to climate change than others be-

cause of institutional factors such as the types of guid-

ance documents in use and whether they allow for

flexible decision making (Farley et al. 2011; Roncoli

et al. 2012). What may be needed are processes to build

connections so that multiple aspects of stakeholders’

needs can be efficiently and effectively addressed. Vogel

et al. (2007, p. 351) suggest that the science–practice

interface should be viewed as ‘‘spider webs of connec-

tivity and exchange’’ or ‘‘a complex terrain that is best

described as a multilevel system of governance and

knowledge production among a range of actors engaged

in understanding and managing environment-society

interactions’’ (see also Cash and Moser 2000; Cash

et al. 2006; Weichselgartner and Kasperson 2010). A

smarter, more adaptive, and better-connected network

with a more diverse set of organizational actors may

produce more collective capacity to adapt than single

organizations acting alone, or worse, single organiza-

tions all scrambling to compete for the same parcel of

knowledge–action real estate.

6. Conclusions

Our analysis of documents from three regions of the

United States suggests that the way stakeholders de-

scribe their decision contexts and express their needs

related to climate may indicate that adaptive capacity

for climate in these regions is limited in some important

ways. The capacity of organizations in our regions to

effectively build and take advantage of decision-support

opportunities is often influenced by factors beyond the

supply of information, although information supply,

access, and usability can be limited as well.

These findings further suggest that it is important to

understand the nature of the system into which any one

organization is providing information, as some issues

are common across regions and other issues and needs

are regionally specific. Questions like those raised in

this research regarding the variables that shape climate

decision-support needs, the pathways through which

climate information is disseminated and utilized, and

the contextual factors that mediate the use of such in-

formation are of increasing significance for multilateral

efforts to build adaptive capacity. To further adaptive
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capacity, the connections between organizations and

their functional roles must be more deliberately illu-

minated and supported, while maintaining the fluidity

and agility needed throughout the knowledge–action

network as a whole. These efforts must also take into

consideration that the responsibility for increasing the

usability of science needs to be shared by researchers,

practitioners, and other stakeholders and forged through

their continuous interaction—which also can bring out

the tensions among different kinds of information and the

ability of different actors to use them (van Kerkhoff and

Lebel 2006). In this way, as needs emerge, they can be

more appropriately directed and gaps in the overall and

regional capacity to support decision making can be

identified.
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