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increases usability, this approach requires significant time and resources. Forming “bound-
ary chains”, linking complimentary boundary organizations together, may reduce those
costs. In this paper, we use longitudinal observations of a boundary chain, interviews
and surveys to explore: (1) how producer-user interactions increase understanding and
information usability and (2) if and how efficiencies in climate information production,
dissemination and use arise as a result of the boundary chain. We find that forming and
sustaining an effective boundary chain requires not only interest, commitment and invest-
ment from every link in the chain but also a level of non-overlapping mutual dependency
and complementary skill sets. In this case, GLISA’s strength in producing scientific informa-
tion and their credibility as climate scientists and HRWC's strengths in facilitation, connec-
tion with potential information users, and their recognition and reputation in the
watershed add value to the boundary chain enabling the boundary chain to accomplish
more with greater efficiency than if each organization in the chain tried to work indepen-
dently. Finally, data show how the boundary chain increased efficiencies in educating
potential users about the strengths and limitations of climate science and improving the
production, dissemination, and use of climate information.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

One of the most pressing environmental problems society faces today is climate change. Projected climate change
induced impacts are wide ranging from increasing flooding and more frequent and intense storms to acidifying oceans
and rising seas (Melillo et al., 2014). Adapting to these impacts requires the production and use of climate change science
to inform adaptation decisions. Yet, while climate research continues to advance rapidly, the actual use of climate science
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to inform adaptation decisions has advanced more slowly (Lowrey et al., 2009; NRC, 2009, 2010; Rice et al., 2009; Kirchhoff,
2013). Recent research suggests that when use does happen it is typically in the context of a boundary organization
(Kirchhoff et al., 2013a,b; Lemos et al., 2014; McNie, 2013). Boundary organizations facilitate the use of science by sustaining
interactions between science producers and users and stabilizing the science-policy interface (Guston, 2001; Kirchhoff et al.,
2013a). While we know in general terms that interaction in the context of boundary organizations improves climate infor-
mation use, we do not yet know much about the specifics of how and why that occurs. For example, we do not yet fully
understand how interactions shape producers’ understanding of users’ information needs or users’ understanding of climate
information or exactly how user input helps producers customize climate information to fit particular decision needs.

While boundary organizations improve climate information usability, reliance on traditional boundary organization
approaches that employ intensive scientist-user interactions is challenged by constraints (e.g., time and staff for both scien-
tists and users to sustain interactions) (Dilling and Lemos, 2011; Kirchhoff, 2013). Moreover, as the demand for climate infor-
mation increases, sustaining or expanding one-on-one producer-user relationships critical to usability may overwhelm the
availability of a limited group of climate information producers (or brokers) to meet the informational demands of an
ever-expanding pool of potential users (Bidwell et al., 2013).

Recent scholarship suggests a strategy for overcoming these challenges is to create a boundary chain—joining a minimum
of two complementary boundary organizations together to collaborate, share costs and pool resources (Lemos et al., 2014, p.
274). In theory, boundary chains reduce workloads and risks for each individual organization making the provision of usable
information more efficient (Lemos et al., 2012, 2014). While boundary chains hold promise, scholars have not yet examined
fully the nature of potential efficiencies (or other benefits) that may develop for climate information producers or their part-
ner organizations as a consequence of forming the boundary chain. Moreover, while we know more about the climate pro-
duction part of the chain (e.g., through study of the National Oceanic and Atmospheric Administration (NOAA)-funded
Regional Integrated Sciences and Assessments (RISAs)), we know much less about other types of boundary organizations that
may form complimentary links in the boundary chain (e.g., various non-governmental organizations that have closer ties to
climate information users such as watershed groups). In particular, less is known about other organizations’ motivation to
form the boundary chain or how they or their stakeholders benefit as a result. In addition, we know very little about potential
“carry-over” effects that may aid climate information dissemination and use (e.g., users working outside the boundary chain
to explain climate information to others within their own organization or to share climate information widely).

In this article, we explore the interactions between climate information producers and potential users in the context of a
boundary chain to illuminate how interaction shapes information, perspectives, and actions of participants (scientists, users,
intermediaries) within and beyond the boundary chain and how and what efficiencies develop as a result of these strategic
partnerships. We draw on longitudinal data collected over a period of two years (2011-2012) comprised of detailed meeting
notes, interviews, and participant observation of interactions between two boundary organizations that form a boundary
chain: (1) the Great Lakes Integrated Sciences + Assessment (GLISA), a consortia of climate science producers and brokers,
and (2) the Huron River Watershed Council (HRWC), a non-governmental organization with ties to potential climate
information users in the Huron River watershed in Southeast Michigan, USA. We also draw on a survey of HRWC stakehold-
ers and the experience and insights of the two key boundary spanners in the boundary chain: the GLISA climate information
producer/broker (Daniel Brown) and HRWC’s boundary spanner/information broker/facilitator (Rebecca Esselman).

In the following sections, we review the literature on boundary organizations and climate information usability and
discuss GLISA, HRWC, and the development of the boundary chain. Next, we review our research methods and discuss
our results. Finally, we offer some concluding thoughts.

Boundary organizations: bridging science and application

The idea of a boundary between science and society and the subsequent development of the concept of a boundary orga-
nization stems from 1960s philosophers of science. In the 1960s and 1970s, philosophers of science struggled to articulate
the boundaries of scientific activities from non-scientific ones (Popper, 1965) by primarily trying to institutionalize scientific
norms (Merton, 1968). In the 1980s, Gieryn (1983) shifted thinking from focusing on the institutionalization of scientific
norms to the idea of “boundary work”. Gieryn (1983) defined boundary work as “the way scientists set their work apart from
non-scientific activities” and distinguish science from “non-science” (pg. 181-182). For Gieryn (1983), boundary work
enabled the establishment of a social boundary for science by dividing scientific activities from politics or policy.

In the 1990s, the increasing focus on developing knowledge for decision making along with the concomitant need to gird
against potential negative effects such as the politicization of science or “scienticization” of politics, necessitated more active
management of science-society interactions (Ehrlich and Ehrlich, 1996; Gieryn, 1995; Sarewitz, 2004). From this new
emphasis emerged boundary organizations that help to manage science-society interactions by creating a neutral setting
where science producers and users interact while maintaining both accountability (to science or to policy) and their own
separate identities (Guston, 1999; Lynch et al., 2008). In general, boundary organizations possess three characteristics: (1)
they involve information producers, users, and mediators; (2) they create and sustain a legitimate space for interaction
and stimulate the creation of products and strategies that encourage dialogue and engagement between scientists and
decision-makers; and, (3) they reside between the worlds of producers and users with “lines of responsibility and account-
ability to each” (Guston, 1999, p. 93).
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A large body of empirical research on boundary organizations especially that related to the production of usable climate
information shows that interactive research approaches improve knowledge usability (Bales et al., 2004; Feldman and
Ingram, 2009; Hansen, 2002; Kirchhoff, 2013; McNie, 2013). First, interaction between producers and users helps to increase
information use by bridging gaps created by cultural, behavioral and cognitive differences as well as differences in organi-
zational structure and composition (Carbone and Dow, 2005; Carlile, 2002; Moser, 2009; Nelson et al., 2002; Roncoli et al.,
2009). Second, interaction between scientists and users in a boundary organization context increases use and dissemination
of climate information among user networks (Roncoli et al., 2009) and it fosters building of trust, legitimacy, and capacity for
using the information in decision-making (Carbone and Dow, 2005; Kirchhoff, 2013; Lemos and Morehouse, 2005; McNie,
2013; Pagano et al., 2002). Third, sustained interaction shapes the information itself as scientists gain more knowledge of
how information fits users’ decision contexts (knowledge fit) (Lemos et al., 2012). For example, user’s may perceive informa-
tion as having poor fit if they believe the information is too uncertain to use or that it lacks the perceived level of accuracy
and reliability needed for decision making (Hartmann et al., 2002). Facilitating in-depth discussions about the information
itself, such as how stream flows are reconstructed from tree rings, positively influences users’ perceptions of fit and their
willingness to deploy the information (Rice et al., 2009). Users also benefit from producers’ explanations of choices,
trade-offs, and limitations of different kinds of knowledge/information. For example, in an Arizona decision simulation
experiment disclosing both data sources and assumptions helped policy makers evaluate model fit, influencing their percep-
tions of model usability (White et al., 2010). Finally, interaction also aids in improving knowledge interplay, how new knowl-
edge connects to other kinds of knowledge users already employ by helping users better integrate information in their
decision making (Lemos et al., 2012). For example, in their study of coastal managers in California, Tribbia and Moser
(2008) found that users needed help to successfully integrate scientific knowledge into practical management. Knowing
more about knowledge fit and interplay helps scientists to tailor information to user needs and operational contexts
(Cash et al., 2006).

While research on boundary organizations has progressed substantially over the last twenty years, much of what we
know about boundary organizations, interaction, and information use relies on retrospective observational studies that
are a once in time examination of whether information was used or not and why. There are no studies that we know of that
employ a longitudinal approach to examine how interactions between producers and users actually affects participants’
(scientists and users) perceptions and actions (within and outside the boundary organization context) over time or how
interactions change the information being developed. For example, without these studies we do not yet understand how
interactions improve producers’ understanding of users’ climate information needs and how to tailor information.
Moreover, we do not yet fully understand how interaction shapes users’ understanding of climate information.

Given the this emphasis on interaction to increase usability, one of the challenges boundary organizations face is the rel-
atively high transaction costs involved in sustaining ongoing boundary work (Kirchhoff, 2013; Kirchhoff et al., 2013a).
Organizational theorists argue that boundary organizations pursue “linking” strategies with outside actors to accomplish
organizational goals (Keller, 2010); in particular, linking strategies are employed when there are shared dependencies or
to secure resources (Pfeffer and Salancik, 1978). Recent scholarship on boundary organizations reflects a similar idea in the-
orizing that “boundary chains” or partnerships between two (or more) boundary organizations may make the goal of
providing usable information more efficient (Lemos et al., 2014). While this idea holds promise, research to date has yet
to examine the nature of potential efficiencies that develop as a consequence of bringing complementary organizations
together in a boundary chain. Moreover, much of the existing research on boundary organizations has focused on the per-
spective of the climate information producers (see for example, Bolson et al., 2013; McNie, 2013) not on those organizations
partnering with them. As a result, we know very little about what motivates partner boundary organizations (e.g., those with
established ties with potential climate information users) to link with boundary organizations that produce climate informa-
tion. That is we do not know how these partnerships benefit the partner organizations or their stakeholders and what
efficiencies develop as a result. This paper aims to address these gaps in the literature by examining a boundary chain formed
between GLISA and HRWC to understand how interaction shapes the information, perspectives, and actions of participants
(scientists, users, intermediaries) within and beyond the boundary chain and how and what efficiencies in climate informa-
tion dissemination and use develop as a result of this strategic partnership.

GLISA, HRWC, and the GLISA-HRWC boundary chain

Initially funded in 2010, GLISA serves potential climate information users in eight US states (Minnesota, Wisconsin, Illinois,
Indiana, Michigan, Ohio, Pennsylvania and New York) and one Canadian province as part of the network of 11 NOAA RISA pro-
grams across the United States. The NOAA RISA Program focuses on integrating physical and social sciences to inform the devel-
opment of usable climate information and decision support tools (Pulwarty et al., 2009). Specifically, the RISAs: “(1) advance
the understanding of policy, planning, and management contexts; (2) develop regionally relevant knowledge on impacts, vul-
nerabilities, and response options through interdisciplinary research and participatory processes; (3) innovate products and
tools to enhance the use of science in decision-making; and (4) test diverse governance structures for managing scientific
research (for more information see, http://cpo.noaa.gov/ClimatePrograms/ClimateSocietallnteractionsCSI/RISAProgram.aspx)
(Lemos et al., 2014, p. 275). As is common for RISAs, GLISA is both a broker of locally-scaled climate science and a producer of
climate information collaborating with potential information users to tailor and customize climate information.
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Unlike GLISA, HRWC enjoys a much longer history. The HRWC traces its origin to collaborative efforts to understand and
respond to the 1956 drought that severely impacted water supplies in Detroit, Michigan and the surrounding area (HRWC,
2013). The drought prompted urgent calls for an “intermunicipal entity” to guide coordinated planning and ongoing mon-
itoring of the health of the river (WRC, 1957, p. 143-144). This effort led to the creation of the Huron River Watershed
Intergovernmental Committee in 1958, the precursor organization to the HRWC. Passage of the Local River Management
Act in 1964 (MI Pl. 253) paved the way for the HRWC to become the first watershed council in Michigan in 1965 (HRWC,
2013). Today, HRWC brings municipalities from across the watershed together to tackle water management issues.
Specifically, HRWC provides water resource information, research services, and leveraging support to member governments;
advises and cooperates with state agencies to identify and resolve problems and needs in the watershed; and, engages in
education and stewardship activities in the watershed.

The GLISA-HRWC boundary chain came together in 2011 when HRWC partnered with GLISA on the Climate Resilient
Communities Project (CRCP). The CRCP aimed to both increase climate literacy and create actionable climate knowledge
to facilitate adaptation to local climate change impacts in the Huron River watershed. To accomplish these aims, the
CRCP brought climate scientists from GLISA together with three teams of approximately 8—-12 people in a series of meetings
(monthly for the first six months then quarterly thereafter) facilitated by HRWC staff. Meetings were designed to foster open
discussion, deliberation and collaboration around local climate impacts, the production of locally relevant climate informa-
tion, and the development of potential responses. The monthly discussions took place in three teams—water infrastructure,
instream flows, and natural areas management. Each team was comprised of team members who were familiar with HRWC
(e.g., through participation in other projects) and who had an interest in learning more about local climate changes, helping
to produce climate information, and using that information to build climate resiliency. Membership in each team differed.
The water infrastructure team was comprised of county drain commissioners and their staff, municipal floodplain managers,
municipal and university stormwater managers and engineers, and town and city engineers. The instream flows team
included representatives from academia, federal and state agencies concerned with inland waterways, and municipal and
city water managers and dam operators as well as county drain commission staff. Lastly, the natural areas management team
encompassed staff from land conservancies, municipal and county parks and recreation departments as well as urban for-
estry and land management and restoration professionals. While the original CRCP project concluded in 2012, the
GLISA-HRWC boundary chain has continued collaborations on hazard mitigation planning and other activities driven by
HRW(C'’s larger watershed resiliency goals.

Materials and methods

Data was collected through a longitudinal observational study of interactions between stakeholders participating in the
Climate Resilient Communities Project, climate scientists from GLISA, and facilitators from HRWC over an two year period
between 2011-2012. In addition to observing interactions at a series of monthly meetings, four in-depth interviews were
conducted with key participants at each boundary organization including climate information brokers at GLISA and meeting
facilitators at HRWC. Climate brokers were asked about their interactions with HRWC and stakeholders, the origins of and
motivation for the GLISA-HRWC partnership, and the production of climate information. HRWC staff were asked about the
origins of and motivation for the GLISA-HRWC partnership, interactions with GLISA, interactions with stakeholders, and the
production of climate information. Finally, we include results from a survey of participants drawn from the original 2011-
2012 series of meetings as well as more recent meetings (n = 17). The survey, disseminated via the web in 2014, included
questions about the length of participation, relevance and benefits of the CRCP for their jobs, learning about climate change
impacts and solutions, and dissemination and use of climate information.

Results and discussion
Forming the GLISA-HRWC boundary chain

Interest from their stakeholders and recognition that climate change may negatively impact both residents in the water-
shed and the health of the Huron River motivated the HRWC to pursue the CRCP. “The impetus for and crafting of the project
originated in conversations with people ... about climate-related risks and issues that are being observed in the Huron River
basin” (ISF meeting notes January 2012). For example, each fall, HRWC hosts a river round up on the banks of the Huron
River. According to HRWC staff, “.. .of the last seven round ups that we have had in the fall, the water’s been so high for five
of them that we can’t go to our big river sites” (HRWC interview 2011). Separately, through HRWC'’s water quality monitor-
ing program, staff also noticed higher, earlier flows in the fall. Historically, HRWC conducts monitoring from May to October
but several years of “.. .earlier snow melt and bigger flow events early in the year” as well as “seeing some of our biggest
storms in February and March* prompted HRWC to consider shifting their monitoring program to begin earlier in the season
(HRWC interview 2011). Taken together, these and other experiences with altered climate and flow patterns spurred HRWC's
interest in looking at climate trends to inform potential adjustments to existing programs and to help build resilience in the
watershed (HRWC interview 2011).
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While HRWC had interest in climate information and funding to work with stakeholders in the CRCP, HRWC did not actu-
ally have climate information at the ready; rather, HRWC needed a partner like GLISA to help them understand what climate
information was relevant to bring to their stakeholders. HRWC staff had “notions of what the audiences would be” and what
information they might need but their ideas about both the climate information needed and potential audiences for that
information changed over time (HRWC interview 2011). For example, early on HRWC thought they needed “some downscal-
ing efforts” for the Huron River watershed (HRWC interview 2011). Once HRWC and GLISA climate brokers discussed
downscaling in more detail, staff at HRWC realized “...we don’t really want downscaled climate models. We just want some
narratives. ..” about how climate is changing in the watershed (HRWC interview 2011). HRWC staff felt that climate models
with their coarse spatial resolution, complexity, and large uncertainties could potentially obfuscate the climate change con-
versation whereas, with narratives of potential climate change impacts, conversations could be more focused on impacts and
potential actions. The evolution of the development of climate information for the CRCP follows a similar pattern as that
observed among other GLISA partners (Briley et al., 2015). Iteration between HRWC, GLISA, and key HRWC stakeholders prior
to the start of the CRCP helped refine the narratives to be salient for watershed communities.

In addition to tangible outputs (e.g., narratives about climate change impacts in the watershed, climatologies, and
reports), the HRWC-GLISA partnership enabled HRWC staff to rely on the credibility of GLISA as climate information produc-
ers. According to HRWC staff, “dealing with GLISA and seeing. . .it’s a consortium. . .there’s a little bit more trust or credibil-
ity...then if it was just one scientist. . .there is a broader spectrum of scientists who are looking at the data” (HRWC interview
2011). Being a consortia and having “researchers coming to this project who already have established their credibility in this
area” (HRWC interview 2011) provided a solid grounding for GLISA as a credible climate information producer and an impor-
tant partner to HRWC in their effort to enhance climate literacy and build climate resilience in the watershed.

Improving user’s understanding of climate information and the limits of climate science

Interactions between a GLISA climate broker (hereafter GLISA or producer) and HWRC stakeholders’ (hereafter partici-
pants or users) in each of the three sector teams (Natural Areas (NA), Water Infrastructure (WI), and Instream Flows
(ISF)) helped to improve both users’ understanding of climate information and the limits of climate science. For example,
during the January meeting of the ISF team, dam operators discussed the challenge they face: to manage dams to reduce
flood risk while also maximizing power generation (ISF meeting notes January 2012). A local dam operator indicated that
while NOAA river flow forecasts helped him manage flows from recent rain events, having predictions about future rain
events and river flows in advance would improve dam operation allowing dam operators to optimize for both flood manage-
ment and hydropower production (ISF meeting notes January 2012). In response, GLISA noted that predicting statistically
meaningful changes in hourly-scale storm regimes, the associated changes in flow rates, and the resulting impacts on hydro-
power at a watershed scale lay beyond the capability of available climate science (ISF meeting notes January 2012). Also,
separately during meetings of the WI team, participants expressed a desire for better future hourly rainfall predictions to
aid in urban flood management, planning, and infrastructure design (WI meeting notes February 2012). A county engineer
put it this way, “.. .daily precipitation totals may not help much since it doesn’t really get at what is taxing the infrastructure
which are these short, very intense rain events that overwhelm the system” (WI meeting notes May 2012). In response, the
GLISA climate broker pointed out that projections of extreme events and changes in daily precipitation curves carry greater
uncertainty and require significantly more robust baseline observations compared to monthly averages (WI meeting notes
February-May 2012). In both examples, participants learned more about climate information and its limits through discus-
sions of the climate information they wanted, the capabilities of existing climate science for the region, and the capacity of
the workgroups to meet those needs.

While there was often a gap between what climate information users’ wanted and what climate science could produce,
the three teams often found adaptation actions that could be taken to improve resilience despite the lack of availability of
better climate information. For example, rather than better climate information, over a few meetings of the ISF team,
participants recognized that better communication between dam operators, more stream gauging, and schematics of how
the dams are operated currently, would actually do more to reduce flood risks today than waiting for better climate predic-
tions (ISF meeting notes, January—-March 2012). This realization shifted the focus of the ISF group towards more practical
actions (e.g., improving communications, funding additional stream gauges) to improve dam operations and to reduce flood
risks (ISF meeting notes, March 2012). Similarly, the WI team opted to focus their energies on efforts to improve green infras-
tructure adoption and to work with the state of Michigan to update existing design storm criteria for stormwater infrastruc-
ture to incorporate more recent weather station data (WI meeting notes March-May 2012). In all three workgroups, viewing
their respective elements of the watershed from a broad, long-term, systemic perspective helped identify adaptation efforts
that would reduce vulnerabilities to weather regardless of climate projections.

Improving information usability

In addition to exploring the limits of climate science, during the first seven months of the CRCP meetings for each
subgroup, the GLISA climate broker and participants discussed and critiqued area climatologies to improve information
usability. Climatologies provide a summary of current, locally-relevant climate conditions, along with historical trends
in seasonal and annual temperature and precipitation (for more information and example climatologies see
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http://glisa.umich.edu/resources/great-lakes-climate-stations). For example, participants in the three teams responded
positively to the narrative and graphics of the Ann Arbor, MI climatology noting that the climatology showed an overall
increase in precipitation confirming what participants experienced in the field (ISF and WI meeting notes May 2012).
While the overall response was positive, users made several suggestions to improve usability. For example, participants
indicated that early graphics depicting average daily temperatures and average monthly precipitation over the most
recent thirty year time period were less useful for decision makers. One participant noted that the Average Daily
Temperatures graphic (see Fig. 1, part a) “doesn’t add much” and that it might actually confuse users looking for a
particular extreme event that he or she experienced in the past (ISF meeting notes May 2012). Because each day is
an average of thirty years of temperature data for that day (or 30 years of precipitation data for each day (Fig. 1, part
b)), the extremes do not show up in the graphic. Based on this feedback, GLISA chose not to include the Average Daily
Temperatures and Average Monthly Precipitation graphics in the final climatologies.

GLISA-participant interactions also resulted in key changes in the metrics or thresholds that GLISA reports making the
data more relevant to decision making. For example, as standard practice, climate scientists (including GLISA) typically
report intense precipitation events in 1-inch or half-inch intervals and cold weather temperatures at or near 32°F (Kunkel
et al.,, 2013; Walsh et al., 2014). Yet, CRCP participants noted that these thresholds have limited value for decision makers.
For rainfall, thresholds of 1.25 and 1.75 inches of precipitation per day are more relevant because, when precipitation
exceeds 1.25 inches nuisance flooding tends to occur and, when rainfall exceeds 1.75 inches, green infrastructure gets over-
whelmed. For temperature, thresholds of 28°F to 43°F are preferable since decision makers are more concerned with subsur-
face temperatures for many infrastructure applications (e.g., road maintenance, salting requirements) (Jaffe and Woloszyn,
2014). These relatively small changes in precipitation and temperature thresholds helped GLISA adjust the information to
make it more relevant for decision making.

Beyond better metrics and thresholds, GLISA-CRCP participant interactions helped to inform the creation of visuals to
convey abstract climate impacts and trends in more concrete and relatable formats. For example, GLISA presented the
change in total annual precipitation in Ann Arbor, Michigan using the graphic shown in Fig. 2, part a. This graphic depicts
a dramatic 25% increase in precipitation for the most recent 30 year period from 1981-2010 as compared to the previous
30 year period from 1951-1980. While the change in total precipitation amount is dramatic, CRCP participants noted that
the change is difficult to grasp without a means to visualize the actual volumetric change. To make the change more tangible,
GLISA created informational graphics using the iconic University of Michigan stadium to illustrate the change in the volume
of stormwater over time (see Fig. 2, part b). This creative depiction of stormwater trends resonated with CRCP participants
and local decision makers helping GLISA engage with a broader audience.

Finally, results from a survey of participants provide a measure of how improving usability leads to use of climate
information. For example, an analysis of survey data shows that 25% of survey respondents report incorporating recommen-
dations from the CRCP into local planning documents and funding decisions. Similarly, approximately 40% of respondents
report incorporating recommendations and information from the CRCP into policies and programs. For example, one partic-
ipant said they are now integrating climate change information into landscape planning and education (NA participant #1
from 2012) while another indicated their agency’s new Forestry Plan incorporates climate change (ISF participant #1 from
2012).
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Fig. 1. (a) Graphic showing mean, maximum, and minimum temperatures for Ann Arbor for the period 1980 through 2010 (GLISA, 2012a). (b) Graphic
showing average monthly precipitation for the period 1980 through 2010 (GLISA, 2012a). The central lines indicate median values. The boxes indicate 75th
percentiles, and the whiskers indicate the 95th percentiles.
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Fig. 2. (a) Graphic depicting a 9-year moving average total annual precipitation trend for Ann Arbor, Michigan from 1900 to 2010 (GLISA, 2012b). (b) An
infographic prepared by GLISA showing how many University of Michigan Football Stadiums, a prominent local landmark, could be filled by the
precipitation that Ann Arbor now receives in a single year.

The boundary chain: efficiencies in climate information production, brokering and use

The GLISA-HRWC boundary chain enabled HRWC staff’s to learn more about the climate science and ultimately facilitated
HRWC staff’s assumption of a quasi-climate broker role. HRWC staff learned more about climate science from GLISA climate
brokers helping them to become “more comfortable” with the climate information co-produced for the CRCP (HRWC inter-
view 2011). At the start of the CRCP, climate science was just as unfamiliar for HRWC staff as it was for HRWC stakeholders.
Through the course of the CRCP monthly meetings, HRWC staff and stakeholders alike learned more about climate science
and modeling including its strengths and limitations. In particular, facilitating all three sector teams gave HRWC staff a much
broader and deeper understanding of climate science and climate trends for the Huron River watershed. As learning deep-
ened over time and as the project transitioned to a new phase post-2012, HRWC staff have assumed a quasi-climate broker
role disseminating climate information to new stakeholders outside of the original boundary chain. In some cases, GLISA cli-
mate scientists attended the events in a supporting role, while in other cases HRWC staff have brokered climate information
independently. While HRWC staff are not climate scientists, their knowledge of local climate change and trends gained
through the GLISA-HRWC boundary chain together with their reputation and name recognition in the watershed have
enabled them to assume a limited brokering role introducing relevant climate science to new audiences and expanding
opportunities for building resilience in the watershed. While HRWC'’s depth of climate science knowledge is limited having
GLISA as a credible climate science partner makes the arrangement workable.

GLISA also derives benefits from the GLISA-HRWC partnership such as more efficient recruiting. Typically, RISA’s develop
clients slowly through one-on-one interactions that build trust and upon which productive producer-user relationships
build over time (Lemos et al., 2012). As RISA’s become more well-known in a region, the burden on RISA scientists for
bringing in new clients lessens as clients begin to seek out RISA scientists on their own. In the Great Lakes region, GLISA
is still a relative newcomer (Bidwell et al., 2013; Lemos et al., 2014); as such, they are not well known as a source of climate
information. Not being independently recognized as a climate information producer could limit GLISA’s ability to broker
climate information more widely in the region. However, in establishing the GLISA-HRWC boundary chain, GLISA benefited
from HRWC’s widespread recognition, established reputation, and connections with stakeholders. Through the CRCP, HRWC
brought stakeholders to the table to not only learn about climate change and trends from GLISA but also to help GLISA tailor
and customize climate information for them (CRCP meeting notes 2012). In this way, HRWC took on the burden of recruiting
“clients” for GLISA and shortening the lead time to the establishment of productive iterative relationships with stakeholders
(CRCP meeting notes 2012). As the GLISA-HRWC partnership moves beyond the CRCP project, HRWC continues to interface
with and recruit new clients through their role as a quasi-climate broker aiding GLISA’s development of new clients.

In addition to more efficient recruiting of new clients, the GLISA-HRWC partnership helps GLISA be more efficient in cli-
mate information production. Typically, RISA’s tailor and customize climate information through one-on-one interactions
(Lemos et al., 2012). But, these one-on-one interactions require significant investment by RISA climate brokers to iterate with
each user to create usable information for specific decision needs (Kirchhoff, 2013). The GLISA-HRWC partnership enabled
GLISA to explore a new approach that involved not one-on-one relationships but rather a “one-to-many” configuration that
saves time and resources while still enhancing usability. The development of the Ann Arbor, Michigan climatology illustrates
this approach. Over a three month period from May to June, 2012, GLISA and participants in all three teams iterated the
climatology until it became more usable for decision making (ISF, WI, and NA meeting notes May-June 2012). Since partic-
ipants hailed from different backgrounds and worked in different fields, they offered a variety of perspectives and feedback.
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As a result of this diverse input and adjustments made by GLISA, the climatology serves the needs of a variety of potential
users. Thus, with the “one-to-many” approach facilitated by the boundary chain, rather than tailoring climate information
for individual users, the GLISA-HRWC partnership facilitated the production of climate information applicable to a wide
variety of users.

For HRWC stakeholders participating in the GLISA-HRWC boundary chain, benefits, such as learning about climate change
impacts and solutions accumulate, over time. For example, the longer stakeholders participate, the greater their knowledge
of local climate change impacts and solutions. On the one hand, survey results show that most new participants (those who
began participating in 2013 or in 2014) note their knowledge of local climate change impacts has slightly increased (3 out of
4 participants from 2013 to 2014) and their understanding of solutions to prepare for climate change impacts is only some-
what improved (n = 4). On the other hand, the majority of those who have participated since 2012 note their knowledge of
local climate change impacts has greatly to moderately increased (11 out of 12 participants) and 33% say their knowledge of
solutions is significantly better.

Besides learning more about climate change impacts and solutions themselves, participants (independent of the time
they have been involved in the partnership) share that knowledge and the climate information products they helped to
produce within their organization and networks. For example, 75% report discussing what they have learned through the
CRCP with colleagues at least occasionally while 75% went beyond discussions to sharing of climate information products
with four or more people. Discussions with colleagues encompass topics such as how climate information may have “appli-
cation to drainage ordinances” (WI participant from 2014) to broader discussions “of the project and outcomes with national
colleagues ...and Michigan colleagues as part of the Michigan Green Communities Network” (ISF participant #1 from 2012)
to sharing ideas “widely with other scientists within my agency” (ISF participant #2 from 2012). Similarly, sharing products
ranges from sharing reports and websites (ISF participant #3 from 2012, NA participant #2 from 2012) to referring others to
fact sheets and project recommendations (NA participant #2 from 2012). By sharing knowledge and information within their
organization and networks, CRCP participants create carry-over effects extending the benefits of the boundary chain to
non-participants. These carry-over effects further leverage the boundary chain aiding climate information dissemination,
improving climate literacy and building resilience without requiring additional organizational effort from either GLISA or
HRWC.

Conclusion

Insights from this work suggest that forming and sustaining an effective boundary chain requires not only interest, com-
mitment and investment from every link in the chain but also a level of non-overlapping mutual dependency and comple-
mentary skill sets. For the former, forming and sustaining the boundary chain fundamentally requires interest from each
organization in the chain to come to the table. In the case of the GLISA-HRWC boundary chain, this involves both GLISA’s
interest in fostering climate information usability among potential users of information, potential user’s interests in learning
about what climate information is available, and HRWC's interest in increasing climate literacy and building resilience in the
Huron River watershed. If both boundary organizations and users derive value from participating in the boundary chain, then
commitment and investment by every link in the chain helps sustain the ongoing partnership. Part of the value of the bound-
ary chain arises out of a mutual dependency and complementary skill set. In this case, the GLISA-HRWC boundary chain
builds on each organization’s strengths—GLISA’s strength in producing scientific information and their credibility as climate
scientists and HRWC’s strengths in facilitation, connection with potential information users, and their recognition and
reputation in the watershed. The complementary strengths reveal a dependency which, together with the strengths each
organization has, enables the boundary chain to accomplish more with greater efficiency than if each organization in the
chain tried to work independently. That is, HRWC depends on the availability of credible and trusted climate information
that they are not able to produce on their own, while GLISA depends on HRWC to bring potential users to the table ready
to learn about local climate trends and to aid in the development of actionable knowledge.

The GLISA-HRWC boundary chain proved to be efficient in educating potential users about the strengths and limitations
of climate science and improving the production, dissemination, and use of climate information. For example, survey results
showed how participants gained knowledge about climate change impacts and solutions over time while interviews and
observations of CRCP meetings revealed how HRWC staff’s climate knowledge also deepened over time. For participants
and HRWC staff, learning created opportunities for sharing information beyond the boundary chain. On the one hand, as par-
ticipants learned more and as climate information products were developed over time, they shared that information with
others in their organization and networks outside of the boundary chain. These actions further leveraged the boundary chain
aiding climate information dissemination, improving climate literacy and building resilience without requiring additional
organizational effort from either GLISA or HRWC. On the other hand, as HRWC'’s knowledge deepened, staff assumed a lim-
ited climate broker role sharing climate information with audiences outside the boundary chain. In assuming a quasi-climate
broker role, HRWC took on the burden of recruiting “clients” for GLISA, shortening the lead time to the establishment of
productive iterative relationships with a wide range of stakeholders outside of the original CRCP project. Finally, beyond
improved dissemination, the GLISA-HRWC partnership enabled GLISA to be more efficient in climate information production.
That is, interacting with a wide range of potential users simultaneously enabled GLISA to iterate climate information
increasing usability for a variety of users over a shorter period of time.



28 CJ. Kirchhoff et al./ Climate Risk Management 9 (2015) 20-29
Acknowledgements

We would like to thank the many knowledgeable professionals involved in the CRCP project for their time and commit-
ment without which this manuscript would not have been possible. We would also like to thank the National Oceanic and
Atmospheric Administration and Kresge Foundation for supporting this work.

References

Bales, R., Liverman, D., Morehouse, B., 2004. Integrated assessment as a step toward reducing climate vulnerability in the southwestern United States. Bull.
Am. Meteorol. Soc. 85, 1727-1734. http://dx.doi.org/10.1175/BAMS-85-11-1727.

Bidwell, D., Dietz, T., Scavia, D., 2013. Fostering knowledge networks for climate adaptation. Nat. Clim. Change 3, 610-611. http://dx.doi.org/10.1038/
nclimate1931.

Bolson, J., Martinez, C., Breuer, N., Srivastava, P., Knox, P., 2013. Climate information use among Southeast US water managers: beyond barriers and toward
opportunities. Reg. Environ. Change 13 (Suppl. 1), 141-151.

Briley, L., Brown, D., Kalafatis, S., 2015. Overcoming barriers during the co-production of climate information for decision making. Clim. Risk Manage. 9, 41—
49,

Carbone, G.J., Dow, K., 2005. Water resources and drought forecasts in South Carolina. J. Am. Water Resour. Assoc. 41, 145-155. http://dx.doi.org/10.1111/
j.1752-1688.2005.tb03724.x.

Carlile, P., 2002. A pragmatic view of knowledge and boundaries: boundary objects in new product development. Org. Sci. 13, 442-455.

Cash, D.W., Borck, J.C., Patt, A.G., 2006. Countering the loading-dock approach to linking science and decision making: comparative analysis of El Nino/
Southern Oscillation (ENSO) forecasting systems. Sci. Technol. Human Values 31, 465-494. http://dx.doi.org/10.1177/0162243906287547.

Dilling, L., Lemos, M.C., 2011. Creating usable science: opportunities and constraints for climate knowledge use and their implications for science policy.
Global Environ. Change 21, 680-689. http://dx.doi.org/10.1016/j.gloenvcha.2010.11.006.

Ehrlich, P.R., Ehrlich, A.H., 1996. Brownlash: the new environmental anti-science. Humanist 56, 21-25.

Feldman, D.L., Ingram, H.M., 2009. Making science useful to decision makers: climate forecasts, water management and knowledge networks. Wea. Clim.
Soc. 1, 9-21. http://dx.doi.org/10.1175/2009WCAS1007.1.

Gieryn, T.F., 1983. Boundary work and the demarcation of science from non-science: strains and interests in professional ideologies of scientists. Am. Sociol.
Rev. 48, 781-795.

Gieryn, T.F., 1995. Boundaries of science. In: Jasanoff, Sheila, Markle, Gerald E., Peterson, James C., Pinch, Trevor ]. (Eds.), Handbook of Science and
Technology Studies. Sage, Thousand Oaks, CA, pp. 393-443.

GLISA, 2012a. Ann Arbor, Michigan Historical Climatology. Draft dated April, 2012.

GLISA, 2012b. Historical Climatology: Ann Arbor, Michigan. Available at: <www.glisa.msu.edu>.

Guston, D., 1999. Stabilizing the boundary between U.S. politics and science: the role of the office of technology transfer as a boundary organization. Soc.
Stud. Sci. 29, 87-111.

Guston, D., 2001. Boundary organizations in environmental policy and science: an introduction. Sci. Technol. Human Values 26, 299-408.

Hansen, J.W., 2002. Realizing the potential benefits of climate prediction to agriculture: issues, approaches, challenges. Agric. Syst. 74, 309-330. http://
dx.doi.org/10.1016/S0308-521X(02)00043-4.

Hartmann, H.C., Pagano, T.C., Sorooshian, S., Bales, R., 2002. Confidence builders: evaluating seasonal climate forecasts from user perspectives. Bull. Am.
Meteorol. Soc. 83, 683-698. http://dx.doi.org/10.1175/1520-0477(2002) 083,0683:CBESCF.2.3.CO;2.

HRWC, 2013. History of HRWC. Retrieved on December 2014 from <http://www.hrwc.org/about/history-of-hrwc/>.

Jaffe, M., Woloszyn, M.E., 2014. An initial assessment of winter climate change adaptation measures for the City of Chicago. Sea Grant L. Policy J. 6, 5-25.
<http://nsglc.olemiss.edu/sglpj/vol6no2/2-JaffeWoloszyn.pdf>.

Keller, A.C., 2010. Credibility and relevance in environmental policy: measuring strategies and performance among science assessment organizations. J.
Publ. Admin. Res. Theory 20, 357-386.

Kirchhoff, CJ., 2013. Understanding and enhancing climate information use in water management. Clim. Change 119, 495-509. http://dx.doi.org/10.1007/
510584-013-0703-x.

Kirchhoff, CJ., Lemos, M.C., Desai, S., 2013a. Actionable knowledge for environmental decision making: broadening the usability of climate science. Ann.
Rev. Environ. Resour. 38, 393-414. http://dx.doi.org/10.1146/annurev-environ-022112-112828.

Kirchhoff, CJ., Lemos, M.C., Engle, N.L., 2013b. What influences climate information use in water management? The role of boundary organizations and
governance regimes in Brazil and the U.S. Environ. Sci. Policy 26, 6-18. http://dx.doi.org/10.1016/j.envsci.2012.07.001.

Kunkel, K.E., Stevens, L.E., Stevens, S.E., Sun, L., Janssen, E., Wuebbles, D., Hilberg, S.D., Timlin, M.S., Stoecker, L., Westcott, N.E., Dobson, J.G., 2013. Regional
Climate Trends and Scenarios for the U.S. National Climate Assessment. Part 3. Climate of the Midwest U.S. NOAA Technical Report NESDIS 142-3, 95 pp.

Lemos, M.C., Morehouse, B., 2005. The co-production of science and policy in integrated climate assessments. Global Environ. Change 15, 57-68.

Lemos, M.C,, Kirchhoff, C., Ramparasad, V., 2012. Narrowing the climate information usability gap. Nat. Clim. Change 2, 789-794. http://dx.doi.org/10.1038/
nclimate1614.

Lemos, M.C., Kirchhoff, CJ., Kalafatis, S.E., Scavia, D., Rood, R.B., 2014. Moving climate information off the shelf: boundary chains and the role of RISAs as
adaptive organizations. Wea. Clim. Soc. 6, 273-285.

Lowrey, ]., Ray, A., Webb, R., 2009. Factors influencing the use of climate information by Colorado municipal water managers. Clim. Res. 40, 103-119.

Lynch, A.H., Tryhorn, L., Abramson, R., 2008. Working at the boundary: facilitating interdisciplinarity in climate change adaptation research. Bull. Am.
Meteorol. Soc. 89, 169-179.

McNie, E., 2013. Delivering climate services: organizational strategies and approaches for producing useful climate-science information. Wea. Clim. Soc. 5,
14-26. http://dx.doi.org/10.1175/WCAS-D-11-00034.1.

Merton, R.K., 1968. The Matthew effect in science. Science 159, 56-63.

Moser, S., 2009. Making a difference on the ground: the challenge of demonstrating the effectiveness of decision support. Clim. Change 95, 11-21.

Melillo, J.M., Richmond, T.C., Yohe, G.W. Eds. 2014. Climate Change Impacts in the United States: The Third National Climate Assessment. U.S. Global Change
Research Program, 841 pp. http://dx.doi.org/10.7930/J0Z31W]2.

NRC, 2009. Informing Decisions in a Changing Climate-Panel on Strategies and Methods for Climate-Related Decision Support. National Academies Press,
National Research Council (NRC), Washington, D.C..

NRC, 2010. Advancing the Science of Climate Change. National Academies Press, National Research Council (NRC), Washington, D.C., 528 pp.

Nelson, R.A., Holzworth, D.P., Hammer, G.L., Hayman, P.T., 2002. Infusing the use of seasonal climate forecasting into crop management practice in North
East Australia using discussion support software. Agric. Syst. 74 (3), 393-414.

Pagano, T.C., Hartmann, H.C., Sorooshian, S., 2002. Factors affecting seasonal forecast use in Arizona water management: a case study of the 1997-98 El
Nino. Clim. Res. 21, 259-269. http://dx.doi.org/10.3354/cr021259.

Pfeffer, J., Salancik, G.R., 1978. The External Control of Organizations. Harper and Row, New York.

Popper, K.R., 1965. The Logic of Scientific Discovery. Harper & Row, 479 pp.

Pulwarty, R.S., Simpson, C., Nierenberg, C.R., 2009. The Regional Integrated Sciences and Assessments (RISA) program: crafting effective assessments for the
long haul. In: Knight, C.G., Jeager, J. (Eds.), Integrated Regional Assessment of Global Climate Change. Cambridge University Press, pp. 367-393.


http://dx.doi.org/10.1175/BAMS-85-11-1727
http://dx.doi.org/10.1038/nclimate1931
http://dx.doi.org/10.1038/nclimate1931
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0015
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0015
http://dx.doi.org/10.1111/j.1752-1688.2005.tb03724.x
http://dx.doi.org/10.1111/j.1752-1688.2005.tb03724.x
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0030
http://dx.doi.org/10.1177/0162243906287547
http://dx.doi.org/10.1016/j.gloenvcha.2010.11.006
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0045
http://dx.doi.org/10.1175/2009WCAS1007.1
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0055
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0055
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0060
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0060
http://www.glisa.msu.edu
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0075
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0075
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0080
http://dx.doi.org/10.1016/S0308-521X(02)00043-4
http://dx.doi.org/10.1016/S0308-521X(02)00043-4
http://dx.doi.org/10.1175/1520-0477(2002)083,0683:CBESCF.2.3.CO;2
http://www.hrwc.org/about/history-of-hrwc/
http://nsglc.olemiss.edu/sglpj/vol6no2/2-JaffeWoloszyn.pdf
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0105
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0105
http://dx.doi.org/10.1007/s10584-013-0703-x
http://dx.doi.org/10.1007/s10584-013-0703-x
http://dx.doi.org/10.1146/annurev-environ-022112-112828
http://dx.doi.org/10.1016/j.envsci.2012.07.001
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0130
http://dx.doi.org/10.1038/nclimate1614
http://dx.doi.org/10.1038/nclimate1614
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0140
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0140
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0145
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0150
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0150
http://dx.doi.org/10.1175/WCAS-D-11-00034.1
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0160
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0165
http://dx.doi.org/10.7930/J0Z31WJ2
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0180
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0180
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0185
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0190
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0190
http://dx.doi.org/10.3354/cr021259
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0200
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0205
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0210
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0210

CJ. Kirchhoff et al./Climate Risk Management 9 (2015) 20-29 29

Rice, J.L., Woodhouse, C.A., Lukas, J.L., 2009. Science and decision making: water management and tree-ring data in the western United States. ]. Am. Water
Resour. Assoc. 45, 1248-1259. http://dx.doi.org/10.1111/j.1752-1688.2009.00358.X.

Roncoli, C., Jost, C., Kirshen, P., Sanon, M., Ingram, K.T., et al, 2009. From accessing to assessing forecasts: an end-to-end study of participatory climate
forecast dissemination in Burkina Faso (West Africa). Clim. Change 92, 433-460. http://dx.doi.org/10.1007/s10584-008-9445-6.

Sarewitz, D., 2004. How science makes environmental controversies worse. Environ. Sci. Policy 7, 385-403.

Tribbia, J., Moser, S.C., 2008. More than information: what coastal managers need to plan for climate change. Environ. Sci. Policy 11, 315-328.

Walsh, J., Coauthors, 2014. Climate change impacts in the United States: the third national climate assessment. In: Melillo, J.M., Richmond, T.C., Yohe, G.W.
(Eds.), U.S. Global Change Research Program.

White, D., Wutich, A., Larson, K., Gober, P., Lant, T., Senneville, C., 2010. Credibility, salience, and legitimacy of boundary objects: water managers’
assessment of a simulation model in an immersive decision theater. Sci. Publ. Policy 37, 219-232.

WRC, 1957. Report on water resource conditions and uses in the Huron River basin. Michigan Water Resources Commission. Retrieved December 2014 from
<http://hdl.handle.net/2027/mdp.39015006792207>.


http://dx.doi.org/10.1111/j.1752-1688.2009.00358.x
http://dx.doi.org/10.1007/s10584-008-9445-6
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0225
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0230
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0240
http://refhub.elsevier.com/S2212-0963(15)00012-1/h0240
http://hdl.handle.net/2027/mdp.39015006792207

	Boundary organizations to boundary chains: Prospects  for advancing climate science application
	Introduction
	Boundary organizations: bridging science and application
	GLISA, HRWC, and the GLISA-HRWC boundary chain
	Materials and methods
	Results and discussion
	Forming the GLISA-HRWC boundary chain
	Improving user’s understanding of climate information and the limits of climate science
	Improving information usability
	The boundary chain: efficiencies in climate information production, brokering and use

	Conclusion
	Acknowledgements
	References


