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Abstract

Developing scientific information that is used in policy and practice has been a longstanding challenge in many sectors and
disciplines, including climate change adaptation for natural resource management. One approach to address this problem
encourages scientists and decision-makers to co-produce usable information collaboratively. Researchers have proposed
general principles for climate science co-production, yet few studies have applied and evaluated these principles in practice.
In this study, climate change researchers and natural resource managers co-produced climate-related knowledge that was
directly relevant for on-going habitat management planning. We documented our methods and assessed how and to what
extent the process led to the near-term use of co-produced information, while also identifying salient information needs for
future research. The co-production process resulted in: 1) an updated natural resource management plan that substantially
differed from the former plan in how it addressed climate change, 2) increased understanding of climate change, its impacts,
and management responses among agency staff, and 3) a prioritized list of climate-related information needs that would be
useful for management decision-making. We found that having a boundary spanner—an intermediary with relevant science
and management expertise that enables exchange between knowledge producers and users—guide the co-production process
was critical to achieving outcomes. Central to the boundary spanner’s role were a range of characteristics and skills, such as
knowledge of relevant science, familiarity with management issues, comfort translating science into practice, and an ability
to facilitate climate-informed planning. By describing specific co-production methods and evaluating their effectiveness, we
offer recommendations for others looking to co-produce climate change information to use in natural resource management
planning and implementation.
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Introduction

As climate change poses increasingly unavoidable threats to
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human and natural systems across the planet, there is an
urgent need for actions to help people, species, and eco-
systems adapt to those changes (IPCC 2022). Despite a
growing call for the consideration of climate change and its
impacts in natural resource management and conservation
practice, specifically, the use of climate-related information
in decision making and on-the-ground actions remains a
persistent challenge (Archie et al. 2012; Kemp et al. 2015).
The difficulty of developing scientific research and knowl-
edge that directly contributes to decision-making in policy
and practice is a long-standing problem in many sectors and
disciplines (Cook et al. 2013). Adding to the complexity of
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a general science “usability gap” (Lemos et al. 2012) are the
specific challenges of using climate-related research and
information. Hurdles that decision-makers commonly face
when attempting to integrate climate change into planning
processes include not knowing what climate information is
most relevant for particular issues (Barsugli et al. 2013),
challenges related to the availability, accessibility, salience,
credibility, and legitimacy of available information (Moser
and Ekstrom 2010), and perceptions that climate informa-
tion produced by the scientific community is not useful to
decisions (Archie et al. 2014; Kemp et al. 2015).

Information usability can depend on the extent and
quality of interaction between information producers and
users (Lemos et al. 2012). Bamzai-Dodson et al. (2021)
offer a spectrum of approaches to stakeholder engagement
that represents increasing levels of consultation with and
participation of information users; at the highest level, sta-
keholders are involved in making decisions about the
research. The authors suggest that there is no right or wrong
level of engagement, but that the engagement approach
should be aligned with project objectives, the decision
context, and the nature of relationships between researchers
and stakeholders. Stakeholder engagement is seen as critical
to the production of actionable climate science, enabling the
sourcing of research questions from practitioners and situ-
ating research and analysis within a broader planning or
decision-making process (Beier et al. 2017).

Co-identifying problems and needs are key components
of what some call “knowledge co-production” (Dilling and
Lemos 2011), which Norstrom et al. (2020, p. 183) define
as “iterative and collaborative processes involving diverse
types of expertise, knowledge, and actors to produce
context-specific knowledge”. It is a process of producing
usable information through collaboration between knowl-
edge producers and those who use knowledge to make
decisions (Meadow et al. 2015). Co-production differs
from a more contractual or consultative approach to sci-
ence in that research questions originate from stakeholders
instead of researchers, the relationship between researchers
and stakeholders is a two-way partnership, and their
interaction is continuous over time rather than discrete or
infrequent (Mach et al. 2020). Co-production efforts can
not only produce knowledge, but they can also build
capacity and social capital, create and strengthen networks,
and support the implementation of actions (Norstrom et al.
2020). Information producers and users discuss and
determine expectations and goals collaboratively from the
outset (Nel et al. 2016; Djenontin and Meadow 2018).
Problems and questions are defined together; data may also
be jointly collected and analyzed to co-create outputs
(Mach et al. 2020).

In a manual for co-production specific to weather and
climate services, Carter et al. (2019) indicate that
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intermediaries can be useful for connecting producers and
users of weather and climate information. Such inter-
mediaries may be organizations or individuals who have the
time and science and policy expertise and who can utilize
collaborative skill sets to apply science in a policy context
(Cash et al. 2006; Briley et al. 2015; Bednarek et al. 2016).
These “boundary spanners” work as science-policy inter-
mediaries by enabling exchange between the production
and use of knowledge to support evidence-informed deci-
sion-making in a specific context (Bednarek et al. 2018).
Boundary spanners can take many forms, including, for
example, agricultural extension agents that serve as inter-
mediaries between universities and farmers, research pro-
grams that are embedded within resource management
agencies, non-governmental organizations that facilitate the
flow of information between researchers and practitioners,
or collaborative partnerships that encompass information
producers and users (Safford et al. 2017). Boundary span-
ners use a wide-array of skills, drawing upon knowledge of
a particular scientific field, analytical skills to synthesize
multiple lines of research, familiarity with the policy or
decision-making context, communication skills for trans-
lating science, facilitation skills for coordination and
building collaborations, and also working behind the scenes
to connect research results and recommendations with
actual decisions (Williams 2002; Bednarek et al. 2016;
Jesiek et al. 2018; Goodrich et al. 2020). These skills can
also reduce some of the extra time and effort costs that can
be associated with knowledge co-production (Lemos et al.
2018).

Alongside growing interest in co-production approaches
to incorporating climate change information into sustain-
ability decisions, there have been calls for greater invest-
ment in evaluation of co-production processes, the use of
science that is produced, and the contributions of boundary
spanners (Wall et al. 2017; Posner and Cvitanovic 2019;
Norstrom et al. 2020). Evaluations of co-production efforts
are relatively rare (Lemos et al. 2018), although increasing
(see for example Hyman et al. (2022)). Evaluating co-
production can be challenging in part because of com-
plexities related to evaluating both the process and out-
comes; nevertheless, a range of metrics have been proposed
that cover several aspects of project context and design,
implementation, outputs, outcomes, and impacts (Wall et al.
2017). Outcomes and impacts criteria generally try to assess
information use (Dilling and Lemos 2011), which is often
categorized in terms of conceptual use (e.g., enhanced
knowledge base, incorporation into planning), instrumental
use (e.g., informed a new decision or action), or justification
use (e.g., provided a rationale for a decision that was
already made) (Pelz 1978; VanderMolen et al. 2020).
Greater documentation and evaluation of real-world co-
production case studies is needed to facilitate learning about
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what works well (or not); such information can feed back
into guidance on improving the actionability of knowledge
and science, including within the field of climate change-
informed natural resource management (Meadow et al.
2015; Beier et al. 2017; Lemos et al. 2018).

To address this need, we conducted a case study in which
scientists and natural resource managers collaboratively
developed and applied a process for the co-production of
climate-related knowledge that was designed to be directly
applicable to habitat management planning. We docu-
mented the specific methods used to implement this co-
production process and explored how the project led to
near-term use of co-produced climate information, while
also identifying salient, decision-relevant climate informa-
tion needs for future research. Using a case study approach,
we examined the following research questions in the course
of trialing co-production methods and evaluating outcomes:
1) How can knowledge co-production support near-term
decision-making while also identifying longer-term deci-
sion-relevant research needs? 2) In what ways can mixed
methods (i.e., interviews, surveys, participatory workshops)
and facilitation by a boundary spanner contribute to co-
production outcomes?

We document how the co-production process evolved as
it was co-developed with participating natural resource
managers and assess how the process supported the use of
co-produced knowledge and information. We found that the
co-production process resulted in several forms of knowl-
edge use—including the incorporation of information into
an agency habitat management plan—as well as a list of
climate-related research needs deemed useful to decisions
being made by natural resource managers. Participating
managers considered the boundary spanner to be a critical
factor in achieving outcomes and articulated characteristics
that contributed to the boundary spanner’s value. We offer
recommendations for applying and improving co-
production methods aimed at supporting climate-informed
natural resource management decisions.

Case Study Selection

We used a mixed-purposeful, opportunistic sampling
approach (Patton 2002) to identify an active natural
resource planning process led by an agency that was willing
to embed a co-production process as a trial for integrating
climate change into planning. Case study candidates were
identified by a previous research project during which fish
and wildlife managers at state agencies in the North Central
region of the United States (Colorado, Wyoming, Montana,
North Dakota, South Dakota, Kansas, and Nebraska) were
asked to identify upcoming decision-making or planning
opportunities for which climate change information would

be useful (Crausbay and Cross 2019). During those inter-
views, a manager from the Wyoming Game and Fish
Department (WGFD) indicated that the agency was inter-
ested in considering the effects of a changing climate in the
Wyoming Statewide Habitat Plan (SHP), slated for updating
in 2020. The SHP defines priorities for terrestrial and
aquatic habitat protection and restoration across the state;
the plan is used to coordinate conservation efforts within the
agency and with external partners, and inform internal
funding allocation decisions (WGFD 2020). Subsequent
conversations confirmed that the agency was interested in
partnering on a climate change planning experiment related
to the 2020 SHP update and willing to conduct the work in
a manner that would allow for learning about co-production
methods and outcomes. The team leading the co-production
process consisted of six staff at WGFD who were most
involved in the update of the 2020 SHP (hereafter “agency
core team” and also co-authors) and the lead author, who
served as a boundary spanner to help design and facilitate
co-production activities, shepherd the process, and connect
WGFD with climate researchers from outside of the agency
(hereafter “boundary spanner”). Two other co-authors
advised on co-production methods, observed one project
activity (a participatory workshop, described below), and
conducted the evaluation of the co-production process
independently from the agency core team and boundary
spanner.

Co-Production Approach

We followed the co-production cycle presented by Vincent
et al. (2018) which includes five steps: 1) Identify actors and
build partnerships; 2) Co-explore decision needs; 3) Co-
develop solution; 4) Co-deliver solution, and 5) Evaluate
(Fig. 1). We also embodied the co-production principles put
forth by Vincent et al. (2018): activities were co-designed
using an approach that was collaborative and inclusive (i.e.,
information users were included in all decisions about the
process), as well as flexible (i.e., methods were developed
and modified to best fit the needs of information users); and
the process was decision-driven (i.e., activities were
designed to provide input into the update of a specific
management plan), process-based (i.e., one stated goal was
to increase the familiarity of participating managers with a
process for doing climate change-informed planning) and
time-managed (i.e., we aligned activities with the schedule
for the SHP update).

We began the co-production process with tentative ideas
for methods to accomplish the steps in the cycle and
anticipated a mixed-methods approach that would combine
small and large meetings or focus group discussions, par-
ticipatory workshops, surveys, and semi-structured
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» Evaluate effectiveness of co-production
activities: [Online surveys; Semi-
structured interviews]

+ Assess use of co-produced climate

« Identify planning / decision opportunity [Semi-
structured interviews; Small group meetings]

« Establish shared goals of project [Semi-
structured interviews; Small group meetings]

1. Identify « Identify relevant management and climate

information: [Document analysis; Semi- 5. Evaluate Actors & Build experts [Semi-structured interviews; Literature
structured interviews] ’ Partnerships scan; Outreach to network of known climate
researchers]
Knowledge Co-

Production Cycle

4. Co-Deliver
Solution

* Apply co-produced climate
information in management
planning / decisions [Small
group meetings]

+ ldentify specific decisions and
discuss the decision context [Small
group meetings; Document review;
Focus group discussion]

2. Co-Explore
Need

3. Co-Develop

Solution

« Co-produce actionable knowledge on climate
changes, impacts, and climate-informed management
actions [Participatory planning workshop]

« Co-produce salient, climate-related research &
information needs for future management decisions
[Participatory planning workshop; Online survey]

Fig. 1 Knowledge co-production steps (green text, adapted from Vincent et al. (2018)), activities (bold text in boxes), and methods (italicized text

in boxes) used in this study

interviews. Method details were intentionally left open so
that the agency core team and boundary spanner could
collaboratively refine plans or develop new activities as
needed to meet the goals of the agency and its planning
process. For example, from the outset of the co-production
process, we planned on holding at least one participatory
workshop involving agency staff and external climate
researchers, and we expected the workshop design would
incorporate aspects of stepwise climate adaptation planning
approaches that the boundary spanner had used in previous
projects (e.g., Cross et al. 2012; Stein et al. 2014). The final
plan for the workshop, however, was determined jointly by
the agency core team and boundary spanner. All co-
production methods and protocols were reviewed and
approved by the Wildlife Conservation Society’s Institu-
tional Review Board as they were developed.

Co-Production Process—Methods and
Results

Given the iterative, collaborative nature of this work, we
present methods and results together to report how the work
was conducted and what the results were for the process at
various stages. As the project unfolded, the agency core
team and boundary spanner co-developed and refined the
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co-production activities. To support this collaborative
approach, the boundary spanner and agency core team met
regularly via video calls (~1-2 h per month throughout the
11-month project). In this section, we focus on the methods
and results for the parts of the co-production process where
information was co-developed and co-applied to inform
management planning (Steps 1-4, Fig. 1).

Identify Actors and Build Partnerships

The co-production process involved three activities that
served to identify actors and build partnerships: a) identi-
fying the planning or decision-making opportunity (descri-
bed in Case Study Selection), b) establishing shared goals
of the project, and c) identifying relevant management and
climate experts to participate in project activities. To iden-
tify shared goals for the co-production process, the
boundary spanner conducted 1:1 semi-structured interviews
with each member of the agency core team to ask them to
articulate what benefits they were hoping to gain from being
involved in the co-production effort focused on the 2020
SHP update, how they would describe success for the
project, what deliverables they were hoping to gain, how
they hoped the project would fit into the timeline for the
SHP update, and if they knew of any climate change
researchers (either within their agency or external) that were
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doing research that would be relevant to the SHP (see
Supplementary Materials 1 for shared goals interview pro-
tocol). The boundary spanner compiled individual respon-
ses to create a list of shared goals for the project, which the
agency core team and boundary spanner discussed and
honed on a group call. Final goals developed for this co-
production process included:

e Increase knowledge of and access to information on
climate change projections, impacts, and management
responses (including identifying management-relevant
gaps in knowledge);

e Increase familiarity with climate-informed planning
approaches;

e Improve relationships/networking with relevant climate
researchers;

e Incorporate climate change into the revised Statewide
Habitat Plan; and

e Advance and share learning on methods for linking
climate research with natural resource management
decision-making.

The agency core team identified relevant staff from
WGEFD to participate in co-production activities. To identify
climate researchers from outside of the agency who could
contribute system-specific, climate-related science and
knowledge to the co-production effort, the boundary span-
ner used a snow-ball sampling technique (Patton 2002) that
included a scan of scientific literature (i.e., peer-reviewed
studies and agency science reports), interviews with the
agency core team (described above), and informal con-
versations with climate change researchers in the region.
We ultimately recruited 12 climate researchers from federal
research agencies, universities, and non-governmental
organizations to participate in Steps 2 & 3 (see below),
most of whom described themselves as having experience
conducting applied science in partnership with end users.
The number of participating managers and biologists from
WGFD ranged from 28 to ~40 across the various co-
production steps and activities, as indicated below where
appropriate. Throughout the project, we tried to refrain from
characterizing participants as either “managers” vs. “scien-
tists” (Kolstad et al. 2019), but rather considered everyone
involved in the project to be “experts” who were con-
tributing relevant knowledge, expertise, and information to
the co-production process and products.

Co-Explore Need

This step focuses on understanding the management plan-
ning and decision-making context—in our case, the SHP
and management decisions that are informed by the SHP.
The boundary spanner reviewed the most recent version of

the plan and discussed the update process with the agency
core team over the course of several meetings (all held via
virtual video calls). We also held a video call between
members of the agency core team and external climate
researchers that were invited to participate in a climate
change planning workshop (part of Step 3: Co-Develop
Solution). At this meeting, WGFD staff described the
priorities and information included in the SHP and the
group brainstormed climate change issues likely to be of
concern to focal habitats in Wyoming (see Supplementary
Materials 2 for focus group discussion guide). This back-
ground on the planning and decision-making context for
WGFD informed the design of future co-production activ-
ities, including the format of the participatory workshop as
well as the climate change science that was gathered,
summarized, and presented at the workshop.

Co-Develop Solution

Driven by the project’s goals and WGFD’s priorities for the
SHP update, this step focused on bringing together climate
change researchers and WGFD managers to co-produce
knowledge about: a) climate change impacts of concern to
focal habitats (river, riparian, and wetland habitats); b) cli-
mate change-informed management actions of relevance to
the SHP; and c) salient, climate-related information gaps to
target with future research.

The core activity where management-relevant knowledge
on climate change, its impacts, and climate-informed man-
agement actions was co-produced was at a participatory
planning workshop (Cross et al. 2020). The workshop was
held virtually, due to COVID-19 health measures, and
included ~2h of presentations covering some of the latest
science on climate change and hydrological and ecological
impacts and then 10 h (spread out over 2 days) of interactive
workshop sessions. These interactive sessions created
opportunities for all participants (WGFD staff and non-
agency climate change researchers) to contribute knowledge
and ideas verbally and via shared online documents on
climate change impacts and vulnerabilities facing river,
riparian, and wetland habitats of importance to WGFD, and
climate-informed management strategies that could be
included in the 2020 update of the SHP. Attendee numbers
varied across the 3-day workshop but included 12 climate
researchers not affiliated with WGFD who gave presenta-
tions and/or participated in the interactive workshop and at
least 40 WGFD managers and biologists. Smaller breakout
sessions ranged from 6-15 participants and included a mix
of WGFD staff and external climate researchers. During
these sessions, workshop participants co-produced a list of
over 70 climate change impacts of concern to river, riparian,
and wetland habitats, and more than 75 habitat management
strategies and actions that could help to address climate
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change impacts on those focal ecosystems. The workshop
agenda, breakout session worksheets, and detailed results
are described in the final workshop summary report (Cross
et al. 2020).

To co-produce salient, climate-related research and
information needs for future management decisions by
WGFD, we used a combination of discussions at the
workshop and an online survey. During the workshop,
participants identified 44 climate-related information gaps
or needs (e.g., research, analyses, data products, inven-
tories) that would enable the WGFD to make better climate-
informed decisions about managing river, riparian, and
wetland habitats in the coming years (Cross et al. 2020). To
solicit further input on which of those needs were deemed
by managers to be the most important gaps to fill, the
agency core team and boundary spanner created an on-line
survey (hereafter, “information needs survey”) that asked
respondents to indicate how useful each of the 44 infor-
mation needs would be to their ability to consider climate
change effects in their work on river, riparian, and wetland
habitats. For those information needs that were flagged as
“Very Useful”, the survey included follow-up questions
about how the respondent might use that information in
management decisions (see Supplementary Materials 3 for
information needs survey protocol). The information needs
survey was sent to all WGFD staff (>350) with a 2-week
turnaround window. Of those >350 people who were sent
the survey, we estimate about 150-200 of those recipients
would find some relevance to their work. In total, 28
WGEFD staff completed the survey, representing a range of
disciplines and departments within the agency. Most of the
survey responses came from workshop participants (57%),
although some respondents did not attend the workshop
(43%). We acknowledge that this response rate is relatively
low; however, we feel that the level of response is still
useful for efforts by the WGFD to begin honing the full list
of 44 information needs down to a shorter list that repre-
sents the most relevant information needs for management
decision-making.

Each of the 44 information needs identified at the
workshop had at least one survey respondent indicate that it
would be “Very Useful” to their work; however, there were
some information needs that were more consistently iden-
tified as being useful to WGFD staff. Eight (8) information
needs were particularly useful to climate-informed habitat
management efforts, with over 60% of survey respondents
indicating that they were “Useful” or “Very Useful”. All but
one of these highly-useful information needs were asso-
ciated with at least one example of how WGFD staff would
use the information in habitat management decisions, such
as prioritizing habitat projects for implementation, selecting
translocations sites for native species, designing culverts
and other stream crossing projects, among others.

@ Springer

Co-Deliver Solution

To apply the co-produced knowledge from the workshop,
the boundary spanner and agency core team met regularly
via video calls every 2-3 weeks to synthesize and sum-
marize the information produced and to discuss ways that
the information could be incorporated into the updated SHP.
The boundary spanner led the effort to summarize work-
shop outputs. However, the agency core team made all
decisions about how information on climate change
impacts, climate-informed management actions, and
climate-related knowledge gaps and needs were to be
integrated into the updated SHP.

Evaluating Co-Production Process and
Outcomes—Methods and Results

To evaluate the effectiveness of the co-production activities
and methods at achieving outcomes related to the near-term
use of climate information (Step 5, Fig. 1), we used a
mixed-methods approach involving surveys, document
analysis, and semi-structured interviews. Although we used
a co-production approach to design and conduct surveys
related to the workshop, the document analysis and semi-
structured interviews were designed and implemented by
social scientists that were not involved in co-production
activities (two co-authors). This research, conducted sepa-
rately from co-production activities, reduced potential for
bias in the document analysis and interview responses.

Evaluation Methods

To solicit WGFD staff perspectives on the effectiveness of
the participatory workshop, the boundary spanner and agency
core team designed and conducted online surveys immedi-
ately before and after the workshop (hereafter “pre-workshop
survey” and “post-workshop survey”). Using a mix of open-
and closed-ended questions, these pre- and post-workshop
surveys were designed to assess the extent to which the
workshop changed participants’ knowledge about climate
change and its impacts, their comfort level with integrating
climate change into their work, their familiarity with climate
change adaptation strategies relevant to their work, and
related topics (see Supplementary Materials 4 for pre- and
post-workshop survey protocols). The pre-workshop survey
was sent to 65 WGFD staff that were invited to participate in
the workshop; the post-workshop survey was sent to 48
WGEFD staff that had indicated their intentions to participate
in one or both of the participatory days of the workshop, with
one reminder email. We used Welch’s two-sample t-tests to
evaluate the mean change in survey responses on paired pre-
and post-workshop surveys and we used linear regression to
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assess the relationship between individual respondents’ pre-
workshop responses and their reported change after attending
the workshop (see Supplementary Materials 4 for pre- and
post-workshop survey analyses and results).

To evaluate the incorporation of co-produced informa-
tion on climate impacts and climate-informed management
actions into habitat planning by the WGFD, we conducted a
document analysis of the most recent Statewide Habitat
Plan, which was finalized in 2015 (2015 SHP), and the
updated plan that was finalized at the end of the co-
production process (2020 SHP). Using NVivo 12, we coded
the two documents to assess and compare the frequency of
mentions of “climate”. We carried out a content analysis
surrounding any usage of the term in both documents,
looking for emergent themes and determining if the inte-
gration of climate change into the planning process resulted
in any shifts in mission, goals, strategies, and/or actions in
2020 SHP.

At the end of the co-production process, we conducted
semi-structured interviews with each member of the agency
core team (n=06) and the boundary spanner (n=1) to
explore motivations behind the consideration of climate
change in the 2020 SHP update, perceptions of the role the
co-production process and the boundary spanner played in
shaping any observed differences between 2015 SHP and
2020 SHP, and recommendations for others interested in
doing this kind of work. We administered the interviews
using an online video platform. The interview protocol
consisted of 12 open-ended questions with additional
prompts (see Supplementary Materials 4 for post-project
interview protocol). We coded the interview data by iden-
tifying potential themes a priori from the literature on the
co-production of actionable science; for example, the role of
the boundary spanner and the effectiveness of the methods.
We also examined emergent themes, such as key char-
acteristics of the boundary spanner. We then analyzed each
theme to better understand the perceptions of the agency
core team and the boundary spanner on the co-production
process and outcomes. We attribute quotes with unique
identifiers in the results (M1-M6 for members of the agency
core team; BS for the boundary spanner).

Evaluation Results

Incorporation of Climate Change into Wyoming Statewide
Habitat Plan

In our review of the 2015 SHP, we found only one mention
of “climate.” In this context, climate change was mentioned
as among the top five challenges facing species of con-
servation need and for maintaining fish and wildlife diver-
sity across the state. Despite the recognition of climate
change as a significant challenge, the plan did not directly

discuss that challenge in its mission, goals, strategies, or
actions.

The agency was motivated to include climate change in
the 2020 SHP update for several reasons. During semi-
structured interviews at the end of the project, the agency
core team spoke of their constituents experiencing increased
impacts from climate-related events: “you hear more stories
now from...old ranchers talking about how the winters have
changed. You know, people are just having those kinds of
personal experiences where they’re recognizing [climate
change]” [M4]. The agency core team also acknowledged
the role of umbrella organizations such as the Association
of Fish and Wildlife Agencies (AFWA) and the Western
Association of Fish and Wildlife Agencies (WAFWA)
recognizing climate change as an important management
issue: “...with WAFWA and all the other agencies, it’s been
a hot topic” [M1]. Some referenced the inclusion of climate
change in another major planning document (the WY State
Wildlife Action Plan) a few years prior as an important
motivator. But the real opportunity presented itself with the
boundary spanner being available and ready to work with
the agency: “...the opportunity was there with [the
boundary spanner]” [M6]. As another manager explained:
“We just felt [it was] too big, too broad, something that was
a little harder to put our fingers on. But as we kind of got
into it, and certainly with [the boundary spanner's] and
everyone’s help, we realized that many of the things we’re
already doing fall in line with actions that we can
take” [M3].

In contrast to the 2015 SHP, we found 63 mentions of
climate in our review of the 2020 SHP, indicating a notable
shift to address this persistent threat. Climate was the 11th
most frequently used word (>3 letters), trailing behind
habitat, wildlife, areas, management, priority, action,
actions, biologists, fish, and project. Updates to the plan
included “proactively addressing the impacts of a changing
climate”. The 2020 SHP included a 3-page section devoted
to climate change, comprising nearly 7% of the 44-page
report; and climate change was the only habitat manage-
ment threat covered by a stand-alone section. The Climate
Change section detailed the importance of climate change
for the state, summarized expected climate changes, and
highlighted results from the aforementioned workshop. In
addition to the stand-alone climate change section, the 2020
SHP also referenced climate change in the Strategies and
Actions section. Throughout the plan, strategies and actions
believed to be especially important to addressing climate
change vulnerabilities facing fisheries and wildlife habitat
were demarcated from others with a fire symbol to highlight
their direct relevance to climate change adaptation. The
flagging, as one agency core team manager explained, “was
a way to keep that part of our effort distinct and clear”
[M2]. Another noted: “if was a way to message...that both
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new ideas and existing ideas” [M3] for strategies and
actions will be relevant in a changing climate.

We found that of the 30 strategies included in the 2020
SHP, 5 (16.7%) were flagged by the authors as important
for addressing climate change and building resilience, and
1 (3.3%) explicitly mentioned climate. Of the 76 actions
identified, 30 (39.5%) were similarly flagged and 8 (26.7%)
explicitly mentioned climate. For example, under the
strategy of promoting functional stream channels, the
action of enhancing and connecting “spring creeks and cold
water areas as potential cool water refugia” was flagged
with a fire symbol (WGFD 2020, p. 27). As another
example, under the strategy of working with landowners,
land managers, and conservation organizations on grazing
management, the plan emphasized new actions such as
building in adaptation measures when developing grazing
plans in order to account for climate change (WGFD 2020,
p- 28). The agency managers that we interviewed con-
firmed that the final, flagged actions included in the plan
emerged from the longer list generated during the work-
shop, which was iteratively winnowed down by the agency
core team with input from other staff at WGFD to those
that were deemed most relevant to and ultimately included
in the 2020 SHP.

Finally, guidance for the WGFD Habitat Technical
Advisory Group—which evaluates and ranks habitat pro-
ject proposals to receive annual funding—was revised in
2020 to add a scoring mechanism for consideration of
climate change. Under this new system, projects are
rewarded in scoring if they address a specific climate
change strategy or action from the 2020 SHP or otherwise
identify how climate change resilience will be increased
through project implementation. The agency core team
managers that we interviewed noted that the final plan was
not overly prescriptive in describing how point-allocation
would occur in project review. However, the newly-
modified system “was a direct decision to ensure that
moving forward we prioritized projects with actions that
were most likely to have a positive effect in the face of
climate change” [M3].

Effectiveness of Co-Production Approach and Methods

The pre- and post-workshop surveys and the semi-
structured interviews with the agency core team at the end
of the project highlighted the value of the co-production
process and methods, which allowed for group learning and
processing about potential climate change impacts in the
landscape and set the team up for integrating climate change
into the 2020 SHP. Of the 35 agency staff that completed
the post-workshop survey, 89% indicated that as a result of
the workshop they: gained new knowledge about climate
change projections and impacts, felt more comfortable
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integrating climate change information into their work, and
felt more familiar with climate change adaptation strategies
and actions relevant to their work. Paired survey responses
from 27 individuals indicated that agency participants who
came into the workshop with relatively low self-reported
knowledge, comfort, or familiarity with the topic gained the
most. Those who came into the workshop already knowing
a fair amount, feeling fairly comfortable, and being rela-
tively familiar with the topic reported less of a change after
the workshop (see Supplementary Materials 4 for pre- and
post-workshop survey analyses and results).

Interviews with the agency core team revealed additional
details and opinions about the workshop’s effectiveness.
One manager indicated the comprehensive approach that
made the discussion tangible to participants was “...a direct
result of having...the format of the workshop...[with]
experts in various climate science fields...and then having...
breakout sessions where we were able to discuss” [M4].
Here a critical piece involved making the available climate
science relevant to the local context: “Hearing climate
issues at this... global level... doesn’t really seem like it has
any relevance to you, but...if you can bring that data down
to place and say this is what we expect to see happening,
and then maybe people are... listening to that and thinking
like, oh, yeah, I have seen that” [MS]. The agency core
team also emphasized the importance of including diverse
perspectives: “If we...had just...a smaller subgroup without
that bigger...engagement, I don’t know if we would have
gotten the same level of buy-in for incorporating climate
change considerations into our management” [M4]. Sev-
eral commented on how the switch to a virtual format for
the workshop enabled better participation, through use of
online documents like spreadsheets that facilitated silent
participation: “I think folks that wouldn’t have spoken up
otherwise wrote down ideas that were valuable ideas in
those spreadsheets because it was...a safe space for
everyone” [M4]. Ultimately, the workshop provided infor-
mation that was directly relevant to the 2020 SHP: “Ir
generated a lot of material that was really ripe for cutting
and pasting and rolling into our habitat plan” [M2].

Interviews revealed that the agency core team felt that the
boundary spanner played a pivotal role in the process of
integrating climate change into the 2020 SHP: “We weren’t
sure how this was going to go...[W]e hadn’t been able to do
it before and being able to wrap your head around...how to
do these things was a challenge. And you have a lot of
different people who have a lot of different viewpoints. To
get all of them to essentially agree at the end that here’s the
marching orders, here’s what we’re going to do, that’s not
an easy thing. And so I attribute that in large part to [the
boundary spanner] and her work” [M3]. The managers we
interviewed articulated a number of characteristics for the
boundary spanner that were beneficial to the process, some
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Table 1 Comparison of key
characteristics of a boundary

. . core agency team
spanner identified from geney

Boundary spanner characteristics identified by the

Boundary spanner characteristics identified in the
literature

interviews with the agency core
team from Wyoming Game and
Fish Department with
characteristics identified in the
literature; characteristics may be
useful to readers seeking to
employ boundary spanners to
facilitate better integration of
climate change information into
natural resources management

Has charisma

Acts as a guide
Able to facilitate

Asks questions

Possesses relevant scientific knowledge

Connects to expert speakers with relevant
information for the region/local area

Personality (e.g., Williams 2002)

Knowledge of particular scientific field (e.g.,
Bednarek et al. 2016)

Post-modern leadership (e.g., Williams 2002)

Integrative capacity (e.g., Bednarek et al. 2016)

Works in research and the managerial realm

Has firm understanding of practitioner role in

climate arena

Translates research to practice

Has access to other capacity (e.g., Ph.D. student to

do a literature search)

Provides concrete examples and experience from

previous work

Follows-through on process and tasks

Keeps on an agreed timeline

Frames the workshop/architecture

Develops a step-by-step process

Able to engage in process over time

Not clearly represented in the reviewed literature on
boundary actors and co-production

of which have not appeared frequently in the literature or
present more detailed aspects of characteristics that have
been described elsewhere (Table 1). Among those qualities,
they indicated the importance of the boundary spanner
making a clear time commitment, laying out specific steps
for engaging staff at the workshop and soliciting their
feedback in subsequent follow-up surveys, and the com-
mitment to sorting through and assisting the core team with
processing the information provided by participants. Sev-
eral managers pointed out the importance of being able to
ask the right questions to push the group along: “[The
boundary spanner’s] constant questioning us and asking us
what we think of this and what we think of that...it was a
very good process” [MS5]. Overall, the ability to drive a
stepwise process captured the managers’ attention: *
without a ‘boundary actor’ facilitator like that, we would
have been hard pressed to pull that information together, to
sort through it, to, you know, pick everybody’s brains and
get that information into one place. I mean we just wouldn’t
know where to start...if you're not facilitating frequently it’s
just kind of daunting to tackle something like that and to
have somebody that works in that capacity, provide a
hand...was absolutely key” [M2].

All of those interviewed perceived this process as a
replicable one for other agencies undergoing similar
planning efforts. They noted, however, that replicability
would hinge on collaboration with an effective boundary

spanner: “That whole kind of framework that we used, you
could do that anywhere and just somebody to...help drive
that is key” [M2]. The boundary spanner, on the other
hand, highlighted the importance of the active participa-
tion by the core agency team at WGFD: “I found this
group to be...very engaged and committed...Almost
always every planning call had most if not all [members of
the agency core team] participating in the discussions
about the design of the workshop, giving feedback on draft
materials” [BS]. Notably, we estimate that the six mem-
bers of the agency core team cumulatively spent at least
170 h on project calls and co-leading the workshop. This
conservative estimate does not include additional hours
reviewing workshop products and incorporating the co-
produced information into the 2020 Statewide Habitat
Plan; nor does it include the time that other WGFD staff
spent participating in the multi-day workshop and
responding to surveys. Despite that time investment, at
least one member of the core agency team noted that they
wished they had even more time to properly assimilate and
process the information: “I would like to [have] either
more time or more people who are devoted to the process
because all of us felt it was just one more thing that we had
to do...Iwished that I was digging in deeper because I was
very interested. But just the reality of how much time I
could spend on things. I didn’t feel like I always got as
deep as I wanted to” [M6].
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Discussion

Our results indicate that the co-production process and
specific methods used in this study, facilitated by a
knowledgeable boundary spanner, supported the near-term
use of climate-related information in natural resource
management planning and the identification of
management-relevant climate change information needs that
could guide future research. We discuss key aspects of the
co-production process and boundary spanner role, detail
outcomes related to the use of climate-related information
and the identification of salient research needs, and offer
recommendations for replicating the process.

Key Aspects of the Co-Production Process

We employed a relatively intensive approach to end-user
engagement, aligning with the “empower” -category
described by Bamzai-Dodson et al. (2021) where end-
users are co-equal team members. The highly collaborative
co-production process offered ample opportunities for the
agency core team to influence the design of activities and
ensure their relevance to the agency’s planning needs. This
approach required that the agency invest notable staff time;
over four weeks in total for the core team. The additional
amount of time required to co-produce information is often
highlighted (e.g., Vincent et al. 2018) and some have
suggested it as a potential limit to the practicality of co-
production approaches (e.g., Lemos et al. 2018). Others
have shown that this time investment, measured as the
frequency of meetings between researchers and users,
positively affects information use (Hyman et al. 2022). In
our study, the agency core team reported that the way
activities were collaboratively co-designed with the
boundary spanner led to a high degree of customization
that allowed results to directly fit into the 2020 SHP. In
addition, the involvement of a boundary spanner (see
further discussion below) may have helped to offset the
costs of an otherwise intensive co-production approach
(Lemos et al. 2018).

Members of the agency core team valued the co-
production methods used in the study for being compre-
hensive, structured, and locally relevant. They also appre-
ciated that the process engaged a good number of
colleagues within the agency and climate researchers from
outside of the agency. They felt this participation ensured
representation from a diversity of perspectives and served to
increase the level of buy-in from agency staff for how cli-
mate change was ultimately included within the manage-
ment plan. Although travel and meeting restrictions created
by the COVID-19 pandemic required a virtual meeting
rather than an in-person one, the agency core team high-
lighted the use of on-line, editable documents that enabled
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participation by relatively less vocal participants as benefits
of that change. In this way, the process aligned with several
tasks identified by Tengo et al. (2017) as critical for inte-
grating multiple knowledge systems, including in this case
local knowledge of natural resource managers, by facil-
itating the mobilization, translation, synthesis, and appli-
cation of the collective knowledge of participants from
varied disciplines. This inclusive approach to capturing
different perspectives, ideas, and areas of expertise likely
contributed to the legitimacy of the information that was co-
produced, a factor that is considered critical to whether
information gets used by decision-makers (Cash et al.
2003).

The co-production methods that we trialed were con-
sidered to be relevant to others working on climate change
adaptation and natural resource management. The agency
core team reported that the overall process and specific
methods were replicable and could be useful for other
agencies undergoing similar planning efforts; however, they
also noted that reproducibility would likely hinge on col-
laboration with an effective boundary spanner.

Benefits of working with a boundary spanner

As has been found in other studies of co-production and
actionable science (e.g., Cash et al. 2003; Bednarek et al.
2016; Goodrich et al. 2020; Jagannathan et al. 2021), the
agency core team in this study considered the boundary
spanner role pivotal to the co-production process’ design
and success. Although the agency was motivated to con-
sider the effects of a changing climate in their updated
habitat plan, they did not have a specific plan for how to do
so. Agency staff identified the boundary spanner’s ability to
draw on previous experience to provide the agency with a
stepwise process for getting started and to offer support
throughout the planning process as key to their incorpora-
tion of climate change in the revised plan. The nature of
state wildlife agency management, in which managers are
spread thin with many responsibilities and limited time,
suggests that it is a ripe area for harnessing collaborations
with boundary spanners.

Many of the key characteristics of an effective boundary
spanner identified by the agency core team echoed those
from others studies, such as knowledge, charisma, an ability
to act as a guide by facilitating and asking questions, cross-
cultural competencies (e.g., understanding both the research
and managerial realms), experience translating science into
practice, and social capital that supports the involvement of
and access to other experts with relevant knowledge and
information (Williams 2002; Bednarek et al. 2016; Good-
rich et al. 2020). However, some of the characteristics that
were mentioned by WGFD staff have been less clearly
articulated in the literature on boundary spanners, including
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practical aspects associated with the facilitating the process,
such as framing an effective workshop, driving a step-by-
step approach to climate-informed planning, being able to
engage over an extended period of time, and timely follow-
through on commitments. In these ways, the boundary
spanner was able to go beyond simply playing the role of a
neutral facilitator, by embodying these additional char-
acteristics that allowed for deeper engagement and support
of the planning process.

Our findings meet calls for more evidence of the ben-
efits boundary spanners can offer (Posner and Cvitanovic
2019) and add to previous discussions of key character-
istics of successful boundary spanners. Although boundary
spanners can help to offset the extra time and effort that
can be associated with an intensive co-production
approach (Lemos et al. 2018), adequate support of
boundary spanners does increase costs (Meadow et al.
2015); however, our research demonstrates the potential
benefits of that investment. An improved understanding of
the knowledge, skills, and traits that can support a pro-
ductive boundary spanner role can help to further improve
the effectiveness of these positions and organizations
(Posner and Cvitanovic 2019; Goodrich et al. 2020) and
hopefully lay the groundwork for increased financial
support from public and private funders for this type of
role to co-design and co-lead activities.

Use of Co-Produced Climate Information

We found evidence of the use of co-produced climate
change information by natural resource managers during
the roughly year-long project that can be directly tied to
the co-production process. This finding is notable since
two challenges to evaluating the effectiveness of co-
production efforts are that the use of information does not
always happen immediately after it is produced and it can
be difficult to attribute outcomes to particular activities
(Bell et al. 2011; VanderMolen et al. 2020). The most
notable use of co-produced climate change information
was in the 2020 update of the Wyoming Statewide Habitat
Plan (SHP), which was transformative in how it incorpo-
rated climate change. The 2020 SHP mentioned “climate”
63 times, compared to just a single mention in the 2015
version of the plan. Climate change was incorporated
throughout the document and not solely discussed as a
threat; numerous strategies and actions were explicitly
flagged as being important to addressing climate-related
threats. Perhaps most significant is the bridge that the 2020
SHP provides between planning and action on climate
change, by integrating climate change into the scoring
criteria that the agency uses to decide which habitat pro-
tection and restoration projects to fund each year. The new

scoring system rewards projects that address climate
change threats, which should help drive more agency staff
to consider climate change as a standard of practice in
project design and implementation. Although the decision
to incorporate climate change in the 2020 SHP was
motivated by pre-existing concerns within the agency,
members of the agency core team indicated that they did
not know how to do so and expressed that the co-
production process, facilitated by a boundary spanner, was
key to enabling that inclusion and that project activities
and methods directly contributed to the extent to which
climate change was considered.

Information use can be categorized into different types;
one of those types is “conceptual use” of information,
which includes informing a planning process or plan but
also increasing an organization’s or individual’s under-
standing of a topic (Pelz 1978; VanderMolen et al. 2020).
Within this case study, we documented at least two exam-
ples of conceptual information use: 1) the incorporation of
co-produced climate change information in the 2020 SHP,
and 2) how staff at WGFD reported feeling more knowl-
edgeable about climate change and its impacts, more
familiar with climate-informed management strategies, and
more comfortable with incorporating climate change into
their work as a result of participating in co-production
activities (namely, the participatory climate change plan-
ning workshop). Although less visible than incorporation of
information into a plan, this type of learning and change in
knowledge is considered a valuable outcome of co-
production efforts, with post-workshop evaluations ser-
ving as one method for measuring such learning (Meadow
et al. 2015).

Conceptual information use can be a precursor to later
“instrumental use” where information is directly incorpo-
rated into decisions or actions (Pelz 1978; VanderMolen
et al. 2020). In an analysis of research projects funded by
the US Geological Survey’s Southeast Climate Adaptation
Science Center, Hyman et al. (2022) found that conceptual
information uses directly influenced the level of instru-
mental uses. Although we did not document any direct
examples of instrumental use resulting from this project, the
SHP is actively used by WGFD to make decisions,
including about which on-the-ground habitat projects
should receive funding during an annual allocation process.
Therefore, the incorporation of co-produced climate change
information in the 2020 SHP may serve as a step towards
instrumental use. In particular, the incorporation of a new
scoring mechanism that rewards projects that address cli-
mate change could create an incentive for moving the plan
into action. Future research could track additional ways the
agency or partners use the climate change information co-
produced in this project.
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Identification of Salient, Climate-Related
Information Needs

The co-production process described in this case study
successfully identified climate-related information needs
that are considered by WGFD staff to be useful to future
decision making. An understanding of what scientific
knowledge is considered by decision-makers to be “salient”
(directly relevant to decisions) is seen as a critical compo-
nent to advancing science that is actually used (Cash et al.
2003). For this reason, co-production approaches to
knowledge generation emphasize the importance of deriv-
ing research questions from end users rather than from
researchers alone (Mach et al. 2020) and of having those
questions be decision-driven (Vincent et al. 2018). The case
study presented here offers specific methods that embrace
those principles and can be used to elicit from managers
what types of climate-related information would be useful
to their decisions. These methods included a combination of
discussions at a participatory workshop that generated a list
of climate information needs with a follow-up survey that
asked about the usefulness of each of those needs to agency
managers and how the information might be used. The
workshop session grounded the discussion of climate
information needs in the context of specific management
challenges and decisions being made by the focal agency,
and the survey refined what was initially a long list of needs
to a smaller number that were deemed especially useful to
participating managers.

The resulting list of high-priority climate information
needs can help the agency direct limited time and attention
to addressing those needs that would be most directly
relevant to management decisions in the coming years. It
can also help the agency determine which information gaps
can be addressed or filled directly by the agency, when they
have the relevant expertise and capacity, versus others that
might be well-suited for collaborations with outside
researchers. These salient information needs can also inform
the work of scientists interested in advancing actionable
climate science. It is as yet unknown if this co-production
effort will lead to research projects that address the identi-
fied climate change information needs.

Recommendations, Limitations, and Potential
Future Research Stemming from the Case Study

Overall, the agency core team indicated a high level of
satisfaction with the process and felt that our methods could
be useful for other natural resource management agencies
looking to integrate climate change into planning and
decision-making. Drawing on results from interviews, sur-
veys, and our collective reflections on the project, we offer
several recommendations related to the timing of co-

production activities relative to the planning or decision-
making process, allowing ample time for sharing and
translating technical information, creating opportunities for
a diversity of participants to contribute knowledge and
perspectives, and employing a range of approaches to
enable those contributions (Table 2).

An important consideration when employing a co-
production process like the one presented here is that the
knowledge and products that are produced are inevitably
shaped by those managers, researchers, and boundary
spanners that are invited and choose to participate. The
outcomes of this case study might have looked different if
different individuals—with different knowledge systems,
biases, communications abilities, etc.—had participated in
the co-production process. This argues for involving as
many individuals and knowledge systems as possible, in
addition to having a transparent process and well-
documented products that allow others to examine, and
potentially critique the outputs.

Given that information use can lag behind the imple-
mentation of co-production activities, future work could
continue to track how managers at WGFD use climate
adaptation information produced during this case study. For
example, projects that receive funding using the new scor-
ing criteria described in the 2020 SHP could be analyzed for
whether they are more likely to address climate change
compared to projects that were funded before the 2020 SHP
update was released. Interviews with WGFD staff that
submit proposals for annual funding could also examine
whether and to what extent the incorporation of climate
change into the 2020 SHP and the new scoring criteria
influenced the design of proposed projects.

Conclusion

With this case study, we aimed to go beyond general
principles for knowledge co-production to describe specific
methods and evaluate their effectiveness. The methods that
we trialed were considered by participating managers to be
effective at co-producing usable climate change information
and relevant to others looking to consider climate change in
natural resource management planning and actions. Exam-
ples of information use documented during the nearly
1-year project included the incorporation of co-produced
climate-informed strategies into an updated management
plan and an increase in participating managers’ knowledge
about climate change, its impacts, and adaptation strategies
relevant to their work. The process also identified a list of
climate change information needs deemed salient to man-
agers’ decisions, which can be used to drive future action-
able science research. Ultimately, the case study offers
practical, effective, and replicable co-production methods
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that are relevant to managers and scientists in the United
States and beyond that are looking to conduct knowledge
co-production efforts with similar goals and desired
outcomes.

Data Availability

Data generated by this study is available at the USGS
Science Base catalog: https://www.sciencebase.gov/catalog/
item/5b33b928e4b040769c172ee0.
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