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CH. 1 - Introduction
1.0 Abstract

Over time, the idea of the public value of federally funded science has slowly transitioned
from basic science that helps fight disease and maintain national security (Bush 1945) to
use-inspired science that directly informs decisions about the most urgent issues facing
society, such as climate change (Lubchenco 1998, 2017). Natural and cultural resources
across the world are already experiencing demonstrable impacts due to changes in our
climate system, and stewards of these resources are turning to the scientific community
for actionable science — information and tools that can be directly applied to decisions
about how best to adapt to these future conditions (IPCC 2022). Such societal impact is
more likely to be met when decision makers are engaged in the process of knowledge
production (Ferguson et al. 2022). In response, public funders of climate science are
changing how they design solicitations, review proposals, and make other programmatic
decisions to encourage research to meet decision making needs (Arnott et al. 2020a).
However, when the knowledge created does not fit decision contexts or is not used
appropriately, vulnerability or contributions to climate change can instead increase and
maladaptation can occur (Barnett and O’Neill 2010). Ensuring that engagement of
decision makers in actionable science is carried out in a thoughtful and reflexive way is

critical to achieving the desired societal impact.

In this dissertation, I examine three key questions regarding the engagement of
stakeholders in the production of actionable climate adaptation science. First, how should
researchers align their stakeholder engagement processes with their desired goals for

societal impact and actionability? In Chapter 2, I propose a framework of engagement



approaches that describes the wide variety of tools that are available for including
stakeholders in the creation of actionable science, and I provide guidance on how
researchers might consider tradeoffs among those approaches and tools. Second, how
should researchers conduct engagement for societal impact in a way that maximizes
benefits and minimizes harms to stakeholders? In Chapter 3, I analyze interviews (n=15)
with stakeholders who were highly engaged in actionable climate adaptation science
projects to examine their perspectives on the benefits and harms that they experienced,
and I argue that researchers must proactively consider the ethical implications of
engagement when developing their project idea. Third, how should researchers define
successful societal impact and evaluate against such standards? In Chapter 4, I draw on
the discipline of evaluation to develop a survey tool to examine the process, outputs, and
outcomes of actionable science based on the perspectives of stakeholders engaged in
those projects, and I analyze survey responses (n=49) in a case-study deployment of the

tool.

In Chapter 5, I synthesize the findings from Chapters 2-4 and summarize key takeaways.
Overall, I recommend that researchers thoughtfully consider stakeholder engagement
goals and benefits as early as possible to best meet expectations of societal impact and
actionability, ideally at or prior to the proposal development stage. Doing so in a robust
manner often involves skills in which many biological and physical researchers may not

be trained, requiring additional resources and expertise to be included in project plans.

1.1 Situating the organization
This dissertation centers around a case study of the U.S. Geological Survey’s National

Climate Change and Wildlife Science Center, created in 2008 by Congress to “help



managers of the country’s fish and wildlife resources respond to climate change.” This
role was expanded by the U.S. Secretary of the Interior to include oversight of eight
newly established regional Climate Science Centers (Salazar 2009) to fund and conduct
climate impacts and adaptation research. In 2018, these centers were renamed to the
National and Regional Climate Adaptation Science Centers (CASCs), and in 2021, a
ninth regional center was created in the Midwest by subdividing the Northeast region.
The Federal Advisory Committee on Climate Change and Natural Resource Science
(ACCCNRS) was created in 2012 to provide guidance about the CASCs to the Secretary
of the Interior. Three years later, ACCCNRS delivered a report recognizing the
achievements of the CASCs and providing recommendations on how to improve their
operations (ACCCNRS 2015). The report emphasized the need for continued provision of
actionable science -- research that “provides data, analyses, projections, or tools that can
support decisions regarding the management of the risks and impacts of climate change”
(ibid). Since their creation, the National and Regional CASCs have established a
portfolio of hundreds of projects that examine climate impacts on natural and cultural

resources and inform decision makers on adaptation strategies.

Researchers funded by programs such as the CASCs produce information that is
considered actionable for a variety of uses by decision makers, ranging from being
generally better informed about a subject to implementing a specific action
(VanderMolen et al. 2020). Tools and techniques for examining the societal impact of
science have been developed for use by other federal funding programs, and
understanding previous lessons learned can help lay the groundwork for applying them to

science produced by the CASCs. For example, within the National Oceanic and



Atmospheric Administration’s Regional Integrated Sciences and Assessments program,
the Western Water Assessment has conducted archival research and semi-structured
interviews with selected researchers and stakeholders to examine the overall impact of
their program (McNie 2011). Additionally, the Great Lakes Integrated Sciences and
Assessment Center has examined how boundary organizations can serve as partnership
networks to provide climate services to stakeholders and improve the usability of climate
information (Lemos et al. 2014). The interagency Joint Fire Science Program has
developed an Evaluation Resource Guide (Singletary et al. 2015) that outlines how an
individual exchange network can use a survey instrument to measure and report the
overall educational impact of their activities on their regional fire management

community.

Even with these resources available, there is a lack of clarity around what methods are
most effective for achieving societal impact and in what contexts those methods should
be deployed. As an employee of the CASC network (Deputy Director, North Central
CASC) and a doctoral candidate at the University of Oklahoma, I was uniquely
positioned to utilize the CASCs as a case study to examine questions around the societal
impact of science. In particular, the challenge of defining success and conducting
evaluation was an emerging priority in the CASC network. Using skills and expertise
gained within both roles, I was able to examine my three key motivating questions: How
should researchers align their stakeholder engagement processes with their desired goals
for societal impact and actionability? (Chapter 2) How should researchers conduct

engagement for societal impact in a way that maximizes benefits and minimizes harms to



stakeholders? (Chapter 3) How should researchers define successful societal impact and

evaluate against such standards? (Chapter 4)

1.2 Situating the individual

Traditional approaches to physical science (i.e., positivism, Khagram et al. 2010)
encourage pursuit of an unbiased and objective truth, removing the scientists from the
science (Webb 1992), for example by discouraging the use of first-person pronouns in
academic writing. Actionable science acknowledges that individual world views and
value systems may shape one’s truths (i.e., constructivism, Khagram et al. 2010). Who
someone is and how they see the world influences how they make decisions about and
carry out their research, which is often referred to as researcher positionality (Holmes
2020). People have multiple salient aspects of positionality or have multi-faceted
positionalities that shape how they act in the world (ibid), and I am no exception. By
acknowledging and reflecting upon my positionality, I hope to better document my
biases, take greater care in my research, and engender confidence in my findings. Here, I
consider my positionality across three dimensions: identity, journey, and opportunities
(Hampton et al. 2021), and I describe how these considerations influence my approach to
conducting research. This positionality statement is an imperfect offering, and I will
continue to iteratively reflect on my positionality across these dimensions over my

research career.

The elements of identity are characteristics that define and categorize individuals into
social groups, such as race, gender expression, and class (Hampton et al. 2021), As a
researcher conducting actionable science, it is important to recognize these characteristics

and understand how they influence power dynamics and perceptions in working



relationships. I am a cisgender, heterosexual woman of color. I grew up in a family with a
high degree of scientific fluency and professional accomplishments. Although I am a first
generation immigrant and a naturalized U.S. citizen, English is my first language. I have
lived and worked in urban areas on both the East and West American coasts and in semi-
rural areas in the central U.S. I am married to a cisgender white man who grew up
working on a multi-generational farm in the rural Appalachian foothills. I have faced
adversity as a result of my gender, ethnicity, and immigration status, but I have also had
the privilege of financial stability, higher education, and fluency of language. To navigate
these varied identities, I practice cultural and linguistic code-switching, which entails

modifying my interactions with others to best fit contextual norms (Molinsky 2007).

A researcher’s journey is the events that brought them to and influenced them to pursue a
given topic (Hampton et al. 2021). The journey of an actionable science researcher is
integral to understanding their motivations and what experiences and expertise they bring
with them to a project. I hold a professional master’s in environmental management, and
I completed three years of coursework in a doctoral program in earth and planetary
science. For my master’s project, I examined global precipitation trends over time in two
distinct satellite-derived data sets and found that in regions where precipitation totals had
an increasing trend, the larger totals appeared to come from heavier precipitation events
instead of from a greater number of rain days (Bamzai 2007). My unfinished doctoral
research focused on spatial and temporal interactions between the biological and physical
components of the hydrologic cycle based on observational analysis of field sites in
Northern California and numerical modeling. While having a robust understanding of

physical climate science is integral to my ability to participate in the dialogue around



climate impacts and adaptation, I realized it was not the area where I wanted to focus my
own research, so I decided to withdraw from my doctoral program prior to degree
completion. I am personally motivated to contribute to the conversation on societal
response to climate change and need to feel a connection between the science that I am

doing and society.

My family are Kashmiri Pandits, and our story is one of exodus and exile (Bamzai 1994).
While there is a long and complicated history of conflict in the Kashmir Valley, its
modern geopolitical classification as a disputed territory (administered in pieces by India,
Pakistan, and China) is a direct consequence of the post-colonial Partition of India in
1947 (ibid). As a result, I have a complex relationship with the legacy of colonialism on
people and places. My role as the colonized, while not directly experienced, has been
infused into the very fabric of my being, and as an immigrant, I could be perceived as a
colonizer (or an agent of colonization). Recognizing this tension within myself, I try to
foreground considerations of decolonization, equity, and justice in my work (Trisos et al.

2021).

Opportunities are unique abilities or characteristics of a researcher that provide them with
access to information or communities to which others may not have access (Hampton et
al. 2021). Opportunities may result in novel research design or data collection that might
otherwise be impossible (ibid). | work for a network of regional centers that fund and
produce climate impacts and adaptation science, information, and tools to support
resource management plans and decisions (described in Section 1.1). I spent four and a
half years working for the South Central CASC, and I am now in my fifth year of

working for the the North Central CASC, which serves managers across the states of



Montana, Wyoming, Colorado, North Dakota, South Dakota, Nebraska, and Kansas with
science for on-the-ground climate adaptation (Averyt et al. 2017). Both of these positions
opened many doors for me, including being able to enroll in my current doctoral program
part time while concurrently working full time. I have connections and access to
scientists and practitioners working at research institutions and in resource management

agencies, as well as insight into the program from which their projects received funding.

So what does this mean for how I approach my own research? Foundationally, I honor
and respect the connection that Tribal and Indigenous peoples have as caretakers of the
lands that comprise the United States of America, both as a result of historical ties to their
homelands and as a result of settler and colonial policies. I also honor and respect the
connection of African peoples and their descendants as caretakers of these lands as a
result of over 400 years of forced enslavement and subjugation. I carry the burden of my
own internal biases and must actively strive for my work to be feminist and anti-racist

and to counter colonial and parachute science (Trisos et al. 2021).

How I carry out my work is shaped by my desire to understand the “why”” and “how” of
things (Khagram et al. 2010) and learning about how different parts of a system interact
and work together. I have enough technical coursework to understand the physical
science of climate change and climate modeling. I also can bring in my client-oriented
consulting background and skills to think about science use. I value working
collaboratively and building consensus across the boundary between research and
management. I read literature from a range of academic journals and practitioner
information sources (e.g., newsletters) that use their own set of specialized language,

which allows me to code switch (Molinsky 2007) across cultural and disciplinary



barriers. I am particularly drawn to geography as a discipline because of its consideration
of both the physical and social elements of knowledge production and its tradition of

critique (e.g., Lave 2014, Lane et al. 2018).

My academic interest lies in the nexus between science and society — why and how do we
create knowledge and what do people do with that knowledge once it has been created?
My identity and journey led me to the broad scientific and societal challenge of adapting
to climate change and specifically to questions around power, equity, and reflexivity. My
opportunities gave me unique access to projects, scientists, and stakeholders to explore
these questions. All three dimensions come together in this dissertation to inform my
selection of research questions and methods, collection and analysis of data, and
interpretation of results. The information reflected upon in this positionality statement
was used to take greater care in how selection, collection, and analysis were conducted
and is meant to provide transparency to the reader regarding any personal biases that may

influence interpretation.
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2.0 Abstract

Natural and cultural resource managers are increasingly working with the scientific
community to create information on how best to adapt to the current and projected
impacts of climate change. Engaging with these managers is a strategy that researchers
can use to ensure that scientific outputs and findings are actionable (or useful and usable).
In this article, the authors adapt Davidson’s wheel of participation to characterize and
describe common stakeholder engagement strategies across the spectrum of Inform,
Consult, Participate, and Empower. This adapted framework provides researchers with a
standardized vocabulary for describing their engagement approach, guidance on how to
select an approach, methods for implementing engagement, and potential barriers to
overcome. While there is often no one “best” approach to engaging with stakeholders,
researchers can use the objectives of their project and the decision context in which their
stakeholders operate to guide their selection. Researchers can also revisit this framework

over time as their project objectives shift and their stakeholder relationships evolve.
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2.1 Introduction

Climate change is impacting natural and cultural resources throughout the US and
globally (IPCC 2018). Resource managers and decision makers are more frequently in
need of science-informed tools and guidance on how best to adapt to current and
projected future conditions (Filho 2015). However, adaptation to climate change is a
wicked problem (Rittel and Webber 1973) with many complex tradeoffs and potential
barriers (Bierbaum et al. 2013). The creation of climate adaptation science cannot be
separated from the application of such science, and engagement between researchers and
science end-users is critical to the successful integration of science into actions and
policy (Lubchenco 2017; McNie 2007; Sarewitz and Pielke Jr 2007). This engagement
also needs to include the integration of local communities and knowledge because people
and places have unique characteristics, and scientific products must respond to those

unique qualities to be perceived as credible and to be accepted (Laursen et al. 2018).

The term stakeholder is often used to mean an ambiguous and amorphous group of all
interested parties (Sharfstein 2016). In this article, we define stakeholders as the end-
users of the outputs and findings of a scientific process. Specifically, we focus on
resource managers (e.g., state wildlife agency), decision makers (e.g., conservation land
trust), and members of the public use project outputs to take action (e.g., private
landowners). End-users may also include Indigenous peoples and communities, whose
rights to sovereignty and self-governance are governed by a complex landscape of
federal, state, and local treaties and laws (e.g., 43 U.S.C. § 1971). We recognize the
colonial legacy of the term stakeholder (Barry and Thompson-Fawcett 2020) and

following Sarkki et al. (2021), suggest the term rights-holder in these contexts instead.

11



For brevity, we continue to use stakeholder throughout this article as an umbrella term for
all end-user communities (rights- and non-rights- holders). Engaging these various
stakeholders is one important means to ensuring that scientific outputs and findings are
actionable — defined generally as useful and usable — with a growing body of literature on

how to do this effectively (Arnott et al. 2020b).

At its core, information and data must be seen as salient (relevant to the decision
choices), credible (scientifically plausible and technically accurate), and legitimate
(created through a fair and unbiased process) to be accepted as actionable (Cash et al.
2002). Although scientists may perceive their products as authoritative, stakeholders tend
to approach new information and tools from a skeptical point of view, resulting in a need
for salience, credibility, and legitimacy to be negotiated through extended dialogue and
trust building (Cravens and Ardoin 2016; White et al. 2010). For example, the effective
provision of climate information to stakeholders has been shown to require an
understanding of the decision context and information usability (Dilling et al. 2015), an
incorporation of managers’ perceptions of risk (Kirchhoff et al. 2013), and an assessment
of research impact tied to understanding the audience and their need for evidence (Fisher
et al. 2020). Engaging stakeholders in science creation can result in products tailored to
appropriate spatial scales with focus on variables relevant to their decision contexts, a
matter of key importance to resource managers. Increases in globally averaged
temperature do not begin to scratch the surface of the climate change story, and managers
instead seek information specific to the resources under their charge (Clifford et al.

2020). Additionally, the successful creation of usable science needs institutional buy-in

12



and support for interactions on behalf of science users, producers, and analysts (Dilling

and Lemos 2011).

Although there is a long history of calls for actionable science in other fields of public
policy (e.g., Bush, 1945; National Research Council, 1978, 2012), similar calls relevant
to climate adaptation have increased only recently (e.g., Lemos et al., 2012; National
Research Council, 2009). In a Federal Advisory Committee report on natural resource
and climate adaptation science submitted to the U.S. Secretary of the Interior in 2015, a
recommendation emphasized the need for continued provision of research that “provides
data, analyses, projections, or tools that can support decisions regarding the management
of the risks and impacts of climate change” (ACCCNRS 2015; Beier et al. 2017).
Implementation of this recommendation has included a renewed commitment to the use
of regional climate collaboratives working to support management action (Averyt et al.
2017), the development of specific informal partnerships to support the creation of
actionable science (Bisbal 2019), and the use of formal stakeholder advisory committees

and science advisory panels (DeCrappeo et al. 2017).

Specific calls for more landscape-scale science for the management of federal and
working lands also emphasize the need for engagement with managers. One oft-cited
approach to achieve actionability is the use of co-production, which generally refers to
researchers and stakeholders working on the same team to produce science useful for
decision making (Carter et al. 2020; Naugle et al. 2020). Co-production is an imprecise
term, however, used in the literature to describe a range of different approaches to
working with stakeholders (Bremer and Meisch 2017; Mach et al. 2020; Norstrom et al.

2020; Wyborn et al. 2019). Lack of clarity around the language used by researchers and
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practitioners obscures the full range of approaches available for stakeholder engagement
and limits our ability to inter-compare implementation of engagement methods and to

identify lessons learned, effective practices, and pitfalls to avoid.

Conceptual frameworks can be a useful way to organize complex concepts with a high
degree of explanatory power, provide a mental model of how a diverse set of literature
works together (Collins and Stockton 2018; Imenda 2014), and be used as a mechanism
to distill theoretical concepts for practical application (Magliocca et al. 2018; Pulver et al.
2018). In this article, we adapt an existing conceptual framework to better characterize
common stakeholder engagement approaches used to conduct actionable climate
adaptation research. The framework presents a broader spectrum of engagement,
clarifying the position of co-production and other ambiguous terminology. The
foundational basis for the chosen framework relies on Davidson (1998) , selected because
it is grounded in stakeholder engagement for community planning and prioritizes
important concepts for climate adaptation research (e.g., role of stakeholder). While
Davidson (1998) is a continuous spectrum of engagement with distinct endpoints, its non-
hierarchical wheel structure promotes a deliberate, thoughtful choice of an approach to
engage stakeholders instead of simply prioritizing the highest intensity of engagement
(unlike linear hierarchical structures, e.g., a ladder in Arnstein 1969). Other similar
frameworks exist but are not highlighted here because they prioritize concepts that are
less relevant for scientific research or beyond the scope of this article; for example,
citizen participation and empowerment (Arnstein 1969), the quality of resulting
stakeholder decisions (Beierle 2002), or the direction and type of flows of information

between researcher and stakeholder (Rowe and Frewer 2005). Additionally, while other
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frameworks describe engagement from an academic viewpoint, they often do not
prioritize the practical application for researchers charged with conducting engagement or
are focused on a narrow form of engagement (e.g., communications methods in Bojovic

et al., 2021).

Our adapted framework (Figure 2.1) helps researchers navigate and select the approach
that best fits their objectives for a given project, thereby providing a standardized
vocabulary for describing stakeholder engagement and filling a critical gap in the
literature regarding practical application. The framework consists of four segments:
Inform, Consult, Participate, and Empower. The Inform segment is characterized by
minimal interaction with stakeholders, focused on one-way communication of quality
information, such as press releases or newsletters, from researcher to stakeholder. The
Consult segment includes collecting targeted input from stakeholders through avenues
such as surveys or public meetings, while the Participate segment is distinguished by
active partnership with stakeholders that allows them limited decision making capabilities
(e.g., through a formal or informal advisory committee). The Empower segment seeks to
delegate or entrust stakeholders with significant decision making power such that they
become co-equal team members. The most important part of utilizing our adapted
framework is understanding the context of a specific project and ensuring that
investments are made in the most appropriate kind of engagement to meet the

stakeholders’ science needs (Lemos et al. 2018).

In this article, we outline our adapted framework, its four approaches, and examples of
their appropriate use in section 2.2. In section 2.3, we provide guidance to researchers, in

particular, on how they can select the most appropriate way to work with stakeholders
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based on their goals. We conclude in section 2.4 by urging scientists to work with end-
users of information and products to ensure current knowledge is implemented, from

national to local decisions.

2.2. Engagement for actionable science in the real world

As climate adaptation researchers have aimed to engage stakeholders, time and financial
stresses tend to pressure researchers into adopting previously used engagement strategies
without deep thought about what strategy might be best suited to a particular outcome.
Yet, building a habit of assessing which strategy to use on the front end can result in
better outcomes. For each of the four approaches in this framework, we discuss
associated science objectives, engagement methods, and barriers to implementation. Each
engagement method has strengths, weaknesses, and resource constraints that influence
what might be the best fit for a project. While many of these methods might span across
approaches, we have tried to seat each method within the approach in which those
activities commonly occur. We also include a few examples to illustrate successful uses

of each approach. Table 2.1 provides a summary of this information.

A researcher’s choice of approach might be dictated by resource constraints or other
barriers (Rose et al. 2018) and require balancing the transaction costs of greater
stakeholder interaction against expected gains in the quality and quantity of outputs and
outcomes (Lemos et al. 2019). Although the level of technical complexity or degree of
interdisciplinarity are important elements of the project context, they do not tell the whole
story and may in fact prove to be misleading if they are the only elements considered. For
example, a project focused on running a complex physical model may need extensive

stakeholder engagement to determine the appropriate parametrization for key variables
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(e.g., Morisette et al., 2017). On the other hand, for a different type of complex study,
such as a social-ecological systems study, limited stakeholder engagement might be
possible when the end-user community and decision context can be clearly and narrowly
defined (e.g., Beeton et al., 2019). Additionally, a researcher may need to revisit this
framework over the lifetime of a project as existing stakeholder relationships are

strengthened or new audiences are engaged (Klenk et al. 2017).

2.2.1 Inform

As outlined in Figure 2.1, Inform is characterized by the one-way communication of
decision-relevant project results. It differs from Consult in the direction of information
exchange; Inform transfers information from researcher to stakeholder whereas Consult
moves it from stakeholder to researcher. Inform is the most traditional and common
approach of providing scientific information from researchers to users. Researchers in the
basic science community often select Inform as their approach by default because there
has been a tendency to consider any interactions with the users of the research as a

potential source of bias.

Some have criticized this approach as insufficient, terming it as the “loading dock
approach;” Cash et al. (2006) describe it as “You take it out there, and you leave it on the
loading dock and you say, there it is. And then you walk away and go back inside.”
However, we argue that Inform can be a viable and proper approach for creating
actionable science when chosen strategically. Appropriate uses of the Inform approach
intend to transfer knowledge rapidly and result in some science-based action. These uses
either create and disseminate datasets applicable across a broad geographic scale (Arguez

et al. 2012), summarize a large body of complex, novel, or synthetic science (Guido et al.
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2013), or require scientific legitimacy that stands above the political or policy context
(Pielke Jr 2007). The International Network for Government Science Advice, an
affiliated body of the International Science Council, studies issues of credibility and
legitimacy of evidence used to inform policy conversations around topics that are highly
contested, such as climate change mitigation, genetically modified crops, and biodiversity
conservation, and has found that such research must be seen as unimpeachable and not

unduly influenced by any one side of a policy debate (Gluckman and Wilsdon 2016).

An effective use of Inform is exemplified by “Tornado Politics,” as described by Pielke
Jr (2007), whereby an information provider does not have time to iterate on scientific
products prior to one-way delivery to an audience (e.g., meteorologists issuing a tornado
warning to the public) to meet a desired outcome (e.g., saving lives). In some cases,
Inform may be selected as a training approach when there is a need for clear one-way
information transfer to participants, such as teaching storm spotters how to recognize
tornado development (Doswell et al. 1999). Another appropriate use of Inform is when
the potential user base is so large and diverse that stakeholder interactions would be
prohibitively complex, costly, and time-consuming. Examples of actionable scientific
outputs for broad audiences include the data and graphics published for researchers,
managers, and the public at large for the Coupled Model Intercomparison Project (CMIP;
Eyring et al., 2016; Taylor et al., 2012) or the synthesis and interpretation of climate
information in La Nifia Drought Tracker during the drought of 2010-11 in Arizona and
New Mexico (Guido et al. 2013). In these cases, the initial knowledge delivery by the

scientific entity was followed with engagement with other scientists (e.g., broadcast
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meteorologists) using other approaches to increase saliency, yet the original transfer of

science for public action was a one-way knowledge transfer.

Examples of methods for the Inform approach include scientific publications, as well as
webinars, seminars, presentations, white papers, briefings, brochures, and fact sheets. In
the research community, Inform is dominated by peer-reviewed journal articles, which
energize their scholarly audience (i.e., their stakeholders) to consider new theories, data,
models, or methods in their own research (Fyfe et al. 2017). Science published in peer-
reviewed journals or other jargon-rich or highly technical formats is not intended to be
and, as a result, is often not necessarily useful for most decision makers (Hassol 2008);
hence, many government agencies and independent organizations summarize specific
subject matter using language appropriate for broader audiences. In all of these Inform
examples, information that is intended to be actionable is translated without extensive
stakeholder engagement; the information is intended or assumed to be useful without the

need for two-way engagement.

Barriers to Informing stakeholders without consultation, participation, or empowerment
tend to preclude the effective use of Inform except in specific circumstances. For
example, scientific articles that appear in professional journals, magazines, or blogs may
be hidden behind paywalls, limiting their audience (e.g., Archie et al., 2014). Even with
open-access publications or other more targeted information, such as fact sheets,
stakeholders may not know where to find the information or have limited time to read it.
For example, Doemeland & Trevino (2014) found that less than 15 percent of the World
Bank's policy reports were downloaded at least 250 times, yet over twice that many were

never downloaded and over 85 percent were never cited. In addition, without intervention
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in the process of delivering science to stakeholders, there generally is a mismatch
between the climate information product and the user’s decision content that requires

some negotiation and engagement (e.g., Briley et al., 2015).

2.2.2 Consult

As opposed to Inform, Consult reverses the flow of one-way communication — from
stakeholder to researcher. Consult seeks to access stakeholder input, on pre-identified
options, at discrete waypoints in the research process when it is not necessary to deeply
understand the decision making context of the science nor experiences of those being
consulted, such as required for Participate. Consult is appropriate for engagement when
input is only needed on certain specifics of the broader research project, when addressing
a topic already identified as a priority by stakeholders, or to ensure transparency and
input when stakeholder numbers are large and individual stakeholder engagement is not
tractable. Consulting with stakeholders often is conducted during one of three distinct
phases of a research project: needs assessment, design and implementation, and products
and outputs. Traditional climate services rely on these multiple, discrete stakeholder
engagements to identify priority topics and delivery mechanisms for climate information

provision in response to user needs (World Meteorological Organization 2014).

Needs assessments seek to identify key science or support that would most benefit the
end-user. There is evidence that organizations are more apt to use information that they
requested (McNie 2013). This phase may be the most open-ended for consultation,
whereby stakeholders may inform practice-relevant topics for research (e.g., Land et al.,
2017). In this regard, Consult can blur into Participate, as a diverse stakeholder group can

fundamentally shift the research agenda. Many examples of needs assessments focus on
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asking stakeholders to rank a pre-existing list of “knowledge gaps” assembled from the
literature (e.g., Human & Davies, 2010). However, often these knowledge gaps
themselves may have been identified through prior engagement efforts. For example,
Crausbay et al. (2020) incorporated stakeholder input in a modified horizon-scanning
exercise to identify gaps in the state of knowledge about ecological drought that could
improve management response to events if filled. Related to a needs assessment, but
more specific, is stakeholder engagement for problem framing. Phillipson et al. (2012)
found that this type of engagement resulted in the greatest shift in research relevance to

the stakeholders themselves.

Consult can be applied during the research design and implementation phase to guide
specific decisions on research approaches and methods or to provide specific information
inputs. Data collection or provision is a form of Consult conducted early in research
implementation. For example, crowdsourcing data (a subset of citizen science) can
promote topical understanding and speed the dissemination and management uptake of
findings, while also providing relatively inexpensive data (Lee et al. 2020; McKinley et
al. 2017). Stakeholders also can provide information in the form of their own expertise.
For example, in science syntheses, stakeholders may contribute to or review sections,
such as in the National Climate Assessment (Cloyd et al. 2016). Expert elicitation
processes effectively serve as opportunities to Consult stakeholders when gathering data,
such as the Delphi Method (Naskar et al. 2018). Empirical social science also treats
stakeholders as data sources, to better understand current preferences or inform how
research findings can best inform management options (e.g., Klemm & McPherson,

2018; Wilkins et al., 2019). Another common form of Consult is relying on stakeholder
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expertise to parameterize models, such as the use of Bayesian Belief Networks (Richards
et al. 2013) or other elicitation methods (e.g., see engagement for individual-based

models in Samson et al., 2017).

At the end of a research project, Consult can use stakeholder input to validate a project or
estimate uncertainty in the findings (e.g., Johnson & Gillingham, 2004). Alternatively,
engagement can identify which outputs are most useful and how to disseminate them. For
example, decision support tool development can greatly benefit from Consult to test the
usability of the tool (Oakley and Daudert 2016; Wong-Parodi et al. 2020). End-of-project
Consults can help ensure that research products are useful, such as helping to identify
clear visualizations or review accessible outputs such as fact sheets and online story
maps. A recent project used eye-tracking data from website visitors to better understand
how natural resource managers look for information and how layouts can make research

findings most accessible (Maudlin et al. 2020).

Consult includes a number of approaches for discrete interactions. Examples that seek
breadth of input include surveys and opinion polls or voting on pre-established options.
For more in-depth elicitation, Consult applies focus groups, town halls, interviews, or
expert elicitation. Workshops or “colliders,” where researchers meet intensively with
resource managers about a given modeling effort, can also be considered. Typically,
citizen science projects (or other means of engaging stakeholders in data provision)
define the frequency, thresholds, or occurrences for individuals to gather and send data to
researchers. O’Haire et al. (2011) provide a useful summary of the strengths and

limitations of a number of these engagement methods.
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A key barrier to the Consult process follows from the disconnect between a stakeholder’s
input and the research results. Consult is founded on an assumed “promise” that
stakeholder input will be used, and given the often one-off nature of Consult,
stakeholders may feel exploited if there is no clear pathway between their time and input
and the culmination of — and self-benefit from — the research project (Friesen et al.
2017). Researchers must resist what Arnstein (1969) calls “the empty ritual of
participation,” where input is collected and claimed to be considered but the status quo
persists, particularly in cases where power imbalances exist across groups of
stakeholders. This problem may be compounded as stakeholder engagement requests
increase, with a concomitant decline in survey responses in natural resources social
sciences (Stedman et al. 2019) and growing reports of “stakeholder fatigue” (Bracken et
al. 2015). To resolve this issue, it is imperative that researchers follow-up with

stakeholders, reporting back in detail how their input was used.

Another common barrier is a mismatch in the timing of the stakeholder engagement and
the research input need. Consult elicits input that represents a single moment in time and
that may not match either the researcher’s process nor the immediacy of the stakeholder’s
need for the information and/or outputs produced by the project. Further, in the case of
needs assessments, it may be difficult to elicit useful information from busy stakeholders,
who often are too burdened with projects to think long-term and proactively about their
needs for research outputs that would not be available for multiple years. Seeking to elicit
upcoming key management decisions or problems rather than explicitly asking “what
science would benefit your work?” may assist researchers in overcoming this obstacle

(Beier et al. 2017).
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A shortcoming to Consult is that stakeholder input does not necessarily result in clear
direction for the researcher. Seeking input from a large array of diverse stakeholders is
recommended, but these differences can result in divergent input. Certain approaches,
such as the Delphi Method, seek to bring a smaller group to consensus, but other forms of
engagement, such as surveys, offer no such promise. Further, the input obtained can vary
greatly depending on who or what is asked. For example, Archie et al. (2014) found that
the level of knowledge about climate change greatly affected survey respondents’
reporting of climate adaptation efforts. In general, there is substantial evidence that how
an issue is framed (e.g., presented in a positive or negative light) significantly affects how
stakeholders respond (Scheufele and Iyengar 2017), although there is also research
suggesting ways forward to better elicit input in response to complex issues (e.g., Jansen

etal., 2019).

2.2.3 Participate

Participate encompasses a range of engagement methods whereby scientists and
stakeholders share decision making. Unlike Inform and Consult, these approaches
represent sustained two-way interaction (though the length of time and type of interaction
varies). Stakeholders do not play the leadership role of co-equal project partner or team
member, however, in the manner of Empower. Participate supports science projects that
seek to provide place-based, contextualized, or customized information. Participate
generates information needed to support planning, policymaking, or other kinds of
agency decision making where there is a need to understand stakeholders’ perceptions or
experiences in greater depth than might be captured by a Consult approach. Another

common objective for Participate is when developing a product such as a computerized
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decision support tool or a guidance document that needs sustained input from

stakeholders.

Participate encompasses approaches that engage deeply enough with diverse stakeholders
to gain significant understanding of their point of view, while not fully integrating those
stakeholders into the decision making process. One way to enact Participate approaches
is through iterative engagement with (either the same or different groups of) stakeholders
at defined points in a project’s life cycle. Particularly common in the development of
tangible products such as decision support tools, this approach plans multiple touch
points during a project to engage with stakeholders to ensure that concerns and
aspirations are mutually understood. For instance, users might provide input in the
scoping phase, then provide input to a series of prototype versions as the tool is
developed, have an opportunity to test the final design to improve the usability of a tool,
and finally engage during training sessions to learn how to use the final product (Leitch et
al. 2019). Despite the substantial sustained engagement over what might be a period of
months or years, the stakeholders are not fully integrated into the project team and do not
participate in the work that happens between these discrete touch points. For instance,
they are not included in project management or planning, the evaluation of alternatives,

identifying preferred options, or the technical aspects of tool building.

This iterative process of engaging with users multiple times over the course of the project
described in Leitch et al. (2019) generally follows a framework variously called human-
or user-centered design (Boy 2017; Gasson 2003; Rouse 2007; Wright and McCarthy
2010) or design thinking (Plattner et al. 2011). Such a design framework represents a

structured methodology for developing products or experiences and focuses on
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developing a deep understanding of the intended user’s needs and point of view from the
start of a project. Christel et al. (2018) described a climate services project that used a
design-based approach to create a product to visualize seasonal wind speed predictions
for decision makers in wind energy. The team found that a human-centered design
framework helped sustain cross-disciplinary collaboration between the intended users in
the wind energy industry, the research team, and the visualization experts. Others have
similarly argued that user-centered design improved the development of drought
indicators by providing a systematic method to understand and incorporate the needs of

specific types of drought-information users (Purdy et al. 2019).

Other Participate approaches emphasize the value of incorporating diverse partnerships
and points of view into a project. Translational ecology is an emerging strategy arising
from a recognition among ecologists of the need for actionable ecological knowledge
(Schlesinger 2010). It is defined as “intentional processes in which ecologists,
stakeholders, and decision makers work collaboratively to develop ecological research
via joint consideration of the sociological, ecological, and political contexts of an
environmental problem that ideally results in improved environment-related decision
making” (Enquist et al. 2017). Beaury et al. (2020) used translational ecology as their
strategy for engaging with invasive species managers to understand their needs and
barriers and for developing an agenda for continued interactions between managers and
researchers. This iterative, two-way engagement strategy will inform future research
directions and ensure that scientific findings and outputs are designed to be directly

incorporated into on-the-ground invasive species management.
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Boundary spanning is another broad participatory strategy that recognizes that many
partners might be needed to address issues across the science-policy interface and that
provides guidance for the deliberate engagement of individuals and organizations
(Bednarek et al. 2018; Goodrich et al. 2020). One “boundary organization” can work as a
translator with both science producers and users, or two or more boundary organizations
can join together in a “boundary chain” to collaborate, share costs, and pool resources
(Kalafatis et al. 2015; Kirchhoff et al. 2015); different types of goals or projects will be
easier for organizations at certain points in the chain to accomplish. We have placed
boundary spanning within Participate as the place where this activity is most likely to
occur but recognize that boundary individuals and organizations often utilize approaches

and methods across the entire spectrum of the wheel.

An example of a boundary organization is the National Integrated Drought Information
System (NIDIS). In response to a call from the Western Governors’ Association for
integrated physical, hydrological, environmental, and socio-economic decision-ready
drought data and tools (WGA 2004), the National Oceanic and Atmospheric
Administration (NOAA) created NIDIS. Recognizing the existing expertise and breadth
of ongoing drought science, NIDIS brings together federal, state, local, and Tribal
agencies and taps into existing data and information networks to identify management
needs, synthesize science, and create decision support tools. NIDIS also leverages
partnerships with other boundary organizations, such as the National Drought Mitigation
Center and the NOAA Regional Integrated Sciences and Assessments Teams, to facilitate
and synthesize dialogue from national and regional working groups at a variety of scales

(NIDIS 2016). Spanning a broad pool of science producers, users, and other boundary
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individuals and organizations allows NIDIS to efficiently and dynamically call on

expertise, capabilities, and resources to address questions and challenges as they arise.

Engagement methods for Participate overlap with Consult and Empower but are
distinguished from the first by the depth of the engagement and from the second by the
way that the research team retains control of decision making throughout the engagement
process. Methods include surveys and semi-structured interviews, though with more
interaction than Consult. For instance, the same survey might be administered at multiple
points in time, or a research team might do a set of interviews and then have a follow-up
workshop to share results and get feedback about how the team is interpreting the
findings. Other engagement methods include repeated focus groups or listening sessions,
whose potential for social learning can support the need for diverse perspectives of
Participate methods (Gerlak et al. 2020), or advisory boards, which provide a formal
means for stakeholders to continually provide input to a project. For example, during the
State of California’s process of siting new marine protected areas under the auspices of
the Marine Life Protected Act Initiative, the Science Advisory Team provided ongoing
guidance about how to evaluate the scientific merit of proposals (Saarman et al. 2013).
Projects using human-centered design approaches also might draw inspiration for
engagement methods from the field of design; for instance, designers make extensive use

of participant observation (IDEO.org 2015).

Simulations, scenarios, and role-playing games can educate stakeholders to understand
how to use scientific data and information, build collaborative decision making capacity
around wicked problems, and create local or regional communities of practice for

sustained social learning (Rosendahl et al. 2019; Rumore et al. 2016). For instance,
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drought simulations have aided local, state, and national drought preparedness and
planning efforts (Bathke et al. 2019). The U.S. Geological Survey’s Science Application
for Risk Reduction (SAFRR) Project runs large-scale scenarios (i.e., 200+ person) to
support communities in preparing for natural disasters (Porter et al. 2011; Ross et al.
2013). Demonstrating the complex consequences of hazards, such as earthquakes,
SAFRR scenarios allow stakeholders to participate in hazard response and recovery
exercises designed to connect scientific information and community needs around natural

disasters.

There are three common barriers to using Participate approaches. One, this approach
requires the time, resources, and expertise for researchers to run such an engagement
effort because it relies on deep stakeholder engagement sustained over the course of a
project (Kemp et al. 2015). Two, it requires that the chosen stakeholders similarly have
the time, capacity, and motivation to (or expected benefit from) participation (Bracken et
al. 2015). Three, at the beginning of a project, it may not be possible to precisely define
when, how, or with whom engagement will happen; hence, sustained engagement,
especially across multiple points in time, requires flexibility and adaptability (LaChapelle

et al. 2003).

2.2.4 Empower

As in Participate, approaches within Empower require sustained, two-way interaction
between stakeholders and researchers. In Empower approaches, however, stakeholders
are included as co-equal team members through every step of the project, including but
not limited to defining the problem statement, designing research questions, selecting

methods, collecting and interpreting data, and developing output products. Stakeholders
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are entrusted to make project decisions; not just to participate in or be consulted on
project decisions. To build and sustain the partnerships needed for Empower approaches,
researchers and stakeholders must dedicate significant resources (e.g., time, money)
within the project towards engagement. When viewed from outside of the project team,
Participate approaches with highly equitable stakeholder inclusion may appear to be

indistinguishable from Empower approaches.

Empower approaches can be particularly effective when projects take place within
contexts where the voices of particular stakeholders or rights-holders have been muted or
disenfranchised in decision making processes (Ardener 2005; Orbe 1998). Empowerment
of stakeholders can result in fundamental shifts in power and governance by placing
equal importance on information from diverse knowledge systems (Wyborn et al. 2019)
and by allowing for holistic representations of human-nature connectedness informed by
the ethics of care (West et al. 2020). As a result, Empower can support the creation of
place-based science where local knowledge is critical and the implementation of

inclusive science-informed plans, decisions, or actions.

Co-production is the term often used to describe the process of engaging with and
empowering stakeholders in the process of creating actionable science (Meadow et al.
2015). Hegger et al. (2012, 2014) instead suggest calling this approach joint knowledge
production, as the term co-production is used by Science and Technology Studies
scholars to refer to mutually shaping interaction between the production of knowledge
and the production of social order (Jasanoff 2004). The foundational principles of joint
knowledge production include that the scientific objectives must be grounded in the

decision context, that iterative discussions between all members throughout the project
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are essential, that management risk and scientific uncertainty must both be clearly
defined and communicated, and that the process of engagement is just as important as the
outputs and must be evaluated (Beier et al. 2017). Scientists and non-scientists work
together to include and give equal weight to local knowledge and qualitative information
in the sum of the evidence considered by the project team (e.g., Diver, 2017). Joint
knowledge production that ignores power differentials can reinforce power imbalances
and impede wider societal progress (Turnhout et al. 2020), and the removal of local
knowledge from the context of its production can result in outputs and outcomes that are
ineffective for local governance and practices (Klenk et al. 2017). We have situated joint
knowledge production within Empower but recognize that, in practice, researchers often
utilize joint knowledge production principles in forms that span other segments of the

wheel (e.g., contractual, consultative, and collaborative in Meadow et al., 2015).

Approaches similar to joint knowledge production include consensus building, action
research, and participatory design. Consensus building entails iterative, usually
facilitated, conversations with stakeholders to determine outcomes that are at least
acceptable to all involved. Consensus building not only considers the range of
stakeholder views on an issue but explicitly recognizes power differentials between
stakeholders and focuses on distributing power in a just and equitable manner (Prior
2013). Action research acknowledges that blending theory and practice to create solutions
to real-world problems requires a deep understanding of the values of the individuals and
communities involved. Action research also recognizes that researchers and stakeholders
are continually impacted by their interactions and can learn and evolve over the course of

the project (Bradbury et al. 2019; Brydon-Miller et al. 2003). Participatory design
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emerged from the production of informational technologies as a process by which users
and designers can experience mutual learning and co-design products (Simonsen and
Robertson 2013). Users and designers participate in frequent, iterative conversations such
that re-design elements can be continually and critically examined for usefulness and
usability (Kruk et al. 2018). Important to all these approaches is active stakeholder

participation characterized by inclusion and empowerment (Few et al. 2007).

Specific tools support empowering stakeholder voices by shifting the balance of power
and purposefully including end-user knowledge and perspectives in the production of
scientific research. Counter-mapping or participatory mapping allows local stakeholders
to develop visual representations of the spatial relationships between physical locations
and boundaries and can be effective for establishing Indigenous rights and sovereignty
(Rundstrom 2009). Discourse-based valuation diverges from conventional valuation of
public goods by examining convergent values across a group of stakeholders through a
well-ordered deliberative forum as opposed to aggregating individual preferences. This
method provides a non-market based valuation for public goods that can enhance social
equity (Wilson and Howarth 2002). Scenario planning provides a structured format
through which researchers and managers can explore quantitative and qualitative “what
if” scenarios for the future together. Participants are able to consider multiple, layered
dimensions of uncertainty and risk and are encouraged to consider innovative or outside-

the-box resource management next steps (Symstad et al. 2017).

In addition to this sample of high engagement methods and techniques, Empower
projects can utilize those from the Inform, Consult, and Participate approaches at various

points in the engagement process, in combination with each other, and at increased
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frequency. Projects have flexibility in selecting which of these tools to use in which
circumstances and thus need to carefully consider their individual strengths and
weaknesses. While there is often no single right engagement method to use, selecting the
wrong method can widen the gulf between researchers and stakeholders (Lynam et al.

2007).

Barriers for Empower approaches include many of those described for Inform, Consult,
and Participate. Additionally, Empower can be particularly hampered by the unique
cultural and institutional barriers faced by both stakeholders and researchers (Jarvis et al.
2020). For example, Archie (2014) found that elected officials were less likely than
career officials to consider climate change a priority for planning in Rocky Mountain
communities. Without effective leadership, shifts in political will or agency priorities can
redirect the allocation of resources and leave stakeholders with limited scales of influence
(Moser and Ekstrom 2010). Formal implementation of environmental legislation also can
impede adaptation planning if it is perceived as prescriptive (e.g., Endangered Species
Act, can prevent action) and not process-oriented (e.g., National Environmental Policy

Act, informs but does not prevent action) (Jantarasami et al. 2010).

Researchers also face a number of barriers to engaging in Empower approaches.
Unpublished research by the second author of this article (Cravens) noted that funding
models, data access, job descriptions that omitted stakeholder engagement, and similar
constraints prevented producers of drought information from engaging with stakeholders
in ways they wished, even though the majority recognized the importance of stakeholder
engagement to effective tool development. Academic faculty, especially those who are

pre-tenure, may not be evaluated favorably unless they produce peer-reviewed
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publications. In such cases, researchers also must consider the costs of investing in
relationship building and stakeholder engagement with no guarantee of scientific outputs
or even management impact (Oliver et al. 2019). In these situations, the process of
Empower itself can sometimes be considered as an important outcome. Interactions that
are part of a project whose goals are not fully realized can be essential to strengthening

relationships and provide a foundation for future success (Jagannathan et al. 2020b).

2.3. Guidance for actionable science engagement approach selection

A project team may elect to Inform stakeholders when providing rapid response
information in a crisis situation, working with a homogenous or well-studied community,
or responding to needs that already have been clearly articulated. Consulting stakeholders
may be appropriate when the stakeholder community is large and diverse, whereas using
Participatory approaches may work best when the stakeholders and their needs are able to
be well defined. Empowering the stakeholders may be an option when a project is
addressing a complex, non-time sensitive issue or in decision contexts where a shift in the
balance of power between groups of stakeholders or between end-users and researchers
needs to occur. The wheel of participation represents a continuous spectrum, such that
individual engagement approaches may span across segment boundaries depending on

implementation.

It is important to note that there is no individual “best” approach to engagement and that
the use of multiple approaches may be needed to engage with different stakeholders on
the same project. We suggest some guiding thought questions in Table 2.2 that
researchers can use when selecting an approach. We provide sample end point answers to

the Inform, Consult, Participate, Empower spectrum that researchers can use to gauge
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where their answer to each thought question falls. Multiple answers clustered under a
single approach might provide an indicator of what kind of engagement a researcher can
start exploring for their project. Conversely, answers that span approaches might indicate
the need to use a range of engagement approaches or methods to achieve project

objectives.

We strongly encourage researchers to keep in mind cultural elements when selecting an
approach and to default to the use of Empower approaches when working with muted
groups. For example, when engaging with Indigenous communities, it is important to
start with a justice-forward mindset, moving past only addressing historical wrongdoing
to actively leading the removal of institutional and bureaucratic obstructions in order for
partner communities to flourish (Whyte 2014). While there is a demonstrated need for
training to inform how non-Indigenous researchers ethically engage with Indigenous
communities without causing additional harm (Kirby et al. 2019), all researchers can
keep in mind that there are tipping points around the areas of consent, trust,
accountability, and responsibility which may result in permanent and irreversible
relational damage if crossed (Whyte 2020). Demands for stakeholder input and
participation may also be particularly burdensome to these communities when projects do
not provide them with adequate support for the capacity and resources necessary to
respond. Although the research community has taken some steps to move from an
extractive model of Indigenous knowledge (Matsui 2015) to an integrative model of
bringing together Indigenous and Western ways of knowing (e.g., Two-eyed seeing in

Bartlett et al., 2012), we must now encourage research leadership that is foundationally
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grounded in Indigenous scholarship and that empowers Indigenous ways of knowing,

sovereignty, and self-determination (Kimmerer 2014; Latulippe and Klenk 2020).

Additionally, a lack of good communication between scientists and decision makers is a
major barrier to evidence-informed conservation policy (Rose et al. 2018), and we thus
encourage researchers to explicitly address communications when selecting an
engagement approach. Social processes that aid in knowledge exchange within a group
include cultivating an atmosphere of psychological safety and trust from the beginning,
using laughter and humor throughout the conversation to regulate the collective mood,
and regularly reflecting group dynamics back to the group to promote communal
ownership of process and outcomes (Morisette et al. 2017). Fundamental to this exchange
are good communications practices for improving information relevance and uptake:
encouraging critical thinking, valuing multiple types and lines of evidence over opinions,
avoiding excessive jargon, and eliminating pointless meetings (McCarthy et al. 2020). To
sustain strong relationships over the long-term, good communication must be augmented
by supportive organizational behavior centered on trust, commitment, and openness

(Ledingham 2003; Ledingham and Bruning 1998).

While the focus of this article is to provide the research community with a framework
and guidance for engaging with stakeholders, such information may also be valuable to
practitioners working at the nexus of knowledge creation, synthesis, translation, and
application. Individuals and organizations in boundary spanning roles can be integral
initiators and facilitators of the dialogue between researchers and stakeholders, often
investing in long-term relationship building across diverse communities. Such boundary

spanners can use this framework to help researchers and stakeholders negotiate an

36



appropriate role within a project that best suits their application needs and available
resources. Program administrators and funders of actionable science projects also have a
role to play; by asking researchers to articulate how stakeholder engagement strategies
support a given project’s scientific objectives, administrators and funders can encourage
thoughtful approach selection. Finally, resource managers, or any stakeholders, can
benefit from this framework by engaging in projects that have a well-considered
articulation of how their role and the selected engagement approach is likely to result in

outputs and outcomes that meet their decision or planning needs.

2.4. Conclusions

In this article, we have adapted Davidson’s wheel of participation to create a standardized
vocabulary for actionable science researchers and the wider scientific community to use
when determining their stakeholder engagement strategy. Our adapted framework puts
different approaches to stakeholder engagement on a continuous spectrum (Inform,
Consult, Participate, Empower) and demonstrates that there are multiple paths to the
same end goal of actionable science. We emphasize the need to find the right fit for each
specific project and stakeholder community, and we provide high-level direction on how
selection of an approach might be influenced by both the characteristics of the research
context (e.g., science objectives; Table 2.1) and the decision context (e.g., power and
stakeholder dynamics; Table 2.2). Our suggested guiding thought questions give
researchers factors that they might want to consider in designing their stakeholder

engagement strategy.

Researchers can also use our adapted framework when describing their projects to

funding agencies, senior leadership, or evaluators. Public science funders are increasingly
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requiring stakeholder engagement as part of their funding criteria to increase the
relevance of research outputs to society (Arnott et al. 2020a). These requirements likely
will expand over time, as evidence demonstrates that well-designed stakeholder
engagement can lead to scientific uptake in the policy process (e.g., Nguyen et al., 2019).
By providing researchers with the language and context for selecting a particular
approach, this framework can help provide justification for why a project might be
required to invest substantial time and resources into engagement and why institutions
need to consider this work as an integral part of the scientific process (i.e., a research and
creative activity rather than as professional service or outreach). A constraint of the
framework, however, is that it does not provide definitions for what successful
engagement and actionability look like and how those characteristics might be measured
and evaluated. Wall et al. (2017) can serve as a starting point for researchers interested in
defining and evaluating success, but deeper consideration was outside the scope of this

article.

We have presented our framework for stakeholder engagement using the example of
climate change, which shares many qualities in common with other wicked problems in
environmental and sustainability science. These challenges are ill-defined and multi-
layered, have no clear single optimal solution, require value judgments to resolve, and
may continue on in the form of a new wicked problem once action has been taken (Rittel
and Webber 1973). Science to address wicked problems in general requires an actionable
approach and at least some degree of engagement with users of the science. Thus, our
framework could potentially be generalized for use by researchers across these fields and

is not necessarily constrained solely to the topic of actionable climate adaptation science.
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Figure 2.1 - Adapted wheel of participation

Outer text organizes strategies for the creation of actionable science described in this
article by their corresponding approach from the wheel of participation; inner text is from
Davidson (1998) and demonstrates the continuous spectrum of community engagement
across each approach. Inform is characterized by minimal interaction with stakeholders,
focused on one-way communication of quality information. Consult includes collecting
targeted input from stakeholders, whereas participate is distinguished by active
partnership with stakeholders that allows them limited decision making capabilities. The
empower segment seeks to delegate or entrust stakeholders with significant decision
making power such that they become coequal team members.
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Table 2.1 - Summary description of each approach from the adapted wheel
Summarized by intended project objective(s), potential engagement methods, common
barriers, and case examples.

Inform Consult Participate Empower
Project Create and Need stakeholder Provide place-based, |Consider stakeholder
objective(s) [disseminate datasets |input on certain contextualized, or input and decisions
applicable across a  |specifics of the customized to be co-equal to the
broad geographic broader research information to rest of the research
scale; Summarize a |project, e.g., needs  [support planning, team;
large body of assessment, design  |policymaking, or Fundamental shift in
science; Require and implementation, |other kinds of agency [power and
scientific legitimacy |or products and decision making governance
that stands above the [outputs
political or policy
context
Engagement [Traditional scientific |Surveys, focus Sustained and Tools to shift the
methods publications, groups, town halls, |iterative two-way balance of power
webinars, seminars, [and other modes of |interaction with such as counter-
presentations, white |expert elicitation individuals via mapping, discourse-
papers, briefings, repeated Consult based valuation, or
brochures, and fact methods, advisory  |scenario planning
sheets boards, or
simulations
Common Limited access to Implicit expectations |Significant resources |Cultural and
barriers information behind [that stakeholder must be dedicated to [institutional barriers
paywalls; input will be utilized; [engagement by both |such as shifts in
Communicated ina |Mismatch in timing [the researchers and |agency priorities,
way that’s not between research the stakeholders; implementation of
obviously relevant to |progress and Requires adaptability [legislation, and the
the end-user decision context; and flexibility to lack of recognition
Lack of clarity in changing needs for engagement work
stakeholder response
Example Stakeholders learn  |Stakeholders identify [ Stakeholders help Stakeholders are an
about project results |desired model output |refine research integral part of
via a public webinar [and late how to questions and science team and
summarize it provide input at help define research
usefully via two regular points during |questions, approach,
surveys research process and products
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Table 2.2 - Guiding thought questions
Questions inform the selection of an engagement approach across the inform, consult,
participate, and empower spectrum. Each question provides example end points, which
researchers can use to situate themselves along the spectrum. A clear answer may emerge
if multiple responses cluster under a single approach.

money, staff, etc.) are available
for engaging with
stakeholders?

engagement are
low or non-
existent

Question Inform Consult | Participate | Empower
1. To what degree do the Legitimacy comes & - Legitimacy comes
products need scientific from complete from engagement
legitimacy above the political | scientific process
or policy context? independence

|
2. Who makes decisions about | Decision roles are = & - Key stakeholders are
managing this resource? What | well defined and somehow
do the power and governance | balanced, no marginalized,
structures look like? stakeholders are excluded, muted, or

excluded disenfranchised

|
3. Considering the size and Broad and diverse & - In-depth, focused
diversity of your stakeholder insights, covering insights, covering
community, from what kind of | many stakeholders key stakeholders
insights would your project
most benefit?

|
4. How well understood are the | Stakeholder needs ¢ - Stakeholder needs
stakeholder needs and the are well are poorly
decision context? What understood, large understood, no pre-
information already exists from | volume of pre- existing information
previous formal or informal existing
needs or vulnerability information
assessments?

|
5. What resources (time, Resources for & > Resources for

engagement are
plentiful

6. What kind of leadership or
institutional support exists for
this kind of work?

Engagement work
is penalized

é

-  Engagement work is

recognized and
rewarded
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3.0 Abstract

To help stakeholders such as planners, resource managers, and policy and decision

makers address environmental challenges in the Anthropocene, scientists are increasingly

creating actionable science -- science that is useful, usable, and used. Engagement of
stakeholders in the creation of scientific knowledge is one recommended approach to
ground scientific objectives within the context of stakeholder needs and to produce

outputs that are directly relevant to stakeholder plans, decisions, or actions. However,

previous studies have demonstrated that there can be a gap between the goals and

aspirations of projects intending to create actionable science and the resulting outputs. In

this paper, we utilize the core principles for ethical research of respect for persons,

beneficence, and justice from the Belmont Report (1979) to examine the perspectives of

stakeholders engaged in climate adaptation science projects. We argue that poorly

conceived stakeholder engagement can result in individual or community harm to

stakeholders, and we challenge scientists to consider the broader ethical implications of

engaging with these partners.
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3.1 Introduction

3.1.1 Background

As the Anthropocene unfolds, resource managers and scientists have identified a number
of challenges where humans are the primary force behind environmental changes that are
taking place in complex and interacting ways (Butler 2021; Crutzen 2006). Producing
knowledge to address these challenges is common to geography as a discipline, with its
focus on human-nature interactions, place-based solutions, and cross-scale connectedness
(Larsen and Harrington 2021; Simm et al. 2021). However, such knowledge is also being
produced in large quantities in disciplines outside of geography (e.g., wicked problems
(Rittel and Webber 1973); action research (Brydon-Miller et al. 2003)), creating an
opportunity to share ideas and lessons learned across disciplinary boundaries. In this
paper, we intentionally choose to use some concepts and terminology that are found
outside of geography to broaden the accessibility of our findings and to foster cross-

disciplinary dialogue.

To help decision makers identify possible solutions to these environmental challenges,
including adapting to climate change, scientists' have begun to focus on the production of
actionable science — science that is useful, usable, and used (Beier et al. 2017; Dilling
and Lemos 2011; Winkler 2016). End users of science, such as these decision makers, are

stakeholders? in the research process, with their applications of scientific findings, data,

' We use scientists to refer broadly to those conducting research with a goal to generate new
knowledge, recognizing that some readers may be uncomfortable with this term. We
acknowledge that people from sectors and disciplines beyond science (e.g., practitioners)
frequently act in this space. However, for reading clarity, we use the term "scientist" rather than a
list throughout.

2 We recognize that Tribal and Indigenous peoples and communities may be end users of
science who hold unique rights to sovereignty and self-governance. These end users are more
appropriately designated as rights-holders, not stakeholders, in the research process (Sarkki et
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and products ranging from being better informed to incorporating content into a plan,
decision, or action (VanderMolen et al. 2020). Participation of stakeholders during the
scientific process, also called stakeholder engagement, provides them with the
opportunity to have input on decisions that may affect their communities or ecosystems
of concern and can bring to light new perspectives on challenges and solutions that may
not occur to scientists (Fiorino 1990). Additionally, stakeholder engagement can
stimulate social learning by bringing individuals together around a shared problem and
has the potential to improve the context-relevance of findings and outputs (Schmidt et al.
2020). However, there are many approaches to stakeholder engagement available to
scientists (Bamzai-Dodson et al. 2021), raising tricky questions around who is allowed to
participate, when and how that participation will occur, and how dissent will be managed

(Sprain 2017).

Co-production is one approach to stakeholder engagement that emphasizes an iterative,
two-way knowledge exchange between scientists and stakeholders and foregrounds
stakeholder challenges to motivate the project design (Beier et al. 2017; Meadow et al.
2015). In these applied contexts, co-production is sometimes termed joint knowledge
production (Hegger et al. 2012) to distinguish from its use in Science and Technology
Studies to describe the mutual shaping of science and society (Jasanoff 2004). Co-
production can occur at multiple stages throughout a single project (e.g., development of
the research questions, selection of methods and techniques, collection of data, tailoring

of outputs to support end-use) and also can accomplish long-term goals (e.g., co-

al. 2021). In this paper, we nevertheless use stakeholder as a concise, overarching term for both
rights and non-rights holders who have an interest in or concern about the topic of study.
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evolution of institutional cultures, improved community wellbeing) across multiple
project engagements (Wyborn et al. 2019). Co-production has been highlighted as a way
to more equitably incorporate the diverse knowledge forms and professional networks of
local experts into research and dissemination processes (Laursen et al. 2018). For many,
these benefits have resulted in co-production being elevated as the “gold standard”

strategy for stakeholder engagement.

Although many scientists intend to use stakeholder engagement to create actionable
science and systemic change, there can be a gap between the intended project goals and
the achievement (and documentation) of outcomes. Previous studies have shown that
scientists struggle to move from producing incremental improvements in data quality to
creating transformational products that aid better decision making (Findlater et al. 2021)
and that projects that engage stakeholders seldom result in significant changes in cultural
norms or power dynamics (Jagannathan et al. 2020a). A broad systematic review of 478
studies at the science-policy interface found that while most aimed for ambitious
knowledge exchange goals, only some (250 studies) conducted a data-driven evaluation
of usability and even fewer (93 studies) conducted a data-driven evaluation of use
(Karcher et al. 2021). Similarly, Pearman & Cravens (2022) found that creators of
drought decision support tools emphasized the importance of stakeholder engagement
principles to the tool creation process and to claimed successful adoption of those tools in
decision making. Nevertheless, those same tool creators primarily conducted engagement
in an informal manner and rarely conducted a formal evaluation of the usability or use of
a tool (ibid). Despite existing evidence-based recommendations on the project roles that

stakeholders can fill (Carney et al. 2009), strategies for including them (Daniels et al.
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2020; Steger et al. 2021), and approaches for evaluating the resulting process and
products (Owen 2021; Wall et al. 2017), many scientists still struggle to fulfill their

claims of actionable science.

At the same time, building off Arnstein’s (1969, p. 216) ethical caution against the
“empty ritual of participation”, scientists are recognizing the potential harms to not
carefully considering why stakeholder engagement is the right fit for a project, how
information will be collected from and returned to stakeholders, and how stakeholder
input will be used to inform project design and outcomes (Dilling et al. 2021; Lemos et
al. 2018). When scientists do not reflect on these questions, the unintended consequences
can include mismanaged expectations, often leading to exploitation of resources (e.g.,
time) and fatigue (Clark 2008) and sometimes even to outright hostility (Brittain et al.
2020). Poor engagement can be particularly harmful when working with under-resourced
or under-served communities. An analysis of 125 climate studies in Indigenous
communities found that 87 percent of them were conducted in an extractive way, utilizing
Indigenous knowledge without adequate inclusion or recognition of Indigenous
knowledge holders (David-Chavez and Gavin 2018). As Lemos et al. (2018, p. 723)
contend, the gap between the goals and outcomes of stakeholder engagement must be
closed to prevent it from "becoming an end in itself, glossing over the very values and
goals that often inspire scientists and stakeholders to engage with one another." In other
words, more engagement is not always the answer to improving outcomes, especially

without consideration of both positive and negative consequences to stakeholders.

In this paper, we argue that scientists must proactively consider the ethics of engaging

with stakeholder partners, including when such engagement may not be considered
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human subjects research. We draw on literature from geography to summarize existing
lessons that can be applied to actionable science. We also conduct novel analysis on the
perspectives of stakeholders engaged in co-produced climate adaptation research projects
to better understand how they perceive the impact of such engagement and the benefits

and harms that they experience.

3.1.2 Dialogues from geography that inform stakeholder engagement

Here, we highlight ideas from geography that underscore the importance and relevance of
such literature to the production of actionable science and to the engagement of
stakeholders in the research process. Underpinning this literature are the individual
perspectives that scientists and stakeholders bring to a project, which contribute to what
someone chooses to study, how they form research questions, what methods and data
they consider relevant and appropriate, and the context(s) in which they elect to interpret
their findings (Khagram et al. 2010). A key area of dialogue across human and physical
geography surrounds reflexivity, definitions of which range from direct self-reflection by
scientists about how their individual perspective influences their decisions to critical
thinking by a research team about power and partnership dynamics (Bostrom et al. 2017;

Montana et al. 2020).

Reflexivity is a process by which one can examine their role as a scientist, their
positionality, and how their choices influence their science (Hakkarainen et al. 2021;
Holmes 2020). One goal of reflexivity can be to examine ethical considerations across
multiple dimensions, including conflicts between scientist and stakeholder value systems
and the power dynamics among competing interests (Brittain et al. 2020). This

deliberative process can be especially important for establishing reciprocity with
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traditionally under-resourced or under-served stakeholder communities and ensuring
equitable distribution of research benefits. For example, reflexivity might help scientists
identify strategies to de-emphasize their role as an authority figure in conversations,
setting an inclusive atmosphere and leading to more equitable consideration of ideas
(Diver and Higgins 2014). Reflexivity can also help scientists select culturally
appropriate language and mediums for communicating findings, ensuring that

information is shared in the form that best fits community needs (ibid).

An example of reflexivity in geography is embodied in critical physical geography
(CPQG), a call to integrate the insights and strengths from critical human geography and
physical geography to better understand the impact and consequences of research on
society (Lave 2014; Lave et al. 2018). CPG recognizes that choices made by scientists
during knowledge production influence what is studied and how data and results are
interpreted, which can have a resultant impact on decisions and policies informed by that
evidence (Lane et al. 2018). As a result, CPG encourages scientists to question
established norms in methods and analysis and devise new approaches to evaluate and
make such choices (Tadaki 2017). CPG can teach scientists producing actionable science
how reflexive consideration of their own invisible agenda is an opportunity to take

responsibility for the legacy of the knowledge they produce (Tadaki et al. 2015).

A CPG approach to actionable science for climate adaptation would interrogate whether
such knowledge production is being led by the people and conducted in the places where
climate impacts will be most keenly experienced (Colven and Thomson 2019). However,
most scientists rarely discuss reflexivity and ethics in their work and when they do, they

often struggle to move that knowledge from theory to practice (Ferraro et al. 2021). To

49



help overcome barriers to reflexivity, Beck et al. (2021) provide practical prompts over
four distinct dimensions: understand your purpose, establish real connections, inform and
transform, and learn from the past. While it is not a realistic expectation that all scientists
and stakeholders gain a deep understanding of the above knowledge before they work
together, there are some principles gained from human subjects research that could be

brought to bear.

3.1.3 Research ethics related to studies of human subjects

Stakeholder engagement differs from human subjects research in that research is
conducted in collaboration with other human partners as opposed to research data being
collected from human subjects. However, human subjects research holds important
historical lessons that can be applied to stakeholder engagement. Prompted by ethically
abusive biomedical experiments such as those revealed during the Nuremberg War Crime
Trials (International Military Tribunal 1949; Katz 1996) and the Tuskegee Syphilis Study
(Brandt 1978), the Belmont Report outlines unifying ethical principles to which scientists
working within the U.S. must adhere to protect the interests and rights of human subjects
(United States 1978). The report describes three foundational principles and their
application in a research setting: respect for persons (participants are able to provide fully
informed and freely given consent), beneficence (benefits of participating are likely to
outweigh the harms), and justice (vulnerable populations are not exploited when
distributing research burdens and benefits) (ibid). Even today, the report remains the
foundation for protective regulation by the U.S. Department of Health and Human
Services, and the principles are codified in the widely used Institutional Review Board

(IRB) process.
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In the decades since, continued examination has found that the Belmont Report principles
are not perfect nor are they all-encompassing. Examples of identified gaps include overall
conceptual vagueness, especially in how the three ethical principles relate to each other
(Miller 2003); minimal consideration for the ethics of experimental design (Vollmer and
Howard 2010); and an inability to cope with new concerns around big data and
participant confidentiality (Friesen et al. 2017). Community-based participatory
researchers struggle with the rigidity of the IRB approval process and implementation of
these ethical principles, as their research approach requires shared project decision
making and flexible protocols (Shore 2006). In addition, the Belmont Report focuses only
on consideration of individual harms and ignores the potential for community harms
(Tsosie et al. 2019), which is particularly important in respect to Tribal sovereignty,

solidarity, and self-determination (Friesen et al. 2021; Saunkeah et al. 2021).

Perhaps most importantly, researchers are building on these basic principles by
examining the ethical decision space that scientists face outside of formal
institutionalized processes for human subjects research (e.g., IRB approval). One case
study described using an informal yet nuanced consent process that was continually
renegotiated from the pre-proposal stage until well after the official end of the project
(Cockburn and Cundill 2018), and an analysis of five case studies documented the
importance to stakeholders of early conceptual benefits (e.g., better understanding of a
system) in building a strong trust-based relationship that eventually yielded instrumental
benefits (e.g., recommended actions to implement) (Ferguson et al. 2022). Other scholars
have proposed supplementing the Belmont Report principles with appropriate

representation (how human and non-human elements are represented in a project), self-
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determination (respect for power and sovereignty), reciprocity (ensuring direct and
tangible benefits for partners), and deference (respect for all knowledge systems)

(Wilmer et al. 2021).

Even with these limitations, the Belmont Report principles can be useful for examining
how scientists’ ethical responsibilities extend from human subjects to stakeholder
engagement. The core principles of respect for persons, beneficence, and justice are
intended to be foundational to research involving humans, so they arguably should also
emerge in any kind of evaluation of research conducted in collaboration with human
partners. Previous research in this area has primarily examined the perspective of the
scientist on why they engage with partners (e.g., Clark, 2010; Pearman & Cravens, 2022;
Steger et al., 2021), yet the voices that can most strongly speak to usability and
reciprocity are those of the stakeholders. Here we focus on stakeholder perspectives to
better understand the benefits and harms that they experience while participating in

knowledge production.

3.2 Methods

The data and results presented here are part of a broader initiative to describe and
understand the impact of scientific projects funded by the U.S. Geological Survey North
Central Climate Adaptation Science Center (NC CASC). This initiative included a
document review of project proposals and reports, a survey of stakeholder participants in
these projects, and interviews with a subset of surveyed stakeholder participants. This
paper is an analysis of the interview data, for which IRB approval was obtained via
Colorado State University. The full interview protocol and a description of the methods

are available within Middleton (2020).
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Projects funded by the NC CASC are intended to produce regional science to aid natural
and cultural resource managers in responding and adapting to the impacts of climate
change, and investigators were encouraged from the proposal development stage onwards
to utilize co-production as their stakeholder engagement approach. We use the NC CASC
project portfolio as an exemplar case study that can provide generalizable results to other
cases (Flyvbjerg 2006) because of each projects’ intent and claim to engage stakeholders

in the co-production of actionable science.

The primary investigators for sixteen distinct NC CASC projects were contacted to
identify the stakeholders with whom they attempted to engage in co-production.
Investigators returned a total of 188 unique contacts (all invited to complete a survey for
the broader initiative). A subsample was generated using two main criteria: 1) identifying
the one or two most highly engaged individuals for each of the projects, and 2) obtaining
a diverse representation of agencies or institutions. Fifteen individuals from this
subsample consented to an interview in which they were asked semi-structured questions
about their roles, expectations, and outcomes while engaged in the project. Interviewees
were federal, state, non-governmental (NGO), and community planners and decision
makers. We use the term “Tribal” to describe the two interviewees who were enrolled
members of federally recognized Tribes and “Indigenous” to describe the sole
interviewee who was a non-federally recognized Native Hawai‘ian. Some interviewees
disclosed that they held scientific position titles, such as ecologist or conservation
specialist, but their primary duty was to serve as a technical expert and not to conduct

novel research.
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Interviews were conducted primarily by video chat (or phone when not possible)
individually, except for one case when two participants were interviewed together.
Recordings (obtained with consent) were transcribed by an external service and checked
for accuracy. For consistency, we continue to use the previously published interviewee
labels (not numbered one through fifteen), although the category labels have no bearing
on the results presented here. Interviews were coded in NVivo (QSR International Pty
Ltd. 2020) by a single researcher using a modified grounded theory approach (Corbin and

Strauss 2008). Table 3.1 is a list of all themes that emerged during initial coding.

We then synthesized the wider literature surrounding stakeholder engagement to generate
ideal definitions for what the three Belmont Report principles look like when
operationalized in the context of co-production. First, we align respect for persons with
the engagement best practice of including stakeholders in defining and consenting to
project roles, goals, and expectations (Carney et al. 2009). Second, we align beneficence
with the engagement best practice of prioritizing the development of research findings
and products to benefit stakeholders (McNie 2007). Finally, we align justice with the
engagement best practice of avoiding exploitation and extraction by proactively
considering historic and present-day inequities and transparently building trust in under-
resourced or under-served communities (Chief et al. 2015). Table 3.2 maps key emergent

themes from the initial coding to the ideal definitions.

In the Results and Discussion section, we examine the key emergent themes from our
interview data and explore how our interviewees perceived adherence to these principles
for each of the projects in which they were involved. Because interviewees represent

neither a random nor representative sample of stakeholders, we do not provide
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quantitative results of our coding. Instead, our results describe the perspectives of highly
engaged stakeholders and qualitatively identify narratives and concepts that warrant
further exploration (Rust et al. 2017). We follow published standards for the best
available social science (Charnley et al. 2017) to ensure the accuracy, reliability, and

relevance of our findings.

3.3 Results and discussion

This section comprises three subsections, each which summarizes stakeholder
perspectives aligned with one of the Belmont Principles and its associated key emergent
codes from Table 3.2. Discussion and interpretation of the data are presented alongside
the results. Quoted material is lightly edited for brevity, clarity, and to ensure privacy
(e.g., removal of filler words, false starts, and identifying information). Any changes do

not alter intent or meaning.

3.3.1 Belmont principle #1: respect for persons

Existing recommendations for stakeholder engagement in a research project include
identifying the purpose for engagement, the role that the stakeholder will serve within the
project, and the mechanism and process for engagement, all prior to the start of the
project (Carney et al. 2009). These actions ensure that the stakeholder can clearly
understand their role and freely consent to participating in the project. However,
interviewees in our sample perceived a wide spectrum of understanding and definition
around the roles, expectations, and engagement processes across the projects in which

they participated.

Stakeholders held positive perceptions about projects that established roles and processes

early and repeated that information often to ensure that there was well-established mutual
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understanding and agreement. A federal resource manager shared “I can't stress enough,
early on in the process, identify the right people to bring in” (RD2). One board member
of a water conservancy district highlighted the importance of repeatedly convening the
group: “At the beginning of every season, [project investigator] would hold a workshop
with [project co-investigator] to get everybody back on board, remind them what we're
doing, what the overall goals were, then, hit the field” (N1). The director of an
Indigenous-led conservation NGO highlighted the cultural and relational importance that
such processes can hold: “Indigenous attention to protocol and traditional ceremonial
opening is everything because this is where we constantly recheck our relationship”
(N4). When roles and processes were not well-established, some stakeholders held
negative perceptions around the resulting outcomes. A conservation partnerships
coordinator with the federal government commented on the ramifications of not defining
roles early in the process: “We put stuff in the proposal[, but] none of that stuff was ever
well thought out and that was a horrible, horrible problem for us in terms of
communications” (RD5). However, a federal forest resource planner recognized and
expressed frustration around the trade-offs that must be balanced when allocating project
time between conducting engagement and research: “So much of the time that we spent
was designing the process by which we were going to do the project. If we all were at a
point where we knew how it was going to be designed, then you could just leap into the

[science] part of it.” (D2).

Stakeholders identified that social exchange in both informal and formal settings was key
to establishing mutual respect and understanding and demonstrating genuineness during

the research project. A faculty member at a Tribal college stated “the most important
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thing we can do is just get together and talk” (N3). Multiple stakeholders mentioned the
importance of informal interactions, such as “occasionally sitting down and drinking a
beer” (N1), to developing and strengthening relationships. This board member of a water
conservancy district continued “To actually be out there in the field and working with
these guys [...], I really value the people we have here on our public lands right now”
(N1). The Tribal college faculty member also shared the importance of interactions
outside of institutional structures in creating a sense of trust and genuineness: “Being able
to visit with [the investigators] not necessarily in a formal structure, after hours, over
dinner, over a beer, that kind of interaction is really, really critical... I always felt very
comfortable, and I never had the sense that this was in any way an exploitative
relationship” (N3). Stakeholders also expressed appreciation when scientists were willing
to engage in practitioner-led spaces, as one extension specialist recounted: “A4 /ot of these
scientists that were involved do not attend [land manager organization] meetings/, but
the investigator team’s] willingness to engage beyond just handing off a bunch of

information [...] was really good” (R1).

Stakeholders perceived that a weak relationship between themselves and the scientist(s)
could lead them to be protective of their time and resources. Stakeholders also hinted that
the stigma of being a bad partner can stay with a scientist beyond the span of a single
project and influence future engagement. One federal park ecologist alluded to
stakeholder wariness based on prior negative experience with the project investigator:
“The [manager group] went into this [project] very cautiously. Part of it was probably
who was leading the research” (RD3). A federal conservation specialist described how

previous negative experiences with some investigators caused them to be protective of
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their group’s data with all outsiders: “People will tell you that we're a difficult group to
work with because we won't share data unless we see a benefit to it or something... It
takes time and effort to organize the data, compile it, give it to somebody, and then
explain it, and then sometimes it gets used incorrectly” (R2). This interviewee continued
on to explain how their protectiveness was motivated by a perceived waste of resources
when data and information were used incorrectly: “It slays me to see some of this money

squandered the way it is, so that's where I'm coming from” (R2).

Stakeholders mentioned three distinct roles that they could play in the research process: a
“cheerleader” (N1) or “promoter” (N3) who helps obtain funding or other support prior
to or during the project; a provider of contextual information to the research team during
the selection and design of research methods and outputs; and a verifier or disseminator
of findings at the end of a project. The first role was described by a federal park manager
as being “on the ground level of getting grant funding for it and writing supportive
letters” (D3), while Indigenous and Tribal stakeholders perceived themselves as
cheerleaders within the projects for their communities and as cheerleaders for the projects
within their communities. One faculty member at a Tribal College described offering
insights to the project team about “what we might try to do differently or what we might
explore from a unique Indigenous lens” (N3), and a Tribal water manager expressed “the
big hurdle was to get [the Tribal business council] to agree to the study, and I did that”
(RD6). The second role was described by a state natural resource manager as “primarily
providing technical assistance in the context of the needs of [our state] and our agency”
(D1), while a federal forest ecologist characterized themselves as “the point person from

the science perspective” (RD1). Finally, while stakeholders recognized the importance of
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their third role in bringing research to applications, they also perceived it as being too late
to make adjustments to enhance usability if it was the only point when they were
engaged. An extension specialist described how investigators “were “window shopping”
information” (R1) when they brought together a large group of managers at the end of a

project to see if anyone could use the final products.

Importantly, stakeholders engaged poorly in a project often did not perceive themselves
as being fully integrated team members; instead, they described being brought in as
needed based on the priorities and interests of the scientist(s). A federal forest ecologist
summarized this lack of integration into the project: “There was a sense that this is [ ...]
the scientist's project that they want to make useful to you, as opposed to going into it
with ‘we are co-owners”™ (RD1). One federal park ecologist shared their perception that
investigators came in with preconceived notions about what was needed (“This is what
we're going to do to help you out”) instead of truly listening to managers (“Hey, here's
this opportunity. What do you guys think or need?”’) (RD3). And a Tribal water manager
expressed their feeling of false or token inclusion in a project by stating “we were at the
table, but not on the menu” (RD6). Multiple stakeholders expressed a desire to see what
the research team was doing “behind the curtain” (RD3) during the “radio silence”
(RD5) between meetings and to play a more active role in the research process. An
extension specialist shared that being engaged solely at the investigator’s behest could
cause them to be cynical about intentions: “They call you three years in and say, ‘Hey, we
need a fact sheet and a workshop. Can you put this together?’ And so you get kind of

cynical about that approach, obviously” (R1).
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The first Belmont Principle, respect for persons, specifies that study participants must be
able to provide fully informed and freely given consent. In the context of stakeholder
engagement, we align this principle with open communication and agreement on the role
of stakeholders in the project and how that role was established. Stakeholders mentioned
that following best practices for meetings, such as mutually defining goals and objectives
early, establishing rules of engagement together, and feeling that inclusivity was being
prioritized (Golden et al. 2021), were essential to understanding their role and expected
responsibilities. When stakeholders did not have a clear understanding of their roles and
responsibilities, they mentioned frustration over wasted resources and time. In turn, these
feelings could eventually impact the reputation of the scientists, leading stakeholders to
engage with them cautiously or not at all in the future. Ideally, scientists should ensure
that stakeholders have a clear understanding of and consent to their roles and
responsibilities within a project, with continued check-ins throughout the lifetime of a
project, (Carney et al. 2009) to ensure effective and respectful use of resources and time

(Buxton et al. 2021; Clark 2008).

3.3.2 Belmont principle #2: beneficence

Stakeholder engagement in the research process is predicated on the assumption that an
upfront understanding of needs is directly linked to greater benefits at the project end
(McNie 2007). However, some interviewees perceived that consideration of research
benefits to them by scientists was a “check that box” (RD1) exercise in response to
requests for proposals from funding agencies that require or encourage consideration of
end-user needs. An extension specialist described the tension between stakeholder-driven

objectives and those that are motivated by federal funding priorities: “The problem is if
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it's not an issue or a topic that has relevance among your constituent basis, then this is a
fairly meaningless project” (R1). A federal conservation specialist also highlighted the
pressure on investigators to conduct cutting edge science: “Researchers will take the
money to address the question, but they will change it to fit some ecological theory that's
hot at the moment or something that they think is more publishable” (R2), going on to
say: “My experience with a lot of researchers [...] is that our role is to help them get the
money and then the product just sorta goes its own path” (R2). This conservation
specialist continued on to recognize that not all of their previous experiences had been
negative and that there were research partners who were genuinely committed to creating
actionable science: “Some of the folks that we work with are very good about making sure

that our questions get answered/, ...] so a lot just depends upon people” (R2).

Tribal and Indigenous rights-holders expressed that scientists needed to consider the
benefits and harms of the research project to the community as a whole in addition to the
benefits and harms to an individual person or agency. The director of an Indigenous-led
conservation NGO highlighted the importance of considering relationships and
community from the start of a project: “The biggest component is the relational
component -- how do we do this with each other in the community?” (N4). These rights-
holders also asserted that scientists working within their communities need to improve
their understanding of Tribal sovereignty and how it impacts the ways in which Tribal
policies and actions are decided. A Tribal water manager shared an example of how
cooperative decision making occurs within their Tribe: “We're a sovereign nation, and
that sovereignty is such a strong statement that people don't really realize it... We meet

collectively at a town hall meeting, every so often, and there's an issue that needs to be
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addressed and discussed, maybe a resolution will come out of that discussion,
establishing Tribal law” (RD6). As Whyte (2013) argues, Traditional Knowledge is
communally held and shaped, so in many communities, all members must be provided a
transparent opportunity to engage in conversations about the risks and benefits of

participating in a project.

Rights-holders expressed that genuine commitment to community benefits was
demonstrated by scientists who took the time to listen to their needs, transparently
prioritized those needs, and developed themselves into trusted sources of information for
the community. A faculty member at a Tribal college stated that scientists should be
prepared to demonstrate their genuine commitment when engaging with their community:
“We've had people for a century come and tell us they're going to save the Indian, so
there's suspicion often and wariness, [... and] you need to be prepared to deal with it”
(N3). And a Tribal water manager expanded on the process of building trust early by
saying: “/The co-investigator| developed the trust with Tribal members and Tribal
committees, and once that trust is established, then things happen a lot more smoothly”
(RD6). This water manager continued on to describe the importance of identifying the
key individuals with whom to build trust: “The very first thing that [the co-investigator]
did [in a previous project] was address the elders and that's what she did here... Most

people, if not all people, don't understand that” (RD6).

Stakeholders perceived that the benefits of the research project could be more tangible
when the team made a commitment to equitable inclusion and integration of non-research
partners. A federal hydrologist expressed a positive attitude towards a research team that

strove to be as inclusive as possible: “They listened to everything — they were very
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methodical in writing ideas down and capturing everything — so I knew that they were
going to put on a good organized workshop, keep things moving, and come out with a
great product” (N2). An extension specialist shared that their experience co-producing
project outputs as a group was “an ideal situation” because “the modeling was
characterized properly but the message was also delivered in a way that was palatable”
(R1). However, even when the research team was genuinely committed to delivery of
benefits to stakeholder partners and followed through on implementation of a robust
engagement plan, stakeholders sometimes still saw project benefits as “[falling] short in
providing actions” (D3). A federal forest resource planner stated that trying to identify a
common set of needs across multiple stakeholder groups that could be met with a single
product “was biting off way too much than could be done in that workshop” (D2). And a
federal hydrologist confessed that, even after creation of what they considered to be a
successful product, there was still a gap between information that was usable and
information that would be used by managers: “As far as implementing these things, it still
seems kind of abstract... Take these tools and actually put them on the ground? I just

don't know how that's going to happen. If that's even going to happen” (N2).

The second Belmont Principle, beneficence, emphasizes that the likely benefits of
participating in a study should outweigh the potential harms that a participant might
experience. When engaging stakeholders in a project, this principle aligns with scientists
foregrounding benefits to the stakeholder and intentionally designing and producing
outputs for use in plans, decisions, or actions. However, multiple interviewees perceived
a lack of follow-through from their research partners towards addressing their needs and

ensuring that they benefited from the process. Tribal and Indigenous partners mentioned
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the importance of considering community benefits and understanding the role of
community-based decision making in the research process. Including and listening to
diverse viewpoints, recognizing and prioritizing stakeholder needs, and demonstrating
genuine commitment to stakeholder interests were all project characteristics mentioned as
likely to increase the benefits to partners. Scientists need to ensure that (individual,
organization, or community) benefits to the collaborating stakeholders are highlighted
throughout the project and that outputs are developed primarily for stakeholder use and

secondarily for other venues.

3.3.3 Belmont principle #3: justice

To avoid exploitation of vulnerable populations, the burdens and benefits of engaging in
the scientific process need to be divided fairly and equally amongst participants.
Scientists who conduct engagement in under-resourced or under-served stakeholder
communities need specialized skills and knowledge to prevent exploitative and extractive
relationships, training for which is demonstrably lacking (Kirby et al. 2019). In our data,
themes around exploitation, equity, and justice appeared primarily in our interviews with
Tribal and Indigenous stakeholders, although we believe that these results are relevant to

other communities that have experienced inequity and trauma.

Tribal and Indigenous interviewees perceived that issues around environmental justice
and social inequity needed to be addressed directly even when they were not a main
project objective or when doing so was new and uncomfortable for most scientists. These
rights-holders felt directly acknowledging these issues was critical to demonstrating
genuine interest in their communities and building trust. The director of an Indigenous-

led conservation NGO expressed that, while the trauma stemmed from historical events,
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the repercussions of those events were still present in their community even now: “Add to
[this project], the wrinkle of an Indigenous culture and a local base community that sees
itself in opposition to the large framework... Being able to step in there and then look at
these historic traumas, how they're shaping the conversation even 200 years later. How
do you right those unrightable wrongs? Nobody was present at the initial infraction.
Everybody's living with a reverberation of [...] a bomb that has gone off in slow motion”
(N4). A faculty member at a Tribal college shared the importance of consideration of
issues centered on justice and equity and that ignoring them could continue a lack of
trust: “A lot of scientists can sometimes get uncomfortable, [but] you've got to make a
linkage to issues of justice [and] of extreme income and wealth inequality... Trying to tell
someone on a reservation that they should be super concerned about what's going to
happen in 10 years, 25 years, 50 years, they're saying no, what I'm concerned about is we
don't have running water... Being aware that there might be other more immediate
problems that people are facing, you've got to be sensitive to do that.”’; continuing on to
say “Really addressing climate change will help them address some of those issues of
social justice, of environmental justice, of education inequalities... You've got to make
that connection because if you don't, [...] then they just tune out. ‘Oh god, here's another

great scientist who has come to tell us all the things that we should be doing™ (N3).

Stakeholders expressed that boundary actors (themselves or others) could pull project
contributors together, help accelerate the relationship- and trust-building process by
leveraging their prior relationships and knowledge, and produce more just and equitable
outcomes. These boundary actors are people who span across and can navigate among

multiple disciplinary, institutional, or cultural spaces (Goodrich et al. 2020). A Tribal
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water manager shared how their ability to act as a trusted representative on behalf of the
project was integral to quickly generating feedback from the community and interpreting
that feedback for the project team: “/ was the key person or the catalyst that pulled [these
meetings] together because there was a certain amount of trust that I had with the [...]
individuals that we needed.... There has to be a trust developed in a reservation
community environment before there are people willing to expound their thoughts and
their concerns’; continuing on to say “You need a local person to articulate your
thoughts and to take the local people and have their thoughts articulated back to you and
just have a cordial meeting in the beginning about what can happen and what
expectations your client might be thinking about” (RD6). The director of an Indigenous-
led conservation NGO described their ability to cut through boundaries between partner
groups on a project: “It's like everybody's in their own stratified slice, and they argue
about where they are in the lasagna, but it's all cheese to me... I don't see the
stratifications.” (N4). However, an extension specialist expressed the potential relational
harm that boundary actors may experience when representing project scientists to
individuals and groups with whom they’ve built trust: “You can think of trust with [on-
the-ground] groups as a kind of capital [...] that you've earned over the years. I may burn

a lot of my trust capital delivering this message, and I may get very little back” (R1).

The third Belmont Principle, justice, reminds scientists that vulnerable populations
should not be exploited when considering who bears the benefits and burdens of a study.
We align this principle with a need for scientists to think about environmental justice and
equity before engaging with under-resourced or under-served stakeholder communities.

Tribal and Indigenous interviewees expressed that projects should not be conducted with
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their communities or on their lands without consideration of historical and present-day
inequity and trauma. If scientists lack or are unable to obtain the necessary skills to
address these issues, they can use boundary actors as trusted intermediaries instead.
However, these boundary actors put their own partnerships with a community at risk on
behalf of the scientist and can experience relational harm if engagement is poorly
executed. Scientists must carefully contemplate and thoughtfully execute their intended
engagement strategy to prevent these communities, or any boundary actors who act on
behalf of the project team, from experiencing additional harms. The justice principle
suggests a high standard that must be met for ethical reasons. Conversely, it suggests that
project teams that do not have adequate time, resources, or expertise to address these
issues would be better off not engaging with stakeholders within their project or perhaps
even leaving a particular research question to be addressed by a team better situated to

undertake it in a just manner.

3.4 Conclusions

Our study investigated the perceptions of stakeholders about their involvement in co-
produced climate adaptation research projects. Our qualitative analysis of the interview
data was informed by the three Belmont principles: respect for persons, beneficence, and
justice. Although stakeholder engagement does not usually fall under human subjects
oversight, we argue that the Belmont principles can help guide ethical stakeholder
engagement. Intentionally or not, scientists whose practices aligned with our
operationalized versions of the Belmont principles were perceived to be transparent,
committed to stakeholder interests, and trustworthy. In contrast, stakeholder engagement

that was inconsistent with the Belmont principles caused individual or community harm,
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especially when inadequate consideration was given to why stakeholders needed to be
engaged and how their contributions would be incorporated into a project. Although
proactive practices by scientists may occur by coincidence or simple kindness, intentional
focus on the Belmont principles may lead to more consistently ethical outcomes in

climate adaptation.

Importantly, our results demonstrate that even with the best of intentions, scientists can
cause harm to the stakeholders they engage (in addition to failing to do good science) if
they don’t pay attention to the ethics of engagement. Scientists who do not inform and
ask stakeholders to consent to clearly defined roles and expectations can cause broken
trust and create feelings of disrespect and wasted time and resources. Projects that
prioritize using a cutting-edge scientific technique over producing decision-ready results
are disingenuous and can result in extraction of knowledge from the community without
returning value to them. Selection of an under-served community as an “interesting”
study site without consideration of historical inequities can contribute to the continued
exploitation of that community. Optimally, scientists should provide a high standard of
care to the people they engage in knowledge production and strive for their actions to be
beyond performative. If scientists are unable to commit to reflecting on the ethics of

engagement, then they should consider not engaging with stakeholders.

In particular, interviewees highlighted the importance of addressing issues of
environmental justice and equity even when doing so would be uncomfortable for many
scientists and could be perceived as crossing over into advocacy. Scientists often see
themselves as honest brokers in policy and decision making settings (Pielke Jr 2007),

individuals who provide factual information on possible outcomes without promoting any
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single choice. This desire to remain an honest broker can be reconciled with the request
to consider justice and equity; scientists can focus on procedural justice — advocacy for
consistent, fair, and transparent processes that consider power imbalances (Ruano-
Chamorro et al. 2022). Such an approach can result in more ethical and equitable
engagement between project contributors, while allowing scientists to remain outcome-
agnostic (ibid). While prioritizing procedural justice, scientists can use reflexivity to
consider the authority that they hold within their role (Durose et al. 2021) and their ability
to disrupt the balance of power within a community (Reyna et al. 2021). Ultimately,
scientists must recognize and reciprocate the value of contributions they obtain from a

community in the way that is seen as beneficial and requested by that community (ibid).

We note that there are limitations to our study due to the scope of our data. Projects
included in this analysis were carried out only in the U.S. Northern Great Plains, and
interviewees were selected for high engagement and to represent a diversity of
institutions. As a result, we acknowledge that our sample is geographically limited, small
in size, and may miss key stakeholder populations. Importantly, our interviewees only
included three Tribal and Indigenous individuals, although portions of their perspectives
should still be generalizable Tribes and Indigenous communities as a whole and other
under-served or under-resourced populations. Additionally, we did not explicitly include
questions about previous scientist or stakeholder experience and training regarding
relevant topics, such as facilitation or research ethics. Despite these limitations, our
results help us understand the experiences of stakeholders engaged in these projects,
examine how ethical those interactions were, and identify directions that warrant further

research.
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Research and resource management challenges around climate adaptation can be enriched
by our understanding of social phenomena (e.g., governance, norms), social processes
(e.g., decision making, communications), and individual attributes (e.g., values,
behaviors) (Bennett et al. 2017). However, 51 percent of forty nine cross-disciplinary
ecologists surveyed in the United Kingdom ranked direct engagement with stakeholders
as their first choice for improving the social and human dimensions of their work, while
only 27 percent ranked working closely with social scientists on a research project first
(Lowe et al. 2009). Many scientists working in this space are trained exclusively in
biophysical disciplinary traditions, and when scientists who lack proper training and
expertise choose to conduct empirical social science on their own, it can result in
inappropriate application of methods and inadequate reporting of results (Martin 2020;
Moon et al. 2016). Even when a social scientist with relevant expertise is included as part
of a project team, it can be seen as a mechanism for facilitating the stakeholder
engagement process and not as supporting a line of inquiry in its own right (Robinson et
al. 2019). While we don’t expect that all scientists and stakeholders be trained in social
science traditions, we strongly suggest that projects consider including at least one person

who brings relevant skills to the table to reduce the risk of unintended harm.

In this paper, we describe how poor engagement of stakeholders in co-produced climate
adaptation projects can lead to individual or community harms and recommend that
projects proactively consider ethical engagement. While we use climate change as the
lens for this paper, we believe these ideas are applicable to stakeholder engagement to
address other environmental problems. For example, the U.S. faces pressing questions

around the quantity and quality of available future water resources under both a changing
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climate and a changing set of human activities, with increased use of citizen science as
one highly recommended strategy for response by the scientific community (National
Academies of Sciences Engineering Medicine 2018). Our findings could be applied to
such a project by encouraging scientists to consider which citizens are engaged in data
collection and how their roles are defined, how those data will be used and how benefits
to the citizen are ensured, whether there are any community sensitivities around sharing
such data openly, and how to limit data voids in vulnerable communities where citizens
may not have time to volunteer. As a discipline, geography has a history of blending
ideas from different traditions to think more broadly about the world, and geographers are
uniquely poised to contribute across disciplinary boundaries to knowledge production to
address environmental problems of the Anthropocene, including adapting to climate

change.
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Table 3.1 - All emergent codes

All emergent codes from modified grounded theory approach.

Emergent codes

Agency / institution need for science
Agency / institution planning cycles
Agency / institution sources for scientific information
Barriers to co-production

Barriers to creating plans

Barriers to adaptation action

Barriers to obtaining scientific information
Boundary spanning & trust

Environmental justice & social inequity
Establishment of roles and relationships
Overall project goals / objectives
Perception of co-production overall
Perception of project benefits / beneficiaries
Perception of project ownership

Process for identifying needs / benefits
Specific role of stakeholder

Strengths of co-production
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Table 3.2 - Summary definitions and codes used for analysis
Belmont principles, definitions, ideals, and key emergent codes used for analysis.

are distributed fairly
and equally

historical and present-day inequity
and trauma before engaging with
under-resourced or under-served
stakeholders

* Build relationships of trust and
transparency

Principle Belmont Report Operationalized co-production Key emergent codes
definition ideal
Respect for Participants are able | * Stakeholders participate in * Process for establishing
Persons to provide fully defining and consent to their roles and relationships
informed and freely | project roles and responsibilities * Specific project role of
given consent * Mutually shape and understand stakeholder
project goals and expectations * Perception of project
ownership
Beneficence | Benefits of * Hold project benefits to * Perception of project
participating are stakeholder (individual, benefits / beneficiaries
likely to outweigh organization, or community) in the | * Process for identifying
the harms foreground needs / benefits
* Develop outputs primarily for
stakeholder use and secondarily for
other venues
Justice Burdens and benefits | * Understand and consider * Environmental justice &

social inequity
* Boundary spanning &
trust
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4.0 Abstract

To cope with the complex environmental impacts and interactions of the Anthropocene,
the research community is increasingly being asked to produce science that can directly
support policy and decision making. To achieve such societal impact, scientists are
engaging “out in the world” with stakeholders to better understand their needs and inform
knowledge production. However, there are a wide variety of stakeholder needs, ranging
from learning how to establish collegial relationships with scientists to obtaining specific
information to ingest into a pre-existing decision process, many of which do not directly
connect to traditional methods of measuring scientific impact (e.g., publication citations,
journal impact factor). In this paper, we describe how concepts from the discipline of
evaluation can be used to evaluate the societal impacts of evaluation and present a case
study application. We developed and deployed a survey instrument that asked
stakeholders engaged in climate adaptation research projects about their perceptions of
the engagement process, their use of outputs and outcomes, impacts to relationships, and
demographic information. We argue that applicants should consider evaluation from the
beginning of project development to ensure that they have sufficient resources and

expertise available.
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4.1 Introduction

4.1.1 Background

The defining characteristic of the Anthropocene is the impact of human activities on
environmental systems (Crutzen 2006), with the discipline of geography contributing
substantially to our understanding of the resulting complex socio-bio-physical effects and
interactions (Annals of the AAG Special Issue: The Anthropocene; Butler 2021; Winkler
2016). To ensure that science is provided in an actionable form to support policy and
decision making (useful, usable, and used; Dilling and Lemos 2011) when it is critically
needed, geographers are interacting “out in the world” with information end-users (7he
Professional Geographer Focus Section: Out in the World: Geography's Complex
Relationship with Civic Engagement; Barcus and Trudeau 2018), known more broadly as
stakeholder engagement (Reed et al. 2018). Engagement of stakeholders in research
projects has a demonstrated positive impact on subsequent information use for decision
making (Nguyen et al. 2019). While geographers have a wide range of approaches
available to them when engaging with stakeholders (Bamzai-Dodson et al. 2021),
traditional definitions of research success most often focus on agency or academic, and

not societal, impact (Meadow and Owen 2021; Robinson and Hawthorne 2018).

Societal impacts are not well captured by traditional definitions of success for research
impact, such as number of publications and citation metrics (Cozzens 1997; National
Research Council 2012). Defining success for societal impact can be challenging because
the needs of stakeholders can vary from learning how to work collaboratively with
researchers (collegial engagement) to being generally better informed (conceptual

information use) to taking specific on-the-ground action (instrumental information use)
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(Meadow et al. 2015; VanderMolen et al. 2020). To accommodate this diverse range of
needs, evaluation approaches need to be specifically tailored to examine the impact and
actionability of such information to a community (Block et al. 2018; Ford et al. 2013). In
particular, it’s important to identify empirical methods for measuring and monitoring
trust between the producers and users of scientific information, as trust plays a key role in
the uptake of information for policy and decision making (Boschetti et al. 2016; Lacey et

al. 2017).

In this paper, we introduce concepts from the field of evaluation and provide an overview
of how they may be integrated into the production of actionable science to help define
indicators for and evaluate societal impacts. We focus on climate impacts and adaptation
research, as it is one area where the production of actionable science is growing at a rapid
pace. We present results from a case study application of these concepts to understand the
societal impacts of research funded by the U.S. Geological Survey Climate Adaptation
Science Center network and discuss how these findings can be further developed. We
argue that deliberate consideration of success and explicit attention to evaluation can

improve the actionability of science.

4.1.2 Evaluation theory and practice

Evaluation helps individuals and organizations learn and improve program operations by
testing the effectiveness of or changes in activities; it differs from assessment, which is
intended to grade or score performance (Baylor et al. 2019; Patton 2018). The field of
evaluation utilizes a variety of different theoretical approaches (e.g., summative,
formative) and methodological techniques for operationalization, with a rich set of

literature differentiating between the advantages and limitations of these approaches and
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techniques and identifying the appropriate contexts for their use (Hansen 2005; Preskill
and Russ-Eft 2004; Weiss 1998). Therefore, no matter the context, it is incumbent upon
the evaluator to initially determine the kind of evaluation required and ensure that they
draw upon the appropriate best practices when designing the evaluation process. Here, we
summarize a few key approaches to designing and conducting evaluations and provide

examples of how they might be applied to climate impacts and adaptation research.

Every evaluation must begin with an appraisal of what it is that specifically needs to be
evaluated (the evaluand) and what aspects of the evaluand (for example, process or
outcomes) are most appropriate for evaluation (Patton 2011, 2012). As part of this
appraisal, the evaluator identifies the purpose of the evaluation and other contextual
factors, such as the level of analysis or precision (ibid). Once the approach and method
are identified, the evaluator selects suitable variables for measurement and analysis,
which cover necessary aspects of the evaluand that are to be evaluated, while also being
scientifically sound (measured reliably, scaled appropriately, etc.) (ibid). If the approach
is quantitative or mixed-methods, then the evaluator also must ensure that statistical

assumptions and analyses are logically sound and allow sufficient statistical power.

Summative evaluation synthesizes the evidence of success at a given (most often
retrospective, end of project) point in time and provides a single estimation of
performance, while formative evaluation is an ongoing process of estimating
performance that guides self-corrective actions (Patton 2012). However, the line between
formative and summative evaluation is a fine one, as an initial summative evaluation may
provide the baseline for or first step in a formative evaluation process (Taras 2008). The

distinguishing feature between formative and summative approaches is whether or not
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actions can be modified as the process is carried out, and not the techniques or methods
(Wiliam 2006). In fact, the techniques and methods used for conducting either kind of

evaluation can be the same (Torrance 1993).

Program-level evaluation examines whether the collective impact of a set of activities or
policies is aligned with the overall goals and whether there are any unintended
consequences (Donaldson 2007). In contrast to program-level evaluation, project-level
evaluation allows for a better understanding of the perceived merits of investing
resources in one initiative or activity versus another (Patton 2012). Evaluation of specific
projects can provide crucial learning and development opportunities to improve
organizational practices and contribute to overall program evolution (Donaldson 2007;

Patton 2011).

Process evaluation determines whether an activity has been implemented as intended by
examining internal characteristics that influence the success or failure of the activity
(Craig et al. 2008). Outcome evaluation determines whether an activity has achieved its
intended goals (typically, some kind of system change) (ibid). In other words, process
evaluation focuses on the “how?”, and outcome evaluation focuses on “to what ends?”.
The challenge with outcome evaluation is that it requires targets that are clear, specific,
and measurable. Since outcomes often do not manifest until substantial time has passed,
it is also possible to identify intermediary outcomes that serve as crucial steps towards

achieving the overall goal (Ardoin et al. 2015).

All of these approaches intersect in layered ways when operationalized, and an evaluator
should make intentional selections between them to meet the goals of the evaluation. For

example, to enhance the investment of public funding for actionable science, an evaluator
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may elect to conduct a formative program-level process evaluation. This approach would
help the funding program develop funding opportunities, proposal reviews, and project
management that prioritize the use of information for policy and decision making. In
contrast, to improve their understanding of the best practices necessary for successful
creation of products by stakeholders and researchers and pitfalls to avoid, an evaluator
may instead elect to conduct a summative project-level outcome evaluation. Although
guidance for investigators is emerging on proactive consideration of societal impact
during project development (Meadow and Owen 2021), evaluation of climate impacts
and adaptation research has traditionally occurred in an ad hoc summative manner and

has not been robustly informed by evaluation theory and practice.

4.1.3 Success and evaluation for actionable science

Here, we present some applications of evaluation theory and practice to better understand
the societal impact of producing actionable science from climate impacts and adaptation
research. There are several traditional models and mechanisms for gathering quantitative
measures of scientific impact, including research inputs such as the amount of funding
obtained and research outputs such as the number of publications, their associated journal
impact factor, and number of citations (Coryn et al. 2007) or the number of downloads of
products from websites (Doemeland and Trevino 2014). However, none of these
measures identifies whether or how the stakeholder used the information to make a
decision because knowledge delivery does not equal knowledge use (National Research
Council 2012). To evaluate actionability of science, an evaluator can focus on

stakeholder perception of the process, such as workshop evaluations, or, more important
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to actionability, how well stakeholder input increases the usability, or even better, the

actual use, of the research outputs in their job.

In practice, evaluating information usability and use by policy and decision makers is
notoriously difficult. Wall et al. (2017) provide an initial direction for evaluating the true
impacts of actionable climate science, such as that agencies and managers find the
science credible and the findings are explicitly applied in agency planning, resource
allocation, or a policy decision. McNie (2013) suggests other options, such as evaluating
whether “all relevant information was considered” or “whether the science was
understood and interpreted correctly”. Quantifying these impact metrics is difficult, but
evaluators can conduct evaluation through follow-up surveys to decision makers (e.g.,
Guido et al. 2013) or through quantitative or qualitative studies of the language in plans
and decisions (e.g., VanLandingham and Silloway 2016). More tractable is the evaluation
of stakeholder inputs that inform specific numerical model parameters or outputs. For
example, models can be assessed to determine whether output quality increased as a
result of stakeholder input, such as examining whether simulations of biomass
availability improved after incorporating local knowledge of wildlife interactions and

forage behavior (Beeton et al. 2019).

More nuanced approaches to incorporating perspectives from stakeholders require deeper
engagement and focus primarily on understanding how the stakeholder experienced or
perceived the engagement. These approaches can include examining factors such as the
time required to build the relationship, an understanding of how the project might
influence the person or their community, and the nature of the interactions between

scientists and users, including building trust (Boschetti et al. 2016; Lacey et al. 2017).
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Data collection may include surveys (particularly those using open-ended questions that
allow people to describe what they experienced or why they hold a certain view) or semi-
structured interviews. The iterative nature of some stakeholder engagement in actionable
science means formative evaluation is possible through the use of longitudinal evaluation
designs, such as the same survey administered multiple times during the development of
a decision support tool to ensure that updates to the tool enhance usability (Klink et al.

2017).

In situations where stakeholder engagement yields neither scientific nor societal impact,
success may be defined in more intangible ways, including integration of stakeholders
into the investigator team and satisfaction with the process (Wall et al. 2017). Here,
methods for evaluation can focus on identifying and monitoring measurable outcomes on
intermediary time scales. For example, a project team can design a conceptual logic
model that captures stakeholder impact as a long-term outcome and identifies how to
measure change at interim checkpoints (Colavito et al. 2019) or a theory of change-based
framework where establishing and maintaining relationships are key social learning
outcomes for an entire community of practice (Owen et al. 2019). Regardless of the
approach selected, thinking strategically about evaluation from the front-end of a project
ensures that appropriate information is collected throughout to monitor whether goals are

being achieved and take corrective actions as needed.

4.2 Case study

The case study data and results described in this paper are part of a broader evaluation of
climate impacts and adaptation research projects funded by the U.S. Geological Survey

(USGS) South Central and North Central Climate Adaptation Science Centers (CASC),
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two regional centers within a nationwide network. This network was established by the
U.S. Department of the Interior to “provide climate change impact data and analysis
geared to the needs of fish and wildlife managers as they develop adaptation strategies in
response to climate change” (Salazar 2009). To achieve this mission, projects funded by
the CASCs create products and tools that directly support resource managers in their
development and implementation of climate adaptation plans and actions. Funders of
actionable science, such as the CASCs, are in a position to influence the form and goals
of research across many stages of the process, from setting the priorities that appear in a
solicitation to identifying appropriate proposal review criteria to selecting which projects
receive funding. Evaluation of and by funders of actionable science is critical to
understanding whether actions taken across each of these stages and by individual

projects support the overall goal of societal impact (Arnott 2021; Arnott et al. 2020a).

From 2013 to 2016, the network was guided by the Federal Advisory Committee on
Climate Change and Natural Resource Science, which produced a report recognizing the
network’s achievements and providing recommendations on how to improve operations
(ACCCNRS 2015). A key recommendation in this report was for USGS to develop an
evaluation process to ensure that programmatic activities and funded projects align with
the mission (ibid). Suggested evaluation categories include “relevance, quality,
processes, accessibility, and impact of science products and services,” although no
framework or method for carrying out this evaluation process is provided (ibid). USGS
headquarters conducts annual internal and five-year external program-level reviews of the

regional centers to examine overall operations and impact (USGS 2021) but does not
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pursue project-level evaluation. As a result, regional CASCs are developing and piloting

their own supplemental project evaluation processes.

The broader evaluation of South Central and North Central CASC projects included an
analysis of project documentation, a survey of stakeholders engaged in the projects, and a
focused set of interviews with highly engaged stakeholders. This paper focuses on the
survey, which was intended to provide a summative project-level evaluation of process,
outputs and outcomes, and impacts based on the perspectives of stakeholders. This
approach was chosen because formative evaluation was not a consideration in the
development of the funding program and enough time had elapsed that multiple years of
projects had reached completion. Our hope was that evaluation of the entire suite of
projects by the program office would provide us with sufficient data to allow us to
compare characteristics between dissimilar types of projects (e.g., projects carried out at
local scales in comparison to projects to create data at broad regional scales). We utilized
an electronic survey of project stakeholders because it was a no-cost option and no
resources other than limited staff capacity were dedicated to this evaluation effort. These
limitations are commonplace in funding programs, making this case a suitable proxy for

conditions faced by other actionable science funders.

4.3 Methods

We contacted the primary investigators for twenty eight South Central CASC projects
and sixteen North Central CASC projects to identify the stakeholders whom they engaged
during the project, resulting in a total of 186 unique contacts for the South Central CASC
and 188 unique contacts for the North Central CASC. All contacts were invited to

complete the survey, the protocol for which is publicly available on USGS ScienceBase
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(Bamzai-Dodson et al. 2022) and the design for which is based on published indicators of
usable science (Wall et al. 2017). Institutional Review Board (IRB) approval was
obtained via The University of Oklahoma (IRB number 7457), and Paperwork Reduction
Act approval was obtained from the U.S. Office of Management and Budget (control

number 1090-0011).

The survey was divided into four sections: process, outputs and outcomes, impacts, and
demographics. The survey protocol was pre-tested on staff from across the nationwide
CASC network, and their feedback was incorporated into the final version. Six questions
asked respondents about the process of creating new knowledge together among
investigators, resource managers, and decision makers, focusing on the nature and timing
of interactions. Nine questions asked respondents about perceptions of the products
developed through the project, including factors that promoted or limited their use by the
individual or their agency. Six questions asked respondents about their partnership with
the investigators, including what made it likely or unlikely for them to work together
again. Four questions asked respondents for demographic information, such as the
geography, sector, and professional role that they worked in. Questions were a mix of
multiple choice, Likert scale, open-ended, and matrix table, based on best practices for

effective survey design (Couper et al. 2001; Fowler 1995).

Survey dissemination and collection of responses was carried out electronically using
Qualtrics (Qualtrics 2005), with a release date of 7 December 2018 and a ninety-day
dissemination window. Data collection was hampered due to the unprecedented U.S.
federal government shutdown from 22 December 2018 to 25 January 2019. Federal

contacts were re-invited on 1 July 2019 to take the survey during a second ninety-day
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dissemination window, but response rates remained low. Table 4.1 provides the response
rate information per region, and Table 4.2 summarizes the demographics of respondents.
All survey questions were optional to complete, so the total responses per question does

not always equal the total number of complete responses (49).

4.4 Results

4.4.1 Process: engagement in the process of knowledge production

Questions in this section of the survey were designed to examine the nature and focus of
interactions between stakeholders and investigators during the process of knowledge
production. More than half of the respondents (57.1 percent) indicated their engagement
began prior to proposal development, with an additional 12.2 percent engaged during
proposal development. Engagement during a project ranged from never (zero times per
year) to at least every week (fifty two or more times per year), although most respondents
(67.4 percent) were engaged between one to eight times per year. No respondents said
that the level of interaction was too much; however, 16 percent said that there was too
little interaction. Together, results across these three questions seem to indicate that most
projects engaged in early, ongoing, and consistent interactions with stakeholders and that
there is no such thing as too much interaction. One respondent described their experience
being engaged in a project late and expressed appreciation for the investigators’
responsiveness to their input: “The investigative team was slow to involve those of us who
were able to provide more local expertise into the design process, however they did
exhibit remarkable flexibility in inviting/allowing that input and then adapting their

process to better include such material/knowledge.”
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The phases of a project during which the most stakeholders reported interaction were
definition of the problem (87.5 percent), selection of products (85.7 percent), and
dissemination of findings (87 percent). The most stakeholders reported no interaction
during the design of research methods (27.1 percent), the collection of project data (27.1
percent), and the analysis of project data (32.6 percent). Only one respondent (3.85
percent) indicated that a formal needs assessment was done as part of the project, and ten
respondents (38.5 percent) indicated that needs were determined through informal
conversation. Eleven respondents (23.4 percent) indicated that a formal risk or
vulnerability assessment was conducted, and eighteen respondents (38.3 percent)
indicated that risk or vulnerability were assessed through informal conversation. These
findings suggest that stakeholders are being primarily engaged by investigators at key
decision points related to the context, scoping, and products of a project and not when
decisions are made about research design such as method selection, data collection, and
data analysis. Investigators are also preferentially choosing to engage stakeholders in
informal ways when determining the management context of a research project instead of
following established formal strategies for assessing needs, risk, or vulnerability (e.g.,

scenario planning, structured decision making, systems engineering).

4.4.2 Outputs and outcomes: production and use of outputs

Questions in this section of the survey were designed to determine the types of outputs
and knowledge produced by projects and understand how they were used by
stakeholders. The most common project output reported by respondents was data
provision, ranging from disseminating observations (e.g., place-based phenological data)

to projections (e.g., climate model data) (Figure 4.1). Respondents also reported receiving
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summarized information from investigators, such as two-page overviews of new findings
and quarterly newsletters. Notably, some respondents remarked on more subtle relational
outcomes such as “many relationships” and “a new world view.” One respondent
provided the following feedback on the networking opportunities that their project
provided: “The most fruitful and beneficial outcomes from this project will be the
connections established between collaborators. It is difficult to quantify [the potential
outcomes of new relationships] but I think bringing people to the table is, nonetheless,

extremely valuable and worth supporting.”

All respondents indicated that projects helped them both be better informed broadly about
an issue and be better informed specifically about a particular problem. However,
stakeholders indicated that projects were not useful to gain a new technical skill (25.8
percent), formulate policy (23.8 percent), or implement adaptation plans (13 percent).
While respondents indicated that projects helped them to understand changes in weather
and climate observations and model projections and to link those changes to impacts to
resources or places that they manage, no respondents indicated that projects helped them
identify, evaluate, or select potential adaptation strategies to cope with such impacts.
These results indicate that although knowledge and outputs produced by these projects
helped stakeholders be better informed on how and why climate change is important to

the resources that they manage, they were not used to make specific adaptation decisions.

Twenty-four respondents indicated that there were specific factors that they felt
contributed to their use of project outputs and provided descriptions of these factors in
open-ended replies. The most common factor was a strong partnership between the

investigator and stakeholder, illustrated as “trust, relationships, open-mindedness on all
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sides” and “an attention to the relationship, protocol, transparency, and communication.”
A number of respondents described contexts with a clear management challenge linked to
a demonstrated information need, such as a “well defined management need to be
explored” and “Federal mandated water settlement legislation.” Respondents also
mentioned a number of different ways in which investigators were able to make broad
results relevant to their specific management challenge, such as the creation of “fine
spatial resolution climate products” and the provision of “alternatives to traditional

drought indices.”

Thirteen respondents indicated that there were specific factors that limited their use of
project results. The most common barriers were a need for additional time to use results
(19.2 percent) and resource constraints (15.4 percent). One respondent described how late
engagement in a project could act as a barrier to information use: “The one area that
could have been improved would have been upfront discussion of delivery mechanisms to
achieve broader impacts. The proposal included a component of incorporating results
into specific agency products, without talking to the agency manager for all of those
products before the proposal was submitted.” Respondents also described a need for
“continued data collection and processing,” especially in places where extreme weather
events disrupted data continuity. No respondents indicated an issue with the quality of the

science provided by investigators.

All respondents left projects feeling better informed (conceptual use of outputs,
VanderMolen et al. 2020), and no respondents used project information to make specific
adaptation decisions (instrumental use of outputs, ibid), suggesting that projects fell short

of the funding program’s intended goals. Stakeholders had confidence in the quality and
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integrity of scientific outputs and understood their broad relationship to management
contexts but lacked time and resources to apply such information to specific decisions,
plans, or actions. Some respondents shared that they lacked time and resources to use
results, though it has been noted that moving from conceptual to instrumental use of
information can partly be a factor of project maturity (Ferguson et al. 2022), and thus it is
possible that revisiting respondents after additional time has passed may reveal stronger

instrumental use of information.

4.4.3 Impacts: building of relationships and trust

Questions in this section of the survey were designed to examine the impacts of
participating in a project to the building of relationships and trust between stakeholders
and investigators. Respondents reported positive feelings overall about their engagement
in South Central and North Central CASC projects. 93.6 percent of respondents felt
satisfied with their experiences with the investigator team, while 87.2 percent of

respondents felt satisfied with their experiences with the project.

All respondents agreed that investigators were honest, sincere, and trustworthy. 91.5
percent of respondents agreed that investigators appreciated and respected what they
brought to the project. The same number of respondents agreed that investigators were
committed to the engagement process. 89.4 percent of respondents agreed that the
investigators took their opinion seriously in the course of discussions. Furthermore, all
respondents said it was likely that they would use additional results generated by this
investigator team. These results indicate that stakeholders still felt goodwill towards
people as individuals, even though no stakeholders used project outputs to make

adaptation decisions, falling short of the funding program’s project objectives.
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Respondents provided a range of reasons that would make it likely for them to work with
the investigators again in the future (Figure 4.2). Many respondents mentioned the nature
of their relationship as a team, citing a desire to work with “good people” where the
“collaborative spirit and tone of mutual respect is great.” In addition to a positive team
atmosphere, respondents mentioned the level of expertise of investigators, with one
respondent pithily capturing this as “they know their shit.” One project investigator was
identified as an “outstanding scientist and human being,” with the respondent adding that
“[their] humility despite [their] great knowledge and intellect is inspiring.” Finally,
respondents mentioned the importance of the relevance of findings, such as the “ability to
provide useful products” and “good, practical, implementable results that were directly

applicable to my agency's goals and strategies.”

When provided the opportunity to give any other feedback on their experience, several
respondents noted their appreciation for the integration into the project of informal
knowledge or results. One respondent highlighted the investigators’ “willingness to more
readily recognize and respond to non-peer reviewed (nascent) local research,” and
another acknowledged that investigators were willing to implement “a demonstration
project” for local stakeholders. A third respondent stated that they valued support for a
project “that was not firmly deliverables based” because one of the main outputs was the

creation of a collaborative network of individuals.

4.5 Discussion
In this paper, we summarized a variety of approaches from the discipline of evaluation
and described their relevance to defining success and evaluating the societal impacts of

actionable science within the context of climate adaptation research. We presented a case
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study to demonstrate how to operationalize selected approaches from this literature and to
evaluate the societal impact of the science produced by projects funded by the South
Central and North Central CASCs. This case study was carried out via a survey of
stakeholders engaged in those projects. Since virtually all respondents indicated
satisfaction with projects and investigators, our ability to contrast projects and interpret
differences between them was limited. Additionally, our case study was limited by the
low survey response rate and relatively small sample size. As a result, although we
weren’t able to use the collected data the way in which we originally intended, the sample
size was still robust for examining characteristics of investigators and projects that
stakeholders found satisfactory (Couper et al. 2001; Taherdoost 2017). Describing these
characteristics allowed us to meet our intended objectives and provided lessons learned

from early projects that can be applied to subsequent similar projects.

Our results corroborate previous studies that have demonstrated that stakeholders prefer
being engaged in projects early, often, and consistently (Ferguson et al. 2022; Steger et
al. 2021). Previous research has shown that stakeholders may become fatigued or stressed
with interactions that do not result in perceptible changes to the research agenda to
prioritize stakeholder benefits (Clark 2008; Young et al. 2020). Our findings show that
even interacting with investigators more than once a week was perceived as satisfactory
and not as too much interaction, reinforcing the idea that stakeholder fatigue is not an
issue within a project when there is an obvious connection between the reason for the
interaction and a benefit to the stakeholder. While stakeholders left these interactions
feeling better informed by the knowledge and outputs produced by projects, they could

not connect this information for use in making specific adaptation decisions. Even so,
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stakeholders placed value on participation in these projects due to the relational benefits
that they gained such as growing their professional network and conversing with

scientific experts in informal settings.

Importantly, in carrying out this case study, we learned that although surveys such as ours
are an increasingly common way for programs to evaluate the societal impact of their
activities, our results did not actually get us to that goal. Even though we took care to
design a single evaluation process that built on appropriate theory, methods, and survey
design, we discovered that each project came with its own unique objective regarding
societal impact, which ideally needed an individually tailored evaluand and measures.
Attempting to generate a summative “one size fits all” survey for such a broad set of
objectives was inadequate and resulted in an ineffective evaluation, even if it helped
identify characteristics of satisfactory projects. We recommend that future initiatives to
examine societal impact for the CASCs, and other similar funding programs, consider
that evaluation for each project be integrated up front into proposal development, such as
asking investigators to create a logic model with measurable attributes. Such an approach
would ensure that subsequent project evaluations would then be designed with specific
purpose in mind and could ameliorate the issue of a low response rate. However, this
additional request for inclusion of evaluation design and implementation can only be met

with a matching provision of additional resources from funders.

One unintended benefit of this study was that it fed into the broader conversation across
the regional CASCs about whether it was possible to quantitatively measure the societal
impacts of research projects that they funded. Since development and dissemination of

this survey protocol, the Southeast CASC has carried out additional quantitative and
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qualitative research from which findings are still emerging. To date, their evaluation
initiative has described the differing ways in which individuals and organizations use
climate adaptation science (Courtney et al. in review) and the distinct pathways which
projects that aim for societal impact must follow in comparison to projects that aim for
high scientific impact (Hyman et al. in review). These network-wide conversations are a
continued effort to apply concepts from evaluation theory and practice to the challenge of

funding and conducting research that results in real societal impact.

4.6 Conclusion

Evaluation is a critical component of understanding the societal impact of climate
adaptation science that is intended to be actionable, yet many existing approaches fall
short of achieving this goal. We set out to do program-wide evaluation at the project-
level by creating a single survey instrument. While analyzing our data, we noted that the
diverse array of project objectives meant that the single overarching survey did not
contain enough nuance to evaluate individual projects. Instead, each project needed a
tailored measurement tool that was developed with its unique objectives in mind. For
example, we found that our survey could not capture the differing definitions of success
between place-based projects for targeted stakeholders and projects producing large,
regional-scale products for many stakeholders. Nor could our survey capture the
differences between projects designed to build relationships and trust between people and
those designed to provide context for making a specific decision. This study demonstrates
the limitations of a program summatively evaluating projects and that evaluation needs to
be embedded in each project from the start. In particular, funders of science can

encourage applicants to proactively consider evaluation during proposal development and
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provide the resources to bring in relevant and necessary evaluation expertise to an
investigator team. Geography, specifically, can highlight the nuanced role of place, space,
and scale in defining success for actionable science and add to the broader understanding

of how to better do actionable science in support of climate adaptation work.
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Table 4.1 - Response rate information for each region

South Central CASC

North Central CASC

# solicited

186

188

# total complete responses

24 (12.9 percent)

25 (13.3 percent)

Table 4.2 - Demographics of respondents
“Other” self-identified as part of a “federally supported partnership.”

Lgcal State Fed University or NGO 65 o Other
Tribal Agency college
Res.o.urce manager/ 12 0 8 1
decision maker/ planner
Scientist/ technician/ 2 12 4 0
researcher
Equally both 5 0 2 0
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Figure 4.1 - Word cloud of data provided by projects
Word cloud generated from forty open-ended responses to the question “What kinds of
information, data, tools, or other products did this project provide you?”
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Figure 4.2 - Word cloud of reasons why respondents would collaborate again
Word cloud generated from thirty seven open-ended responses to the question “From
your perspective, what reason(s) would make it likely for you to work with this
investigator team or the CSC again in the future?”
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CH. 5 - Conclusions

5.1 Summary

This dissertation improves practices around the inclusion of stakeholders in the
production of actionable climate adaptation science by examining their experiences and
perspectives. Previous research has shown that research projects that include a
component of stakeholder engagement can lead directly to societal impact (Ferguson et
al. 2022). However, if engagement is done poorly and fails to accurately elevate the
decision context, then, at best, the information produced is useless for decision making
and, at worst, it can lead to counterproductive decision making and maladaptation
(Barnett and O’Neill 2010). As a result, some of the key motivating questions of this
dissertation included: Why and how are researchers engaging with stakeholders? What is
the impact of these interactions and who benefits from them? How will researchers know
when they’ve achieved their goal of societal impact? Examination of each motivating
question emphasized the need to intentionally match approaches for engagement and

evaluation with the specific project context at hand.

In Chapter 2, I synthesized literature across a range of approaches to stakeholder
engagement, and I presented this information as a framework for the production of
actionable science. I described each approach in terms of both a project’s scientific
objectives as well as its desired societal impact. I included barriers to implementation that
might inform whether an approach would be feasible to carry out given a project’s
specific resource or contextual constraints. Importantly, I also provided guiding thought
questions to help researchers use the framework to support their selection of an approach

and creation of a stakeholder engagement plan. These questions were designed so that
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working through them does not result in one “right” answer; rather, they encourage
researchers to consider tradeoffs across approaches and determine what is “right” for
their project. Additionally, this framework provides researchers, funders, and
practitioners with a common language for demonstrating the importance of both carrying

out and allocating funding towards stakeholder engagement activities.

In Chapter 3, I explored the perspectives of fifteen highly engaged stakeholders on the
benefits and harms they experienced while engaging in actionable science projects. Most
stakeholder engagement (research with people) does not fall under human subjects
research oversight (research on people) and does not obtain ethical review from entities
such as an Institutional Review Board. I organized the results using operationalized
definitions of the three Belmont Principles (respect for persons, beneficence, and justice)
and found that stakeholder engagement that did not align with these principles resulted in
harms to those engaged. For example, some stakeholders mentioned that they felt that
they were included by researchers as proposal partners during the process of applying for
funding but that their needs were deprioritized after funding was obtained. These results
demonstrated that researchers must reflect on the ethics of stakeholder engagement and
proactively ensure that stakeholders receive benefits and do not experience harms when

being engaged in a project.

In Chapter 4, I used theory and practice from the discipline of evaluation to develop a
survey tool to examine the societal impact of actionable climate adaptation projects. I
deployed the tool in a case study of climate adaptation projects, and I used the data to
summarize the characteristics of projects considered successful by stakeholders engaged

in the research. While these findings can help broadly inform how future projects might
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be carried out, I found that using a single survey instrument did not capture the detailed
differences between types of projects, limiting my ability to conduct intercomparison and

more nuanced interpretation of the data.

Together, these three chapters contribute to our existing geographical knowledge of how
researchers and decision makers are navigating complex environmental challenges in the
Anthropocene. Such knowledge is also being produced and shared in other disciplinary
and transdisciplinary venues (e.g., climate services, World Meteorological Organization
2014; action research, Brydon-Miller et al. 2003) with limited exchange in and out of
geography. The work presented in this dissertation connects geographic knowledge with
this broader community, amplifying scholarly contributions from geography and
enriching the overall dialogue. Moreover, this work adds to critical physical geography
scholarship by applying a critical lens to publicly funded climate adaptation research and
encouraging reflexive thinking in biological and physical scientists conducting this

research.

5.2 Recommendations

Based on these findings, I recommend that researchers doing actionable science must
carefully consider the goals for societal impact and the design of their stakeholder
engagement as early in the project development process as possible, selecting approaches
for fit instead of convenience. While not all researchers receive training in human
subjects research or engagement practices, every individual can pause and reflect on
questions such as: Why am I asking this person for their time? What will they get in
return? How will I change my research plan based on their input? These reflexive

practices can help ensure that researchers give as much thought to designing their
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engagement plan as they do to the rest of their project design, elevating consideration of
engagement to a core scientific decision. Over time, as such practices become habits, new
generations of researchers will begin to pause and reflect on more nuanced questions
such as: Which voices are being left out of the dialogue? How does my role as an expert

alter the power dynamics amongst individuals in this conversation?

In addition to practicing reflexive thinking, researchers can ensure that project teams
include the relevant and necessary expertise to rigorously conduct engagement and
evaluate societal impact. As funders of science increasingly include requests that
proposed projects address real world challenges, I recommend that they also prioritize
making resources available to support additional expertise on a project, such as salary for
personnel with outreach and evaluation skills. Without these additional resources,
investigators must either choose to reduce the proposed scientific impact of their project
or conduct engagement and evaluation work without spending much thought or effort on
this work. Unfortunately, many researchers face promotion processes that place heavy
weight on academic output and peer-reviewed publications, resulting in more proposals
choosing to under-resource engagement and evaluation instead of reducing scientific
impact. Additional resources are necessary to ensure that stakeholder engagement is

conducted in an ethical manner that prevents participants from experiencing harm.

5.3 Next steps

The findings in this dissertation demonstrate that intentional design of stakeholder
engagement and project evaluation can facilitate better actionable science. In the course
of conducting this research, I had to set aside many additional unresolved questions,

leaving open the possibility for next steps and future research directions. First, from the
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interviews with highly engaged stakeholders, it was clear that each individual had a
different definition for actionable science and what it looks like in successful practice.
There is still substantial room to go beyond the work in Chapters 2 and 3 to generate even
more evidence-based guidance for what successful societal impact means and how
researchers should navigate engagement to reach such a goal. Second, funders of science
are starting to engage with stakeholders to produce the research agendas that direct what
priorities appear in solicitations, how proposals are reviewed and evaluated, and which
projects are selected for funding. However, there is a paucity of research that examines
the influence of such engagement on the societal impact of resulting projects, especially
regarding inclusion and whether resources and results are equitably distributed. Third,
there is still a significant need to describe how to operationalize definitions of success
and evaluation for the actionable science research community. The work comprising
Chapter 4 is a starting point that demonstrates that there needs to be additional guidance
on the contexts in which different evaluation methods should optimally be deployed.
Finally, while the work in this dissertation was centered on a case study of climate
adaptation, future research could examine its potential application to other complex
environmental challenges that need actionable science (e.g., water rights and water

management, managing ecosystems for biodiversity and to meet human needs).
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Appendix A - Survey data public summary

All survey questions were optional to complete, so the total number of responses per
question differs. Questions with no results or with identifying information in the results

are not included.

2.2 - When did the investigator team first contact you regarding the project? (select one)

# Answer
1 | (or someone from my agency) contacted the investigator team first
2 Prior to writing the proposal
3 During the proposal writing process
4 After the project was selected for funding
5 After the project was completed

Total

%

24.49%

32.65%

12.24%

28.57%

2.04%

100%

Count

12

16

14

49
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2.3 - How frequently did you interact with the investigator team during the lifetime of the project?

(select one)

Answer

Never (0 times a year)

Rarely (1-3 times a year)

Roughly every other month (4-8 times a year)
Roughly every month (8-14 times a year)
Multiple times a month (15-51 times a year)
At least every week (52 or more times a year)

Total

%

2.04%

28.57%

38.78%

12.24%

14.29%

4.08%

100%

Count

14

19

49
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2.4 - What was your perception of the frequency of interaction? (select one)

H# Answer
1 We interacted far too much
2 We interacted slightly too much
3 We interacted the right amount
4 We interacted slightly too little
5 We interacted far too little

Total

%

0.00%

0.00%

84.00%

10.00%

6.00%

100%

Count

50
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2.5 - How did the investigator team interact with you in each of the relevant phases of the project?
(select all that apply)

#  Question Email Telephone Face-to- No Total
correspondence or video face interaction
calls interactions
1 Definition of the 35.71% 30 21.43% 18 35.71% 30 7.14% 6 84
management or
research
problem(s)
2 Articulation of the 35.06% 27 19.48% 15  35.06% 27 10.39% 8 77
research
question(s)
3 Design of the 37.68% 26 17.39% 12 26.09% 18  18.84% 13 69
research methods
4 Selection of 38.67% 29  24.00% 18  28.00% 21 9.33% 7 75
project products
5 Collection of 35.29% 24 14.71% 10  30.88% 21 19.12% 13 68
project data
6  Analysis of project 31.25% 20  18.75% 12 26.56% 17 23.44% 15 64
data
7  Interpretation of 35.14% 26 18.92% 14 33.78% 25 12.16% 9 74
results
8 Creation of toolsor = 41.54% 27  16.92% 11 30.77% 20  10.77% 7 65
other project
products
9 Dissemination of 38.16% 29  21.05% 16 32.89% 25 7.89% 6 76
findings
Recoded:
# Question Interaction No interaction Total
1 Definition of the management or research problem(s) 87.50% 42 12.50% 6 48
2 Articulation of the research question(s) 83.33% 40 16.67% 8 48
3 Design of the research methods 72.92% 35 27.08% 13 48
4 Selection of project products 85.71% 42 14.29% 7 49
5 Collection of project data 72.92% 35 27.08% 13 48
6 Analysis of project data 67.39% 31 32.61% 15 46
7 Interpretation of results 80.43% 37 19.57% 9 46
8 Creation of tools or other project products 84.78% 39 15.22% 7 46
9 Dissemination of findings 86.96% 40 13.04% 6 46
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2.6 - How did the investigator team identify your agency's needs? (select one)

# Answer

1 A formal needs assessment was conducted by the investigator team.

The investigator team determined your agency's needs through informal
discussion(s).
Agency needs were determined by my organization or another

3 . )

investigator (team).
4 No assessment of agency needs was conducted.
5 | don't know.

Total

%

3.85%

38.46%

11.54%

26.92%

19.23%

100%

Count

10

26
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2.7 - How did the investigator team assess the vulnerability of or risk to the resources and/or

landscapes that your agency manages? (select one)

# Answer

A formal vulnerability or risk assessment was conducted by the

1 : .
investigator team.
5 The investigator team assessed vulnerability or risk through informal
discussion(s).
3 Vulnerability or risk were determined by my organization or another
investigator (team).
4 No assessment of vulnerability or risk was conducted.
5 | don't know.

Total

%

23.40%

38.30%

12.77%

12.77%

12.77%

100%

Count

11

18

47
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3.3 - This project provided me with information, data, tools, or other products that... (select one

for each)

# Question

Included user

1 documents or
guidance

5 Were easy to
access

3 Were easy to use
Appeared

4 rigorous and
credible

Agree

78.72%

87.23%

76.09%

85.11%

37

41

35

40

Disagree

6.38%

0.00%

0.00%

0.00%

Neither
agree nor
disagree

4.26%

6.38%

17.39%

8.51%

Not
applicable

10.64%

6.38%

6.52%

6.38%

Total

47

47

46

47
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3.4 - The investigator team and project helped me to: (select all that apply)

# Answer % Count

1 Understand variability and changes in weather and climate in the places 37 70% »3
that | work

5 Link variability and changes in weather and climate to impacts to 45 90% )8
resources or places that | manage

3 Identify, evaluate, or select potential adaptation strategies to co}pe with 0.00% 0
these impacts

4 other  16.39% 10

Total 100% 61
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3.5 - Were the project results useful for you or your colleagues in the following ways? (select one

for each)
# Question
1 Being better informed
broadly about an issue
Being better informed
2 specifically about a
particular problem
3 Gained a new technical skill
4 Formulated policy
5 Informed management
plans
6 Informed management
actions
7 Informed adaptation plans
3 Implemented adaptation
plans
Provided training or
9 education within your
organization
Provided training or
10 education outside of your
organization
11 Other

Extremely
useful

71.43%

70.45%

35.48%

9.52%

50.00%

48.48%
48.48%

52.17%

64.29%

71.43%

0.00%

30

31

11

18

16

16

12

18

20

Moderately
useful

28.57%

29.55%

38.71%

66.67%

41.67%

45.45%
42.42%

34.78%

28.57%

25.00%

0.00%

12

13

12

14

15

15

14

Not
useful

0.00%

0.00%

25.81%

23.81%

8.33%

6.06%

9.09%

13.04%

7.14%

3.57%

0.00%

Total

42

44

31

21

36

33

33

23

28

28
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3.6 - Please briefly describe how your agency used project results to inform any agency plans or
actions.

prowdeddmt@ht
action rﬁsu{_t
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agencyuseful

Mmanagement
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3.7 - Were there any specific factors that promoted the use of project results (select one)

# Answer % Count
1 Yes 52.17% 24
2 No 47.83% 22

Total 100% 46
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3.8 - Please briefly describe the specific factors that you feel promoted the use of project results.

Impact
relationship

cUmate

projectpy;
condition_Qlgh
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3.9 - Did anything limit the use of project results? (select one)

# Answer % Count
9 Yes 28.89% 13
10 No 71.11% 32

Total 100% 45
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3.10 - From your perspective, what factors may have limited the use of the project results? (select
all that apply)

# Answer % Count
1 Science was not of sufficient quality = 0.00% 0
2 Results did not match scale of decisions or plans = 7.69% 2
3 Production of results did not match the timeline for decision makmg. or 7 69% 5
planning
4 Resource managers / decision makers were not engaged sufficiently by 3 859% 1
the investigators o2
Results were not communicated in a way that is understandable by
5 - 3.85% 1
resource managers / decision makers
Tools and other products were not designed in a way that is functional
6 . 3.85% 1
for resource managers / decision makers
Resource managers / decision makers need additional skills or training
7 3.85% 1
to make use of the results
8 Did not match existing internal priorities of your organization =~ 7.69% 2
9 Internal priorities of your organization shifted =~ 3.85% 1
10 Resource constraints within your organization 15.38% 4
11 Other 23.08% 6
1 Resource managers / decision makers need additional time to make use 19.23% 5

of the results

Total 100% 26
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4.2 - How do you feel about your experiences with this investigator team? (select one)

# Answer
1 Extremely satisfied
2 Somewhat satisfied
3 Neither satisfied nor dissatisfied
4 Somewhat dissatisfied
5 Extremely dissatisfied

Total

%

72.34%

21.28%

4.26%

2.13%

0.00%

100%

Count

34

10

47
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4.3 - How do you feel about your experiences with this project? (select one)

# Answer
1 Extremely satisfied
2 Somewhat satisfied
3 Neither satisfied nor dissatisfied
4 Somewhat dissatisfied
5 Extremely dissatisfied

Total

%

57.45%

29.79%

8.51%

4.26%

0.00%

100%

Count

27

14

47
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4.4 - Please rate how strongly you agree or disagree with the following statements. (select one for
each)

#

Question

The
investigator
team
appreciate
dand
respected
what |
brought to
the project.
The
investigator
team took
my opinion
seriously in
the course
of
discussions.
The
investigator
team was
committed
to the
process.
The
investigator
team was
honest and
sincere.
The
investigator
team was
trustworth

y.

Strongl
y agree

72.34%

72.34%

78.72%

87.23%

87.23%

~ w

w

Somewha
t agree

19.15%

17.02%

12.77%

12.77%

12.77%

9

8

Neither
agree
nor
disagre
e

6.38%

8.51%

8.51%

0.00%

0.00%

Somewha

t disagree
3 2.13%
4 2.13%
4 0.00%
0 0.00%
0 0.00%

Strongl

y

disagre

e

1 0.00%
1 0.00%
0 0.00%
0 0.00%
0 0.00%

Tota

47

47

47

47

47
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4.5 - Based on your experiences with this investigator team and project, in the future, would you:
(select one for each)

# Question

Use

additional
results

1 generated
by this
investigat

or team

Work with
this

investigat

2 or team
again on
another
project

Work with
another
investigat

3 or team
on a CSC-
funded
project
Request
climate-
relevant
adaptatio

n support
directly

from the

CSC

Extremel
y likely

76.60%

84.44%

58.70%

45.65%

Somewh
at likely

23.40%

13.33%

36.96%

34.78%

[EE

Neithe
r likely

nor
unlikel

Yy

0.00%

0.00%

4.35%

19.57
%

Somewh
at
unlikely

0.00%

2.22%

0.00%

0.00%

Extremel

unlikely

0.00%

0.00%

0.00%

0.00%

Tota

47

45

46

46
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4.7 - From your perspective, what reason(s) would make it likely for you to work with this
investigator team or the CSC again in the future?

rojectfuture
gocl):)dV\J[O result
collaborate

agency

. ng
Interaction
Investigate
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5.2 - What is the primary focus area of your work? (select all that apply)

# Answer
1 Wildlife
2 Fish
3 Water
4 Habitat or vegetation
5 Cultural resources
6 Infrastructure
7 Agriculture
8 Other

Total

%

21.78%

6.93%

19.80%

23.76%

6.93%

3.96%

10.89%

5.94%

100%

Count

22

20

24

11

101
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5.3 - Would you consider your role primarily to be? (select one)

# Answer
1 Resource manager/decision maker/planner
2 Scientist/technician/researcher
3 Equally both

Total

%

45.65%

39.13%

15.22%

100%

Count

21

18

46
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5.5 - Please provide any additional feedback on your experience with this investigator team and
project that you feel was not covered in the survey questions:

reled e

betteridject
bcalworkareat
. teamsurvey
Investigate

researchsupport
understanding

opportunit '
ppinform tigHmate
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