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ABSTRACT
Forest health in the United States has been suffering due to threats such as climate change,
wildfire, and human development. As a result, efforts are being undertaken to restore
natural processes, improve health, and foster resilience in forested systems. Such efforts
involve diverse stakeholders, land management agencies, scientists, and the public, who
work together collaboratively to find common goals and agreeable solutions. Central to
collaborative forest management is an emphasis on using science to inform decisionmaking. Yet there are many challenges to applying science in decision-making and
developing actionable scientific information for management. Many of the efforts to
better align science and decision-making have focused on climate research, and
additional empirical evidence is needed to provide context-specific recommendations for
connecting science and decision-making in different areas of natural resource
management. To that end, this dissertation provides an assessment of the role of science
in collaborative forest management. The central question that unifies this work is: how is
science applied in decision-making for collaborative forest management, and in what
ways can the use of science for decision-making in this context be improved? The first
two appendices address this within the context of the Collaborative Forest Landscape
Restoration Program (CFLRP): Appendix A examines the role of science in the CFLRP;
and Appendix B assesses how science informs decision-making in the CFLRP. Appendix
C addresses the application, development, and communication of scientific information to
support resilient forest management. This dissertation illustrates the importance of
common goals, in-person interactions, and sustained communication between scientists
and decision-makers in order to integrate science into the forest management process.
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CHAPTER 1: INTRODUCTION
Forest management in the United States is a complex decision-making process. It
has also increasingly become a collaborative process that involves numerous stakeholder
groups, scientists, and land management agencies. A central decision-making
consideration in collaborative forest management is scientific information. Decisionmakers in the U.S. are required to use science according to the legal policies that regulate
forest management. Scientific information also provides context-specific details about
ecological, economic, and social conditions, as well as valuable information about
restoring forest health and fostering resilience to climate change.
There are, however, many challenges applying science in management and
developing usable scientific information for decision-making. Institutional barriers, poor
communication, political considerations, and many other factors contribute to what has
been characterized as a gap between science and decision-making (McNie 2007, Sarewitz
and Pielke 2007). In order to reduce this gap, there have been numerous efforts within
both research and practice spheres to determine how to conduct collaborative research
and better connect science with decision-making in environmental management (Cash et
al. 2006, Dilling and Lemos 2011, Ferguson et al. 2014, Jacobs 2002). Many of these
efforts by researchers and practitioners to better connect science and decision-making
have focused specifically on climate research and related decision processes (Dilling and
Lemos 2011, Lemos and Morehouse 2005). Yet there is still a need for more information
in different environmental management contexts, such as collaborative forest
management. There is, moreover, little empirical evidence about how science is used in
collaborative forest management and how it informs decision-making. To that end, the
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primary question driving the work presented in this dissertation is: how is science applied
in decision-making for collaborative forest management, and in what ways can the use of
science for decision-making in this context be improved?
This chapter serves as an introduction for this dissertation and the three
appendices that follow. First, I provide an overview of the disciplines in which this work
is situated, including environmental geography, science studies, collaborative natural
resource management, and forest science and policy. Next, I illustrate how the three
appendices and this dissertation more broadly fill gaps of knowledge in the existing
literature. Lastly, I include a reflexive discussion of some of the issues I encountered as I
attempted to conduct “use-inspired” research. The second chapter briefly discusses the
present study and summarizes the salient research outcomes.

Literature Review
The discipline of environmental geography – or what was previously referred to
as human-environment geography – provides the theoretical framework for this
dissertation. Environmental geography unifies human, physical, regional, and technical
perspectives in geography, and seeks to “bridge the divide” between them (Castree et al.
2009). Environmental geography focuses on the relationships between humans and the
environment, which comprises a wide range of research topics and approaches (Castree et
al. 2009). This dissertation falls squarely within the realm of environmental geography,
because this research is concerned with how the environment shapes social practices such
as science-based, collaborative forest management, as well as with how decision-making
consequently shapes the environment.
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This dissertation is concerned with the environmental geographies of people and
the landscapes in which they exist. More specifically, I seek to clarify how diverse groups
of people work together, and how, through working together, science is integrated into
decision-making about forest management. I define science in the modern sense of the
word as the systematic pursuit of knowledge. Two primary types of research characterize
modern science: basic and applied (Stokes 1997, 6-7). Basic research is meant to advance
understanding of particular phenomenon, while applied science is focused on how
knowledge can be put to some specific use in society. I also define scientific information
as the body of knowledge that is generated from basic or applied research. These
definitions encompasses all research disciplines and methods, though my focus on
collaborative forest management emphasizes the earth and social sciences. Additionally,
while I engage with a range of research disciplines in this dissertation, its fundamental
roots are geographic, emphasizing the importance of place or context in how science and
decision-making for collaborative forest management are conducted. Nonetheless,
environmental geographers often delve as much into other disciplines as in geography
(Castree et al. 2009), and this dissertation is representative of that tendency. In the
following sections, I will summarize relevant aspects of the different fields that inform
this dissertation, as well as highlight the connections between those fields and
environmental geography.

Science Studies
Science studies - also referred to as science and technology studies (STS) - is an
interdisciplinary approach to understanding how science is informed by and influences
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society. Much like environmental geography is concerned with reciprocal relationships
between humans and the environment, STS is concerned with the relationships between
people and science. Geographers have made substantial contributions to STS, with one of
the major contributions being a critical examination of science itself. As Castree,
Demeritt, and Liverman (2009) argue, “few geographers” hold tight to the notion of “one
‘true method’ for interrogating reality.” Many environmental geographers have
emphasized that science is one of many forms of knowledge and processes used to
understand the world (Chilvers 2009, Lemos and Morehouse 2005, Sayre 2009). Science
is not conducted in a societal vacuum; science cannot be entirely removed from and
devoid of impacts from the historical and geographical context under which it is
conducted (Barnes 2003). Nonetheless, one of the fundamental goals of science is to
generate knowledge about the world using as neutral and objective an approach as
possible. Science is a widespread approach to documenting and interpreting
environmental and social processes, such as earth system phenomena and human
activities. At the same time, science is one of many ways of observing and understanding
the world. There are many traditional knowledge systems, which tend to be more
integrated with cultural practices, and are invaluable for understanding and restoring
ecosystems (Higgs 2005).
As an environmental geographer informed by these different perspectives of
science, I am not suggesting that science is the best or only way of understanding the
world. My focus on science is not meant to negate or undervalue the social values and
other considerations that are critical in collaborative forest restoration (Egan 2012, Selig
2012). Science itself is diverse, and there are ways of conducting research that can be
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more attuned to social considerations and decision-making needs (Lemos and Morehouse
2005). However, I do think it is important to understand the role that science plays in
decision-making and to identify ways to more effectively connect science with the
relevant decision-making considerations and management actions. This necessitates an
understanding of the general relationships between science and society, which is the
focus of STS.
As I noted earlier, there are two types of research: basic and applied. The
relationship between basic and applied science is not smooth and linear, as each
influences the other in multiple ways (Stokes 1997, 6-7). Although basic research is
necessary to advance knowledge within specific scientific fields, the majority of modern
science is directed to some specific end (Sarewitz and Pielke 2007). However, the
scientific community has long been criticized for being stuck in an ivory tower and only
emerging to drop off knowledge at the loading dock of society (Cash et al. 2006). These
criticisms are targeted at a linear model of science, as described by Stokes, whereby basic
research should flow smoothly to applied research and onto technological development
and societal application (1997, 10-11). Though this model has been highly criticized,
there is still a strong culture of science that upholds these values (Cortner 2000).
Additionally, it is still unclear to what degree science should be more concerned with
providing a larger benefit to society, and there are few metrics for assessing the worth of
one research endeavor to society versus another (Sarewitz & Pielke 2007).
These issues have led to what has been characterized as a gap between science
and decision-making or a divide between the producers of scientific information and the
end users, for example, decision-makers (McNie 2007, Sarewitz and Pielke 2007).

14

Decision-makers demand relevant, credible, and legitimate information, as defined by
Cash et al. (2003) in order to inform their decisions, and scientists may not always
produce the kind of information they need (Jacobs 2005). Scientific information can be
difficult to use if it is not appropriate to a specific decision context, hard to interpret or
apply, or inaccessible, as many research products are not available outside of scientific
communities (Jacobs et al. 2005, Rice et al. 2009, Tribbia and Moser 2008, White et al.
2008). At the same time, there are criticisms from the scientific community that decisionmakers do not always seek the most up-to-date information or are not transparent in their
use of science (Jacobs 2002, Janse 2008). Unfortunately, the result of these tensions is
that the impact of science on society can be limited.
For these reasons, there is a demand that science become more relevant to societal
needs and decision-making contexts (Gibbons 1999, Latour 1998). On the one end is the
loading dock approach, whereby science is simply dropped off at the loading dock of
society and expected to make its way into application (Cash et al. 2006). However, there
are many issues with this approach, and different models for conducting applied research
and engaging more effectively with research users have emerged. On the other end is the
full co-production of science model, whereby scientists and end users collaborate on all
aspects of research design and application (Jasanoff 1996, Lemos and Morehouse 2005).
But there are many variations and degrees of intensity of applied science beyond the full
co-production model, which include knowledge networks (Feldman and Ingram 2009),
boundary organizations (Guston 2001), interdisciplinary programs (Pulwarty et al. 2009),
and participatory practices (Chilvers 2009). What all of these approaches have in
common is an emphasis on the end use or user. This kind of applied science has been
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termed use-inspired science, which the National Research Council (2007) defines as
“scientific investigation whose rationale, conceptualization, and research directions are
driven by the potential use to which the knowledge will be put.” Use-inspired science
emphasizes that the connections and reciprocity between science and society are not only
unavoidable but also critical to developing science that can effectively inform decisionmaking.
The creation and use of science is a complex process that is affected by a range of
social and contextual factors. Knowledge production and use are inherently political
processes that are embedded in and shaped by the contexts in which they occur (Lemos
and Morehouse 2005). I aim in this dissertation to clarify knowledge production and use
within the context of collaborative forest management, which is informed by science, as
well as social values, economic considerations, and local context (Egan 2012). To better
understand the role of science in this context, in the next section, I review the relevant
literature on collaborative natural resource management.

Collaborative Natural Resource Management
The high levels of complexity and uncertainty, diverse participants, competing
values, multiple jurisdictions, and wide ranging impacts associated with complex
environmental problems, such as forest management in a changing climate, have
precipitated a rise in the demand for collaborative natural resource management
(Wondolleck and Yaffee 2000). Collaborative natural resource management has been
called for increasingly to provide an opening for broader social input and to improve the
outcomes of decision-making (Conley and Moote 2003). Participatory and collaborative
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practices in environmental management have also helped to provide a space for greater
input in environmental policy, which has traditionally been the realm of experts and elites
(Chilvers 2009).
Paramount to calls for collaboration in natural resource management is concern
that environmental problems are not conducive to “central government solutions”
(Koontz and Thomas 2006) and that many ecological and social issues are not being
addressed sufficiently by land management agencies (Schultz et al. 2012). The 1990’s
marked a significant shift in the U.S. as numerous federal agencies began emphasizing
public participation and collaborative problem solving, while stakeholders
simultaneously began organizing more at the local level (Koontz and Thomas 2006).
Trends in land management have evolved over time with improvements in scientific and
local knowledge of ecosystems. The emphasis of land management in recent decades has
shifted to a more comprehensive focus that considers broad scales, complex processes,
and interactions among diverse participants (Grumbine 1994). This is in stark contrast to
prior land management practices that were focused on commodity production and
economic gain.
The changing focus of land management has also made it more complicated in
some cases. Collaborative approaches to natural resource management are highly variable
and context-dependent; yet they typically consist of a diverse group of individuals and
organizations working towards a common goal (O’Leary and Bingham 2009,
Wondolleck and Yaffee 2000). There are numerous collaborative methods and
frameworks, though within the academic literature and practitioner community, there is
little consensus as to what factors create quality collaboration or what framework should

17

be used to evaluate collaborative efforts (Conley and Moote 2003, Reed 2008). The
nature, process, and outcomes of collaboration vary significantly depending on the issue
at hand. As a result, notions of what constitutes collaboration and participation have
become contested (Bailey and Grossardt 2010, Parkins and Mitchell 2005). Indeed, there
is a vast difference between calling for collaboration and actually allowing a variety of
perspectives to shape decision-making processes (Jacobs 2002).
Many of the policies that govern natural resource management, such as the
National Environmental Policy Act (NEPA) of 1969, require a public process in decisionmaking when management actions will result in any significant impact on the ground.
Furthermore, recent policies like the Collaborative Forest Landscape Restoration
Program (CFLRP), which is the focus of Appendices A and B, mandate collaboration as
part of the funding requirements. However, balancing social values, scientific
information, and economic considerations in collaboration is challenging (Egan 2012,
Morehouse et al. 2010), and decision-makers often have varying levels of comfort with
collaboration (Butler 2013). In many cases, it is not even clear to what extent
collaboration improves environmental outcomes (Koontz and Thomas 2006).
Nonetheless, collaboration has been idealized by academe and popular imagination alike,
despite the common problem that the “actual experience” often varies from the “idealized
narrative” (Conley and Moote 2003).
But as Cheng (2006) suggests, collaboration is not a decision process, rather a
“collective exploration and search for new ways of looking at and addressing a situation.”
This explanation provides a great deal of flexibility and room for the co-production of
knowledge in order to shape the decision-making process. Indeed, in forest management,
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collaboration “is a process through which multiple stakeholders jointly explore diverse
values and interests and attempt to come to some level of agreement about appropriate
land management” with the goal being the development of restoration approaches that are
“scientifically credible and socially acceptable” (Selig 2012). Despite some of the
challenges, collaboration has been shown to improve decision-making (Beierle 2002),
increase learning (Cheng and Sturtevant 2012), and allow for more monitoring and
assessment (Schultz et al. 2014).
Collaborative natural resource management is a critical tool to assist with the
complexity of ecosystem management. Scientific information is invaluable in this context
for providing information about the “variability and complexity of ecosystems and their
components” (Francis 2009). Environmental geography has contributed significantly to
our understanding of ecosystem management, by emphasizing both the human and nonhuman aspects of the process (Francis 2009). My research will contribute to our
understanding of how science is balanced with other perspectives in collaborative forest
management and what factors affect this process. The next section addresses the relevant
aspects of forest science and policy that provide context for the forest management
practices being examined in this dissertation.

Forest Science and Policy
Forests face numerous threats from climate change, uncharacteristic wildfires,
drought, invasive species, and human development. These threats interact in complex
ways, resulting in dynamic, rapidly changing conditions (Park Williams et al. 2012), and
in many cases, are leading to forest decline and tree mortality in the U.S. and around the
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globe (Allen et al. 2010). In many of the forests of the American West, fire is a keystone
ecological process that helps to regulate ecosystem health (Covington 2000). However,
for the last century, natural fire has been largely suppressed, further contributing to a
decline in forest health (Stephens and Ruth 2005). Fire suppression coupled with the
other threats to forest health has resulted in a fire crisis in many Western forests.
Meanwhile, federal fire policy has been slow to address the complexities of this crisis and
is limited given the scope of the problem (Steelman and Burke 2007).
The U.S. Forest Service has declared that there are between 65-82 million acres of
National Forest System (NFS) lands in need of restoration (USDA Forest Service 2012).
Restoration is a complex task that seeks to restore forest ecosystem structure and function
to some pre-disturbance or reference condition. However, there are varying definitions of
restoration, which evolve over time and among places (Friederici 2003), as well as
disagreement over what constitute appropriate pre-disturbance conditions, especially with
respect to climate change (Millar et al. 2007). There are also varying methods for
conducting restoration, levels of ecosystem degradation, and influences on present and
future conditions (Allen et al. 2002, Lamb et al. 2012). Science is an important
component of ecological restoration, but restoration must also be economically efficient,
as well as informed by historic, cultural, social, political, aesthetic, and moral factors
(Higgs 1997). In addition to being scientifically informed, forest restoration is also a
social practice, which necessitates collaboration amongst diverse networks of human
actors and institutions with varying degrees of power to influence decision-making and
actions on the ground (Egan 2012).
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While restoration seeks to restore forest health to some past reference condition,
managing for forest resilience is also becomingly increasingly important (Millar et al.
2007). The concept of resilience emphasizes the ability of an ecosystem to survive a
disturbance and maintain its general form and function (Holling 1973). However, as
climate change increases the scale and intensity of some disturbances, the concept has
expanded to also emphasize the ability of a system to reorganize and adapt in the face of
change (Adger and Brown 2009, Folke 2006). Forest management practices that seek to
address climate change and foster resilience are struggling to keep pace with the rapid
changes on the ground and often slow changes at the policy or decision-making level,
though strides are being made as more attention is focused on resilience (Archie et al.
2012, Ellenwood et al. 2012, West et al. 2009).
Science has played a varying role in forest management. The early days of federal
forest management were characterized by policies of fire suppression that were not
supported by the early science, which indicated that fire might play an important
ecological role in many forests (Pyne 2004, 10-11). Early research also indicated that
there were numerous negative effects due to fire suppression practices (Leopold et al.
1963, Stephens and Ruth 2005). The mandate to use science in natural resource
management more broadly was formalized by policies like NEPA and the Endangered
Species Act (ESA) of 1973, which require use of the ‘best available science.’ These
policies came about partly in response to concerns over scientific uncertainty and
decision-making transparency within federal natural resource management agencies
(Schultz 2008). Although legislative mandates like NEPA and ESA improve
transparency, they do not guarantee that science will be used effectively in decision-
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making since it must be interpreted and applied (Doremus 2006), and this is not always
done effectively due to a range of institutional and cultural factors (Lyons et al. 2014,
Wright 2010). Additionally, there are varying interpretations of the ‘best available
science’ or usable science (Dilling and Lemos 2011, Sullivan et al. 2006). To that end, it
is often unclear what role exactly science plays in forest management.
In order to better understand how science is used in and informs decision-making
about collaborative forest management, this dissertation explores two different facets of
the problem. The focus first turns to the Collaborative Forest Landscape Restoration
Program (CFLRP), which was funded in 2009 through the Omnibus Public Lands Act to
fund “collaborative, science-based restoration on collaborative, science-based restoration
on priority forest landscapes across the U.S.” (Public Law 111-11). The CFLRP is a
major policy experiment designed to test restoration approaches across the country, and it
represents a unique opportunity to understand how science is used in collaborative forest
management. While the CFLRP is focused primarily on forest restoration, many
scientists and managers are concerned increasingly about how to manage forested
ecosystems under a changing climate. The third appendix thus focuses on science and
decision-making to support resilient forest management. By focusing on both restoration
and resilience in forest management, this dissertation provides comprehensive overview
of the role of science in collaborative forest management.

Contributions of the Present Study
As this review of the literature demonstrates, the role of science in forest
management is highly complex and context dependent. This dissertation focuses on how
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science is used, generated, and communicated in collaborative forest management and
decision-making and seeks to contribute to our understanding of how to achieve
scientifically and socially grounded decision-making. Each of the papers presented in the
appendices that follow contribute to this body of knowledge, but the main contribution is
a specific focus on best available and use-inspired science within the context of
collaborative forest management. A great deal of research into the practices and attributes
of use-inspired science has focused on climate research more broadly, but this
dissertation scales that focus down to a specific natural resource management context. It
also provides empirical evidence about how the best available science is interpreted and
addressed in forest management.
The work presented in Appendices A and B is distinctly related by its focus on the
Collaborative Forest Landscape Restoration Program (CFLRP); both Appendix A and B
fill gaps in the literature about the role of science in collaborative forest restoration.
Appendix A presents empirical findings about the role of science in the CFLRP. This
research contributes to our understanding of what it means to use the “best available
science” and how that directive is understood and enacted within the CFLRP. This paper
highlights the variable interpretations of the ‘best available science’ and the lack of clear
directive for incorporating science into collaborative forest restoration and forest
management decision-making. Furthermore, it emphasizes that while science is a major
driver behind the CFLRP, its role is still somewhat ambiguous and unclear in many cases.
Appendix B follows directly from Appendix A and evaluates how science
actually works through the CFLRP to inform decision-making and on-the-ground
management. This paper also presents empirical findings but has a more conceptual
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emphasis in assessing how science informs decision-making. Specific factors that
mediate how science is used and its potential effect on decision-making within four key
phases of the CFLRP are reviewed. Notably, this research demonstrates that the CFLRP
presents a unique model of science production and use that emphasizes both social values
and scientific knowledge in decision-making. Additionally, it presents numerous
opportunities for future use-inspired collaborative science through project monitoring and
adaptive management.
Finally, Appendix C fills a gap in the science studies literature by focusing on the
development and application of scientific information to inform decision-making that
supports resilient forest management. This paper also focuses on effective science
communication strategies in this context, as well as specific resilience research needs in
forest management. Additionally, the research presented in Appendix C seeks to
determine recommendations for effectively developing and applying scientific
information in this context, and the results are designed to be directly applicable to forest
managers and scientists.

Methodological Reflections
One of my goals with this dissertation was to produce “something useful” to
forest managers, scientists, and collaborative groups. I wanted to generate knowledge that
would help to streamline the integration of science into decision-making about forest
management. I was driven by the concept of “use-inspired science” (National Research
Council 2007), and ultimately, I wanted my dissertation to make some kind of difference
on the ground.
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However, when I set about conducting my “use-inspired” dissertation, I
encountered some obstacles. The first was that I lacked an established network of
connections or knowledge network (Feldman and Ingram 2009). To be sure, I had a
supportive and well-connected dissertation committee who provided me with invaluable
suggestions and contacts. I had selected the Collaborative Forest Landscape Restoration
Program (CFLRP) as the vehicle through which to investigate the role of science in forest
management. I began my research with one contact in that program who provided
additional suggestions and a formal interview to get me started, but it was my
responsibility to reach out to additional contacts. What became readily apparent was that
cold calling many of these people as an unknown graduate student was not going to be
easy. While nearly everyone responded to my phone calls or emails and was positive and
friendly, I found it difficult to establish myself as someone who was worth their limited
time. In short, I had somewhat unclear goals beyond wanting to be “useful”, was not
connected with a well-known research group associated with the CFLRP, and lacked the
necessary credibility to establish use-inspired research partnerships (Cash et al. 2003).
Despite these challenges, I forged ahead with my cold calling and managed to
interview twenty people from five different CFLR projects in Arizona, New Mexico, and
Colorado. I designed the interviews to identify the major issues in collaboration, the use
of science, and decision-making, as well as to try to figure out how I could be most
useful. At the end of every interview, I asked what could I, as a social scientist and
geographer, do that could help improve the way science is used for decision-making in
the CFLRP? I had envisioned that there would be some unifying response(s) among the
interviewees. What I heard were more than twenty different answers, all of which
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represented important research needs, but most of which were either too much to tackle
or too far afield from my original goals. I also got a lot of questioning stares and
statements like, “Well, that’s a really hard question”. Although asking this question did
not turn out to be practical in terms of conducting my dissertation, it was still an
important question to ask, as it provided me with a great deal of insight into
understanding research needs and the process of collaborative research.
I also learned that a better approach to designing a use-inspired dissertation would
have been to find a key subset of respondents on the CFLRP with whom to design a study
and to follow recommendations for guiding collaborative research provided by previous
researchers in this field, such as Ferguson and others (2014). At one point, I had
suggested a more formal research partnership to some of my contacts, but none of them
took the bait, and I was too intimidated to push the matter. Nonetheless, I had hundreds
of pages of interview transcripts and a general timeline for completing my dissertation. I
needed to move forward, so I determined the most prevalent themes within my dataset
and developed a written survey to validate the salience of those themes, as well as collect
additional empirical evidence. The survey also sought to identify best practices, and
while its overall design was use-inspired, it did not evolve in the beautiful, organic
manner I had envisioned. This research is described further in Appendices A and B.
Meanwhile, new opportunities had presented themselves. During one of the
CFLRP interviews, I had a discussion about an upcoming workshop being hosted by the
Southwest Fire Science Consortium that focused on how to foster resilience in rapidly
changing conditions. The Southwest Fire Science Consortium is a boundary organization
designed to promote dialogue and learning among managers, scientists, and policy
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makers (Kocher et al. 2012). They are fundamentally concerned with connecting science
and decision-making. The interviewee, who was helping organize the workshop, noted
that it presented an important opportunity to learn how to better connect science and
decision-making to support resilient forest management. I reached out to the Southwest
Fire Science Consortium, who agreed that this was a relevant issue, and we subsequently
worked together to design an interview to investigate the role of science and how to
improve the use of science, as well as assess the workshop itself. The resulting study is
described in Appendix C.
I learned a great deal about use-inspired research over the course of my
dissertation. First, the value of a knowledge network cannot be understated (Feldman and
Ingram 2009). While my cold calling strategies did eventually lead to membership in a
knowledge network, it was not the most efficient way to go about the research process.
Second, researchers must work iteratively with end-users to determine and refine research
needs and questions before embarking on a use-inspired project (Cash et al. 2003,
Morehouse and Lemos 2005). The research described in Appendix C represents a much
more effective approach to designing a use-inspired study. Nonetheless, the research in
Appendices A and B does have important implications for the CFLRP, as I maintained a
use-inspired emphasis throughout the process of figuring out how (not) to conduct useinspired research. The third point, then, is that the emphasis of research must remain useinspired. And while my dissertation may not be as “useful” as I once dreamed when I
first embarked on this journey, it does contribute to our understanding of how to more
effectively use science in decision-making for collaborative forest management and
natural resource management more broadly.
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CHAPTER 2: THE PRESENT STUDY
The goal of this dissertation is to understand how science informs forest
management decision-making. It consists of two main branches. The first branch focuses
on the role of science in the Collaborative Forest Landscape Restoration Program
(CFLRP). The CFLRP was created in 2009 by the Omnibus Public Lands Act and is the
largest forest restoration effort in the United States. Projects funded through the CFLRP
must determine how to conduct “collaborative, science-based restoration” on National
Forest System lands operated by the USDA Forest Service. The program represents a
unique opportunity to understand how science is applied in and influences decisionmaking in collaborative forest restoration projects. Appendix A and B report on the work
carried out in this branch of the dissertation. Appendix A will be submitted to the Journal
of Forestry, and Appendix B will be submitted to Society and Natural Resources.
The second branch of this dissertation focuses on the application, development,
and communication of scientific information to inform decision-making that supports
resilient forest management. Determining how to foster resilience in forest management
is becoming increasingly important as climate change drives major, and sometimes, rapid
changes in forest health and structure. Actionable scientific information and new
management approaches are required to address this challenge, but it can be difficult to
effectively connect science and decision-making in this context. Therefore, the second
branch examines how to better utilize and generate scientific information to support
decision-making for resilient forest management. The results from this branch are
reported in Appendix C, which will be submitted to the Journal of Forestry.
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Appendix A
The Role of Science in the USDA Forest Service’s Collaborative Forest Landscape
Restoration Program [to be submitted to the Journal of Forestry]
This paper addresses the lack of empirical evidence about how science is used in
forest restoration by examining the role of science in the Collaborative Forest Landscape
Restoration Program (CFLRP). CFLR projects are required to include the ‘best available
science’ in order to inform decision-making, but it is unclear what this constitutes in
many cases. The questions asked in this paper include: where is science obtained and
how is it communicated, in what ways is science used, how do participants perceive
science, and what are major obstacles to the use of science? Data were collected from
interviews and surveys with participants in five CFLR projects in the Western U.S.,
including the Four Forest Restoration Initiative in Northern Arizona, the Zuni Mountain
CFLRP in West Central New Mexico, the Southwest Jemez Mountains CFLRP in
Northern New Mexico, the Uncompahgre Plateau Collaborative Restoration Project in
Southwestern Colorado, and the Colorado Front Range CFLRP in Central Colorado.
Results from each of the four central research questions are reported. The findings
indicate that the use of science varies widely among projects, although there are some
major similarities across projects as well. I argue that while this variability is important to
ensuring that science is context-specific and relevant, it can also be problematic when
there are no clear standards for integrating scientific information. I also argue that it is
unclear how science informs decision-making in the CFLRP, which sets the stage for the
work that follows in Appendix B.
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Appendix B
Connecting Science and Decision-Making in Collaborative Forest Restoration [to be
submitted to Society and Natural Resources]
There are many challenges connecting science and decision-making despite
ongoing calls to better align these domains, as well as federal mandates to use science.
Therefore, the objective of this paper is to understand the role of science in the
Collaborative Forest Landscape Restoration Program (CFLRP) and how it works through
the collaborative process to inform decision-making. The main question addressed is how
does science inform decision-making in the CFLRP and what specific factors affect this
process? This study also used data from interviews and surveys with participants in five
CFLR projects in the Western U.S., including the Four Forest Restoration Initiative in
Northern Arizona, the Zuni Mountain CFLRP in West Central New Mexico, the
Southwest Jemez Mountains CFLRP in Northern New Mexico, the Uncompahgre Plateau
Collaborative Restoration Project in Southwestern Colorado, and the Colorado Front
Range CFLRP in Central Colorado. A cross-case comparison approach was used to
identify major themes relevant to the use of science in decision-making within and
among projects. The results illustrate that science is applied in four project phases,
including the proposal, planning, implementation, and monitoring and adaptive
management phases, and that within each phase, specific factors mediate the use of
science. I argue that variations in the use of science among projects are due to each
project’s unique characteristics, but that scientist participation, transparency, interaction
with the Forest Service, and decision-making flexibility are common themes across the
five cases. I also argue that the CFLRP presents a unique model of science production
and use, and an important opportunity for future use-inspired, collaborative research.
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Appendix C
Applying, Developing, and Communicating Science to Support Resilient Forest
Management [to be submitted to Journal of Forestry]
This paper evaluates the application, development, and communication of
scientific information in resilient forest management. Scientists and managers are
concerned increasingly with identifying ways to foster resilience to climate change, as
forest health declines and fire behavior intensifies. However, the topic of resilience is
characterized by a great deal of uncertainty in both science and management. It is critical
that scientists and managers are able to work together to effectively develop strategies
that are founded in science and informed by management knowledge, but there are many
challenges to developing actionable research and effectively applying science in
management decision-making. I argue that while there have been many useful efforts to
understand how to develop more actionable research, they have largely focused on
climate science and related applications. Therefore, this paper focuses on this process in
forest management, and more specifically, forest management that seeks to foster
resilience. The study reported in this paper addresses the following questions: 1) How is
scientific information currently used in forest and fire management that seeks to foster
resilience? 2) In what ways are management objectives considered in the development of
scientific information about resilience? 3) What are the most effective ways to
communicate scientific information? 4) What scientific information is needed to improve
our understanding of resilience? 5) How can scientists and managers work together to
effectively develop and apply scientific information to support decision-making about
resilience? Data were obtained from interviews with scientists, managers, and other
stakeholders following a workshop on ecosystem resilience in the Southwest. The results
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demonstrate that science is applied formally and informally and that it is developed
directly and indirectly within forest and fire management that seeks to foster resilience.
Meanwhile, both oral and written communication formats are used to communicate
science, though in-person meetings are most preferred. Nonetheless, there are still many
challenges to generating and utilizing science in resilient forest management. I argue that
in-person interactions, identification of common goals, and sustained, ongoing
communication is critical for effective collaborative research. I also provide a list of
recommendations generated from this research for scientists and managers.
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APPENDIX A:
The Role of Science in the USDA Forest Service’s Collaborative Forest Landscape
Restoration Program
Melanie Colavito1
1

School of Geography and Development, University of Arizona, PO Box 210137, Tucson, AZ 85721
To be submitted to Journal of Forestry

Abstract: The USDA Forest Service’s Collaborative Forest Landscape Restoration
Program (CFLRP) was created in 2009 to fund collaborative, science-based restoration
projects on priority forest landscapes throughout the United States. The importance of
science in collaborative forest restoration efforts such as the CFLRP is growing as
decision-making is complicated by climate change, shifting land use patterns, public
values, and wildfire. However, empirical evidence about the role of science in
collaborative forest restoration projects is limited. This paper examines the use of science
in the CFLRP through an assessment of five projects in the Western U.S. Results from
interviews and a written survey that assessed sources of scientific information, scientific
information use, perceptions of science, and obstacles to science use are presented. The
results indicate that the use of science varies widely among CFLR projects. Although this
allows for flexibility, it can also limit the role that science plays in decision-making.

Management Implications: The Collaborative Forest Landscape Restoration Program
(CFLRP) requires the best available science and scientific application tools. However,
there is little empirical evidence to demonstrate what it means to use the best available
science. Through an analysis of five CFLR projects in the Western U.S., this paper
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illustrates that the use of science in the CFLRP varies widely among projects. While
science is viewed widely as being one of many values and perspectives, there are
concerns that conflicting socio-economic or political perspectives may inhibit the use of
science. This paper argues that while it is important that the use of science within a given
project be context-specific and relevant, it is problematic that there is no clear
infrastructure or rubrics that instruct projects on how to most effectively integrate science
in the CFLRP. While science must be balanced with other decision-making
considerations like social values, statutory guidelines, or economic constraints, it is
invaluable for contributing to a robust restoration approach that is both scientifically
informed and socially relevant. The CFLRP is an important incubator for using science in
collaborative forest restoration, and projects should work to develop a context-specific
infrastructure or rubric for effectively incorporating science with other decision-making
factors.

Keywords: best available science, decision-making, collaboration, ecological restoration,
forest restoration
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Introduction
The Collaborative Forest Landscape Restoration Program (CFLRP) was
established by Congress under Title IV of the Omnibus Public Land Management Act of
2009. It is an ambitious policy experiment designed to test restoration strategies on
USDA Forest Service lands. The stated program goals include encouraging social,
ecological, and economic sustainability, leveraging local resources, reducing wildfire
costs and the risk of uncharacteristic wildfire, re-establishing natural fire regimes,
demonstrating how restoration accomplishes ecological and watershed objectives,
utilizing forest restoration byproducts, and benefitting local economies (Public Law 11111). Projects must be implemented collaboratively and monitored over a ten-year period.
A competitive funding mechanism was used to select ten projects in 2010 and thirteen in
2012 (Schultz et al. 2012).
The CFLRP emphasizes the importance of using science in forest management by
calling for “collaborative, science-based restoration” (Public Law 111-11). It also
requires incorporation of “the best available science and scientific application tools in
ecological restoration strategies” (Public Law 111-11). However, using the best available
science is not straightforward, as there are varying interpretations of what it constitutes
from scientific, management, and legal perspectives (Doremus 2006, Sullivan 2006,
Schultz 2008). It is further complicated in collaborative forest restoration projects like the
CFLRP, which are informed by scientific knowledge, as well as social agreements (Egan
2012).
Notably, ecological restoration is not explicitly defined in the CFLRP. The Forest
Service defines it as: “The process of assisting the recovery of resilience and adaptive
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capacity of ecosystems that have been degraded, damaged, or destroyed. Restoration
focuses on establishing the composition, structure, pattern, and ecological processes
necessary to make terrestrial and aquatic ecosystems sustainable, resilient, and healthy
under current and future conditions” (USDA Forest Service 2011). This definition was
derived from the Society for Ecological Restoration (SER), which takes a scientific
perspective emphasizing reference systems and historic range of variability (SER 2004,
Egan 2012). While ecological restoration should be grounded in scientific knowledge, it
must also be resourceful and address historic, cultural, social, political, aesthetic, and
moral factors (Higgs 1997). Definitions of restoration vary among participants and evolve
over time (Friederici 2003). It is also complicated by climate change, which may negate
some reference systems (Millar et al. 2007). Furthermore, the CFLRP is not explicit
about what constitutes an uncharacteristic wildfire or natural fire regime, and projects
must work to define these concepts within their landscape. Indeed, restoration is a
complex process whereby managers and stakeholders must consider multiple values and
objectives while adhering to federal guidelines.
Given this variability, science is invaluable for informing restoration. But in order
to better apply science in restoration, it is first necessary to understand how it is currently
being used. However, there is little empirical evidence about how the ‘best available
science’ is interpreted and integrated. The CFLRP presents a unique opportunity to
understand this process. This paper summarizes results from a study that examined the
use of science in the CFLRP using data from five projects in Forest Service Regions 2
and 3 (Table 1). These projects face issues that are representative of many of the forested
areas of the Southwest, where changing land use patterns, increasing temperatures,
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drought, and longer fire seasons have led to declining forest health (Westerling et al.
2006, Theobald et al. 2013). All three states have also experienced major wildfires that
served as catalysts for forest restoration. Climate predictions for the region indicate that
rising temperatures, varying precipitation patterns, reduced snowpack, and decreased
streamflow will affect forest health, making restoration a critical tool to address these
challenges (Allen et al. 2002, Cayan et al. 2013).

Table 1. CFLRP study sites, location, size, jurisdiction, and funding year
Project

Location

Acres

Four Forest
Restoration Initiative

Northern
Arizona

Zuni Mountain
CFLRP
Southwest Jemez
Mountains CFLRP

West Central
New Mexico
North
Central New
Mexico
Western
Colorado

2.4
millio
n
210,0
00
210,0
00

Uncompahgre Plateau
Collaborative
Restoration Project
Colorado Front Range
CFLRP

Central
Colorado

1millio
n
1.5
millio
n

USFS
Region
Region 3

National Forests

Funding Year

Coconino, Kaibab,
Apache-Sitgreaves,
Tonto
Cibola

2010

Region 3

Santa Fe & Valles
Caldera National Park

2010

Region 2

Grand Mesa,
Uncompahgre,
Gunnison
Arapaho-Roosevelt,
Pike-San Isabel

2010

Region 3

Region 2

2012

2010

Science in Natural Resource Management
The CFLRP must follow the laws that govern forest management, including the
National Environmental Policy Act (NEPA), the Endangered Species Act (ESA), and the
2012 Planning Rule revisions of the National Forest Management Act (NFMA), which
also mandate use of the ‘best available science’. The Forest Service provides detailed
guidelines for implementing the best available scientific information (BASI) into the
planning process, assessing BASI quality and accuracy, finding and documenting BASI,
and conducting science reviews (USDA Forest Service 2013). However, BASI is
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inherently scale and context specific in order to be relevant for a particular resource and
project area (Brewer 2012). For this reason, determination of BASI is often left to the
discretion of individual decision-makers (Schultz 2008).
In addition to statuary requirements, factors internal and external to forest
management agencies complicate the use of science. Within agencies, institutional factors
like agency culture and opportunities, as well as personal factors like individual attitudes
and beliefs, time, and personal responsibilities affect how science is accessed, viewed,
and applied (Corringham et al. 2008, Wright 2010). Externally, collaborative governance
practices and approaches can affect communication with and influence on agency
decision-making and overall group learning (Butler 2013, Schultz et al. 2014, Cheng et
al. 2015). Social values are also fundamental to collaborative forest restoration but can be
difficult to balance with science (Egan 2012). Even when BASI is being used, there can
be tensions with stakeholder groups over contentious issues like diameter caps or tree
diameter thresholds for thinning (Egan et al. 2015, Sánchez Meador et al. 2015).
Another important aspect of using science is having scientists engage in the
collaborative process (Wondolleck and Yaffee 2000, 200-202). However, the ways in
which scientists participate can impact the outcomes of science use. Research that is not
explicitly designed to inform decision-making may be difficult to utilize (Sarewitz and
Pielke 2007). There are varying interpretations of what constitutes BASI (Sullivan et al.
2006) or what makes scientific information “usable” (Dilling and Lemos 2011). Science
is not value free or apolitical, as it can be manipulated and misinterpreted (Doremus
2006). Previous work demonstrates that scientific information should be credible, salient,
and legitimate in order to be effectively used in decision-making (Cash et al. 2003).
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Meanwhile, purposeful collaborative efforts involving scientists and managers have been
shown to improve the outcomes of integrating research in decision-making and
improving learning (Ferguson et al. 2014).
However, this begs the question of how and to what degree scientific information is
integrated in collaborative forest restoration projects like the CFLRP. There is a general
sense that science is foundational, but there is little empirical evidence about how
different CFLR projects address the use of science, how science is perceived, and how it
works with collaborative processes and other decision-making considerations to inform
management action. In order to contribute to our understanding of how science is used
and applied in the CFLRP, this paper addresses four research questions: (1) Where is
science obtained and how is it communicated? (2) How is science used? (3) How do
participants perceive science? (4) What are the major obstacles to using science?

Study Areas & Participants
Four Forest Restoration Initiative (4FRI)
In 1996, the Greater Flagstaff Forests Partnership was formed in the western
portion of the 4FRI landscape after the area experienced numerous wildfires. In 2002, the
Rodeo-Chedeski Fire provided impetus for restoration efforts on the eastern portion and
the formation of the White Mountain Stewardship Contract. The CFLRP united these
efforts and includes nearly fifty stakeholder groups. Long-term research near Flagstaff
has contributed to a robust understanding of historic structure, function, and composition
of 4FRI’s frequent-fire ponderosa pine forests.

46

Zuni Mountain CFLRP
Prior collaborative efforts in the Zuni Mountains were associated with the New
Mexico Community Forest Restoration Program (CFRP), which was established by
Congress in 2000 to provide forest restoration cost-sharing grants and was an important
precursor to the CFLRP. The Wood Industries Network, established in 2005 by The
Forest Guild, further supported local restoration. The Zuni Mountains were heavily
logged in the early 1900’s and have not seen as much research interest as nearby
mountain ranges.

Southwest Jemez Mountains CFLRP
Southwest Jemez involves two federal agencies: the Valles Caldera National Park
(VCNP), formerly Preserve, and the Santa Fe National Forest. The Cerro Grande Fire in
2002 was a major catalyzing event for early restoration efforts. As with Zuni, the CFRP
provided an important precursor, as well as The Nature Conservancy’s Fire Learning
Network and the Jemez Watershed Group. VCNP has been active in promoting local
science through program monitoring, biological inventorying, and long-term research.

Uncompahgre Plateau Collaborative Restoration Project
Collaborative efforts began in 1994 with the Public Lands Partnership. However,
the CFLRP has its origins in the 2001 Uncompahgre Partnership, which includes state
and federal agencies, local organizations, and the public. The local communities are
largely situated with a wildland urban interface (WUI), and the landscape includes major
drainages to the Colorado River and critical energy transmission corridors. Uncompahgre
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is unique due to its involvement from citizen scientists who assist with monitoring and
collaborative efforts.

Colorado Front Range CFLRP
Front Range incorporates a highly populated WUI from Colorado Springs to Ft.
Collins. The project originated after the 2002 Hayman Fire, which led to the creation of
the Front Range Roundtable. The 2006 “Living with Fire” report provided the basis for
the CFLRP and outlined areas of consensus for restoration. After receiving funding, Front
Range became acutely aware of a lack of science to inform their restoration efforts and
have since been working to address this and define restoration in the area (Dickinson et
al. 2014).

Methods
Empirical research took place from August 2013 to October 2014 and included
two phases. The first phase consisted of interviews, participant observation, and
document review. In order to gain insight into project history, collaboration, decisionmaking, and the use of science, twenty semi-structured interviews were carried out with
participants in the five study sites. The interviews were conducted in-person and over the
phone and followed a predetermined but flexible structure (Dunn 2008). Using the
primary contacts list on each project, a snowball sampling technique was employed to
identify interviewees (Singleton and Straits 2010). To understand how projects operated,
participant observation was conducted at four CFLRP meetings (Kearns 2008).
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Additional background information was gathered through document review of CFLRP
proposals, project documents, and gray literature.
Interview transcripts were reviewed and approved by interviewees before being
imported to NVivo for Mac version 10.2.1 for coding. An open coding approach based in
grounded theory was employed to code interview data (Strauss and Corbin 1990). This
requires iterative and systematic data review to allow themes and patterns to emerge over
time (Strauss and Corbin 1990). Data were coded three times, with each subsequent
round of coding leaded to further refinement. Reflexive analytic logs and memos were
also maintained to track ideas and reduce bias, as there was only one researcher doing the
coding (Dunn 2008).
The second phase consisted of a written survey, which was developed from and
used to validate the interview results. It included twenty-five multiple-choice single
answer, multiple-choice multiple answer, Likert scale matrix tables, and rank order
questions and was pretested by one interviewee (McGuirk and O’Neill 2008). It was
administered online using Qualtrics Research Suite and emailed to the twenty
interviewees who were asked to complete and share it with their fellow project
participants. Sixteen of the twenty interviewees agreed to share the survey, but as it is
impossible to track how many total people received it, no response rate is provided.
Thirty-nine respondents started the survey, and thirty-five completed it for a completion
rate of 90%. In accordance with the Institutional Review Board overseeing this study, no
personal information is provided.
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Respondent Demographics
Across both study phases, there were 59 participants (Table 2). About half of the
respondents were affiliated with the federal government, primarily the Forest Service and
VCNP. There were nine university-affiliated respondents, including those from
university-based organizations like the Ecological Restoration Institute (ERI), the
Colorado Forest Restoration Institute (CFRI), or the New Mexico Forest and Watershed
Restoration Institute (NMFWRI), and eighteen respondents affiliated with non-profits
(Table 3). Respondent roles varied from scientists to decision-makers to citizen
stakeholders (Table 4).
Table 2. Respondent roles in the CFLRP. This study did not focus specifically on utilization, and
there was only 1 respondent from the industry sector.
Role in CFLRP

4FRI

Zuni

Jemez

Uncompahgre

Front Range

Totals

Collaborative

10

2

7

8

4

31

Forest Service

7

1

5

-

4

17

Industry

-

1

-

-

-

1

Other

-

1*

5**

1*

3***

10

17

5

17

9

11

59

Total Respondents

*University; ** Valles Caldera National Park; ***Facilitation/ Coordination

Table 3. Respondent organizational affiliations.
Organizational Affiliation

4FRI

Zuni

Jemez

Uncompahgre

Front Range

Totals

Federal Government

7

1

13

-

5

26

State Government

1

-

-

-

-

1

University

2

1

2

4

-

9

Non-profit

5

2

2

5

4

18

Private

-

1

-

-

-

1

Other (please specify)

2*

-

-

-

2*

4

Total Respondents

17

5

17

9

11

59

*Consultant/ facilitator
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Table 4. Respondent professional roles.
Professional Role

4FRI

Zuni

Jemez

Uncompahgre

Front Range

Totals

Scientist/ Researcher

6

-

4

3

4

17

Facilitation/ Coordination

2

-

1

1

3

7

Management Support/ Planning

5

-

2

-

3

10

Line Office/ Decision-Maker

-

1

3

-

-

4

Implementation/ Silviculture

1

2

2

-

-

5

Resource Specialist

1

-

4

-

1

6

Industry

-

1

-

-

-

1

Citizen Stakeholder

2

-

-

3

-

5

Student

-

1

-

1

-

2

Other

-

-

1*

1*

-

2

17

5

17

9

11

59

Total Respondents

*Education/ outreach
Results
The results presented here are organized according to the four categories of
research questions: science sources, use, perceptions, and obstacles.

Science Sources
The quality and quantity of scientific information varies among projects. For
example, 4FRI has access to substantial local research. 100% of 4FRI respondents
indicated that university-based organizations like ERI and the Forest Service provide
scientific expertise. Other state and federal agencies (89%), local scientists and experts
(78%), and science-based non-profits (78%) are also major providers. When new
scientific information is needed, 78% of respondents said the relevant researchers are
consulted, while 44% said the Forest Service or publications are consulted. 100% of
respondents noted that science is typically communicated in informal meetings, while
working papers (78%), as well as formal presentations, professional reports, peer-
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reviewed articles, and fact sheets (67%), are also common. Respondents most prefer to
receive science in peer-reviewed articles or informal meetings.
The amount of local scientific information is more limited on Zuni. The Forest
Service and local non-profits (100%), primarily the Forest Guild, and university-based
organizations (75%) are the primary science providers. When new information is needed,
75% percent of respondents said the Forest Service or the collaborative is consulted,
while 50% said questions are addressed through monitoring, or publications are
consulted. Informal meetings, professional reports (100%), and formal presentations
(75%) are the most common science communication formats. Zuni respondents most
prefer peer-reviewed articles for receiving scientific information.
Southwest Jemez is notable for its monitoring emphasis at VCNP. The VCNP is
the primary science provider (92%), though local scientists and experts (83%),
university-based organizations (75%), the Forest Service, and science-based non-profits
(67%) were also cited. When new scientific information is needed, 75% of respondents
said the relevant researchers are consulted, while 58% said publications are consulted or
the question is addressed through monitoring. Informal meetings and formal
presentations (83%) are the most common forms of science dissemination. Once again,
the most preferred way to receive science is in peer-reviewed articles.
The primary science providers on Uncompahgre are university-based
organizations (100%) such as CFRI. The Forest Service and local scientists and experts
(88%) are also major providers. When new scientific information is needed, 100% of
respondents said the relevant scientists are consulted, and 75% said the question is
addressed through monitoring. Formal presentations (100%) and informal (88%)
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meetings are the most common way science is shared. Uncompahgre respondents prefer
to receive scientific information in informal meetings.
100% of Front Range respondents cited numerous science providers, including
university-based organizations, other federal agencies, local scientists and experts, state
agencies, and science-based non-profits. 83% also cited the Forest Service and Forest
Service Research branch. When new scientific information is needed, all respondents said
the relevant researchers are consulted, the question is addressed through monitoring, or
the collaborative is consulted. Scientific information is most commonly disseminated in
formal presentations, informal meetings, professional reports, working papers (100%),
and peer-reviewed articles (83%). Respondents most prefer to receive scientific
information in peer-reviewed articles.
Across projects, university-based organizations and the Forest Service most
frequently provide scientific information (Figure 1). The most common ways to address
new questions are to consult researchers or conduct monitoring. Formal and informal
meetings are commonly used to communicate science (Figure 2). Notably, respondents
prefer to receive scientific information in peer-reviewed papers (Table 5).
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100%
80%
60%
40%

44%

54%

64% 69%

77%

85%

92% 97%

23%

20%
0%

Figure 1. Sources of scientific information across projects according to survey results.

87%

100%
80%
60%
40%

28%

41%

54%

62%

95%

67%

20%
0%

Figure 2. Science communication formats used across projects according to survey results. Note the
distinct separation of oral (informal meetings and formal presentations) from written (all other)
formats. Oral science communication is most prevalent in the CFLRP.
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Table 5. Means from preference rank of science communication formats according to survey results.
Respondents were asked to rank preferred formats for receiving scientific information from 1 (most
preferred) to 7 (least preferred). Lower means in darker red colors indicate higher preference, and
higher means in darker blue colors indicate lower preference.
How Do You Prefer to Receive
Scientific Information?

Totals

4FRI

Zuni

Jemez

Uncompahgre

Front
Range

Peer-reviewed articles

2.41

2.44

2.50

2.17

3.38

1.50

Informal meetings

3.41

2.78

3.00

4.33

3.13

3.17

Professional reports

3.49

3.89

2.75

3.17

4.00

3.33

Formal presentations

4.00

4.78

5.50

3.50

3.75

3.17

Working papers

4.26

3.89

3.25

4.92

4.25

4.17

Fact sheets

4.87

4.89

5.00

4.42

4.38

6.33

Webinars

5.56

5.33

6.00

5.50

5.13

6.33

Science Use
Across projects, science is largely used to educate collaborative stakeholders
(92%), the Forest Service (86%), and the general public (82%). It is also used to inform
project planning (89%) and set project goals (66%) for both collaboratives and the Forest
Service. Science is also used in the design and implementation of monitoring plans. For
example, Front Range emphasizes rigorous, experimental design in their monitoring plan
and adaptive management framework. Southwest Jemez also has an extensive monitoring
program on the VCNP.
The most common types of science used across projects include forest ecology
(97%) and ecological restoration science (95%) (Figure 3). Silvicultural science was cited
by 71% of respondents, although it ranged from the most frequently cited on Front Range
to being cited by only 42% of Southwest Jemez respondents. Economic (68%) and social
(66%) sciences are also common across projects, though their relative importance varied
significantly. For example, 89% of 4FRI respondents cited economic science, whereas
only 25% of Zuni respondents did. Uncompahgre respondents emphasized the economic
and social sciences (86%), possibly due to the extensive socio-economic monitoring
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being done by CFRI. Climate science (63%) was less common across projects, though
83% of Southwest Jemez respondents said it was frequently used, which may be due to
the heavy climate emphasis of research in the Jemez Mountains.

95%

100%
80%

63%

63%

66%

68%

97%

71%

60%
40%
20%

18%

26%

0%

Figure 3. Scientific disciplines used across projects according to survey results.

Role of Science
Survey respondents were asked to indicate their level of agreement with
statements derived from the interview analysis about the role of science in their CFLR
project (Table 6). 4FRI respondents emphasized that science is one of many values and
perspectives, but that it is also foundational. Zuni respondents had a similar perspective,
emphasizing that science is one of many values and perspectives, though they were less
confident that science is foundational. Southwest Jemez respondents emphasized that
science is used to inform the NEPA process. They also noted that science is a baseline for
management guidelines and regulations and that incorporating science in decisionmaking is a clear objective. Uncompahgre and Front Range respondents also felt strongly
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that incorporating science in decision-making is a clear objective. Across projects,
respondents emphasized that science is one of many values and perspectives, that it is
used to inform NEPA, and that incorporating science in decision-making is a clear
objective.
Table 6. Means for level of agreement about the role of science according to survey results.
Respondents were asked to indicate their level of agreement from strongly agree (1) to strongly
disagree (5), including a neutral response (3), with each statement derived from interview analysis.
Lower means in darker red colors indicate higher agreement, and higher means in darker blue
colors indicate lower agreement.
Level of Agreement With Role of
Science
Science is one of many values and
perspectives
Science is used to inform the NEPA
process
Incorporating science in decisionmaking is a clear objective in my
CFLR Project
Projects are designed using the best
available science
Science is a baseline for management
guidelines and regulations

Totals

4FRI

Zuni

Jemez

Uncompahgre

Front
Range

1.65

1.44

1.50

1.83

1.83

1.50

1.74

1.89

1.75

1.75

1.71

1.50

1.76

1.89

2.25

2.00

1.29

1.33

1.95

1.89

2.00

2.08

2.00

1.67

2.00

2.11

2.00

2.00

2.00

1.83

Science is foundational

2.00

1.67

2.00

2.33

2.00

1.83

Science drives the project forward
Science is not as critical as socioeconomic concerns
Science is not as critical as political
concerns
Science is something to be
acknowledged but not always
incorporated

2.39

2.67

2.25

2.50

2.29

2.00

3.42

3.44

2.75

3.42

3.29

4.00

3.47

3.22

3.75

3.42

3.57

3.67

3.68

4.22

2.75

3.58

3.57

3.83

Science Obstacles
Numerous obstacles to using science were identified in the first phase, and the
survey sought to determine which were the most significant within and among projects.
Once again, respondents were asked to indicate their agreement with statements about
science obstacles (Table 7). Across projects, the most common response was that there
are conflicting socio-economic or political viewpoints that inhibit the use of science.
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4FRI, Zuni, and Southwest Jemez all cited this as the most significant obstacle. On 4FRI,
respondents also noted that science is manipulated to advance personal agendas. 4FRI
and Southwest Jemez were also concerned about weak scientist-manager relationships.
There were also concerns about poor science communication. This was the second most
significant obstacle on 4FRI and Southwest Jemez and the third most common obstacle
across projects. Meanwhile, Front Range respondents were most concerned about a lack
of relevant scientific information and scientific disagreement.
Procedural issues like NEPA and the connections between implementation and
science also presented obstacles. For example, on Uncompahgre, the most significant
obstacles were that decisions are NEPA driven, not science driven and that NEPA
approved projects take priority over scientific recommendations. Meanwhile, across
projects, respondents felt that science is disconnected from implementation or treatment
realities and that both collaborative groups and the Forest Service do not understand how
to operationalize the science. Some respondents were also concerned that science is not
used to its full potential as forest management regulations prevent implementing the
science. Generally, there was little concern that collaborative groups or the Forest Service
do not accept or are not up-to-date with the latest science.
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Table 7. Means for level of agreement about science obstacles according to survey results.
Respondents were asked to indicate their level of agreement using the same scale as Table 6. The
same color scheme as Table 6 is also used.
Level of Agreement on Obstacles to
Science Use
There are conflicting socio-economic
or political viewpoints that inhibit the
use of science
NEPA approved projects take priority
over scientific recommendations
The science is not effectively
communicated
Decisions are NEPA driven, not
science driven
There are conflicting scientific
viewpoints/ scientific disagreement
The science is disconnected with
implementation or treatment realities
The collaborative does not
understand how to operationalize the
science
The Forest Service does not
understand how to operationalize the
science
Forest management regulations
prevent implementing the science
There are weak scientist-manager
relationships
Relevant scientific information is
lacking
Science is viewed as less important
than socio-economic or political
concerns
Science is manipulated to advance
personal agendas
There are weak scientistcollaborative relationships
The collaborative does not accept the
scientific information
The collaborative does not
understand the scientific information
The Forest Service is not up-to-date
with the relevant science
The collaborative is not up-to-date
with the relevant science
The Forest Service does not accept
the scientific information
The Forest Service does not
understand the scientific information
The use of science in decisionmaking is not an explicit
collaborative objective
Scientific information is too
uncertain/ not credible

Totals

4FRI

Zuni

Jemez

Uncompahgre

Front
Range

2.79

1.89

2.50

2.58

3.71

3.67

2.89

2.67

3.33

3.08

3.17

2.33

3.03

2.33

3.67

3.08

3.43

3.17

3.05

2.78

3.67

3.17

3.14

2.83

3.08

2.78

3.50

3.17

3.71

2.33

3.18

2.67

2.75

3.58

3.57

3.00

3.24

3.11

2.67

3.17

3.71

3.33

3.24

3.11

3.67

3.25

3.57

2.83

3.41

3.11

4.33

3.58

3.57

2.83

3.44

2.63

3.67

3.08

4.00

4.50

3.51

4.00

4.00

3.83

3.29

2.17

3.57

3.11

3.67

3.33

3.71

4.50

3.62

2.44

4.00

3.58

4.14

4.67

3.70

3.33

3.67

3.17

4.14

4.83

3.76

3.00

4.33

3.50

4.43

4.33

3.76

3.33

3.67

3.67

4.29

4.00

3.86

3.44

4.00

3.75

4.29

4.17

3.92

3.56

3.67

3.83

4.43

4.17

3.92

3.78

4.33

3.58

4.14

4.33

3.97

4.00

4.67

3.58

4.14

4.17

4.03

3.89

3.33

3.75

4.57

4.50

4.08

4.22

4.67

4.00

4.00

3.83
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Discussion
Science is a valuable form of information in the CFLRP, though it must be
balanced with social values, statutory requirements, and procedural matters. These
findings illustrate that science is at the forefront of CFLRP thinking. However, the ways
in which it is applied and the role that it plays varies among projects and what constitutes
the best available science is unique in each case. This variability is important because
each project and restoration effort is inherently shaped by the place in which it occurs
(Higgs 1997). At the same time, this can be problematic when scientific information is
lacking, uncertain, or not effectively balanced with other decision-making considerations.
One of the most notable factors about the use of science in the CFLRP is that the
main decision-making agency, the Forest Service, is also one of the primary scientific
information providers. Collaborative stakeholder groups bring additional science through
university-based organizations, other federal agencies, independent scientists, sciencebased non-profits, the Forest Service Research branch, and private consultants. However,
it is unclear what versions of the science end up being used. The Forest Service has
tended to approach restoration from a more silvicultural perspective, which tends to be in
conflict with an ecological restoration perspective (DellaSala et al. 2003). This tension is
most prevalent in the NEPA process, where scientific information becomes codified.
Nonetheless, the diversity of perspectives that the collaborative brings to the CFLRP help
to increase the amount of scientific information that is available to contribute to both
collaborative and Forest Service decision-making.
Notably, when new scientific information is needed, the majority of respondents
indicated that university or independent researchers are consulted. While numerous
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respondents also indicated that scientific questions are addressed through monitoring or
that the Forest Service is consulted, the emphasis was on university or independent
research. This may indicate some discomfort with the Forest Service being one of the
primary scientific information providers, as well as the main decision-making entity. This
demonstrates that a diversity of scientific perspectives are valued and desired within the
CFLRP.
Scientific information across projects is primarily communicated orally in-person.
Peer-reviewed papers were cited less frequently, though the majority of respondents
indicated a preference for that format. This desire for published literature may suggest
that a certain level of legitimacy is necessary in order to balance science with other
decision-making factors (Cash et al. 2003). Indeed, in projects like Front Range that have
had to deal with a lack of appropriate scientific information (Dickinson et al. 2014), the
desire for peer-reviewed research is a likely reaction to the lack of context-specific
science. Meanwhile, on 4FRI, peer-reviewed articles have been published to address
disagreements related to diameter caps (Egan et al. 2015, Sánchez Meador et al. 2015).
Science in the CFLRP is largely used for educational purposes, in addition to
project planning, though there was some sense that this was largely to support decisions
that had already been made. Science is also used to set project goals, but it is combined
with other social values and decision-making factors in both goal setting and planning.
Monitoring is perhaps the most prevalent use of science, or scientific practices, within the
CFLRP, especially as projects move from planning to implementation. However, the
CFLRP does not fund research, and although monitoring is distinctly a scientific
endeavor, it must be distinguished from research within this context. Nonetheless, while
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scientific information is indeed used in the CFLRP, its exact role is somewhat ambiguous
and variable across projects.
Although the types of science used vary from project to project, the emphasis was
on the physical sciences. The landscape-scale focus warrants disciplines like restoration,
forest, and fire ecology, which are also used to understand forest ecosystem dynamics at
smaller scales. Silviculture, which can be considered a science and a practice, also plays a
major role, especially as the CFLRP has increased the complexity of restoration
treatments on the ground (Underhill et al. 2014). Experimental design and similar
scientific principles are also being emphasized, especially in monitoring and adaptive
management (Larson et al. 2013). Meanwhile, the social sciences were largely
overlooked, except for economic sciences and socio-economic monitoring. Climate
science was also not a major factor. There was some sense that addressing climate change
was beyond the scope of the CFLRP but hope restoration work would at least provide a
starting point for dealing with climate change.
Science is viewed as one of many values and perspectives in the CFLRP.
However, tensions arise when these other values and perspectives hinder the use of
science. The 4FRI example is again relevant here, as they have had to deal with concerns
about diameter caps, which are not entirely supported by the science but are important to
some stakeholders (Egan et al. 2015, Sánchez Meador et al. 2015). But as social values
are critical in collaborative forest restoration, projects must work to find a compromise
between science and other values and perspectives. Indeed, the general perspective across
projects was that incorporating science is an important objective and that science is not
any more or less important than other social, economic, or political concerns. Science is
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also viewed as an important element of the NEPA process, which is not surprising given
the mandate to use the best available science. However, this does demonstrate that NEPA
also imposes limitations on the use of science, as it provides side boards for management
action that restrict the degree to which scientific information can be incorporated in
restoration actions.
There are a number of obstacles to science use, the most significant being social
or political viewpoints that hinder the use of science. This is notable given the perception
that science is one of many values and perspectives. Management guidelines and
regulations, including NEPA, also present barriers to science use. Some respondents
expressed concern that scientific information is simply used to show that decisions are on
a trajectory towards restoration that cannot be reached within current management
regulations and guidelines. Science is incorporated to the extent that it doesn’t conflict
with NEPA or Forest Plans, but there isn’t much room for flexibility, even when there is
strong scientific consensus, beyond the limits set by those policies. There are also many
operationalization obstacles and a general concern that scientific information can be
difficult to connect with implementation procedures on the ground. Many collaborative
respondents also expressed concern that they were too removed from Forest Service
decision-making about implementation, while some Forest Service respondents expressed
frustration with stakeholders’ poor understanding of implementation realities.

Conclusion
Although CFLR projects are explicitly required to use the “best available
scientific information” and are encouraged to undertake “collaborative, science-based
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restoration”, the role of science varies widely within and among projects. These findings
show that how and in what ways scientific information is integrated is affected by a range
of procedural, personal, and social issues. Science is one of many values and perspectives
that are brought to bear in the CFLRP and each group must decide how to balance
science with other decision-making considerations. There are no formulas or common
standards for using scientific information within collaborative groups or the Forest
Service, but because the scientific information needed to inform a given project is
inherently scale and context-specific, this is not surprising. Projects must work to identify
the scientific information that is most relevant and useful in each case. This is positive, as
it allows for flexibility and context-appropriate scientific information to be brought to
bear on decision-making, but it can be negative if only limited sources of scientific
information are used. The CFLRP serves as a unique opportunity to determine how to
better connect science with decision-making in collaborative forest restoration, and future
work needs to be done to develop a more consistent infrastructure or rubric for
incorporating scientific information in a transparent and robust manner. Additionally, it is
unclear how scientific information actually influences decision-making and how different
factors of the CFLRP such as planning, implementation, and monitoring affect this
process. Future work should seek to understand how science influences decision-making
within the different phases of the CFLRP and determine what factors encourage or hinder
the use of science.
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Abstract: Decision-makers, scientists, and citizens have, in recent decades, been calling
for more accessible science to inform natural resource management. In response, efforts
have been made to better connect science and decision-making. There is, however, little
empirical evidence about how science is used in decision-making and what specific
factors affect this process. Using the USDA Forest Service’s Collaborative Forest
Landscape Restoration Program (CFLRP) as a case study, evidence about the use of
science in decision-making is provided. Data for this study were collected from
interviews and a survey questionnaire with five CFLRP’s in Arizona, Colorado, and New
Mexico. Results show that science informs decision-making in four key phases of the
CFLRP and identifies specific factors within each of those phases that mediate its use.
Furthermore, the CFLRP presents a new model of science production and use, as well as
opportunities for future collaborative research to guide forest management practices.

Keywords: forest restoration, science studies, decision-making, collaboration,
monitoring, adaptive management, Western forests
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Introduction
According to the USDA Forest Service (2012), between 65-82 million acres of
National Forest System (NFS) lands are in need of restoration. Ecological restoration can
address declining forest and watershed health caused by climate change, wildfire,
drought, invasive species, and unsustainable land use practices (Allen et al. 2002,
Ellenwood et al. 2012). Decision-making about restoration is a complex process that
involves numerous considerations, including scientific information, social, political, and
cultural values, economic needs, and statutory requirements (Egan 2012). Scientific
information is critical for informing restoration given these challenges, but it must be
relevant and usable, as well as balanced with other decision-making considerations, in
order to be effective (Cash et al. 2003, Higgs 1997).
Within this context, collaborative efforts that involve diverse perspectives have
become increasingly common. In 2009, the Collaborative Forest Landscape Restoration
Program (CFLRP) was established under Title IV of the Omnibus Public Land
Management Act and calls for “collaborative, science-based restoration on priority forest
landscapes across the U.S.” (Public Law 111-11). The CFLRP is an innovative approach
to funding restoration and a policy experiment designed to test restoration approaches and
landscape-scale, science-based collaboration in public lands management (Schultz et al.
2012). The program has ambitious objectives, central among them a focus on using the
best available science to inform restoration. However, it is unclear what role science
really plays in the CFLRP.
To that end, this paper addresses the following question: how does science inform
decision-making in the CFLRP and what specific factors affect this process? The
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objective is to better understand the role of science and how it works through
collaboration to inform decision-making about forest restoration. By examining the
perceptions of CFLRP participants with respect to the role of science and providing
empirical evidence, this study can help to inform our understanding of how to effectively
align science with other decision-making considerations in the CFLRP and collaborative
forest restoration more broadly. First, the relevant literature on collaborative natural
resource management and science studies is reviewed. Using results from interviews and
a survey questionnaire, the connections between science and decision-making are
discussed in four key project phases. Finally, the CFLRP is examined within the context
of use-inspired science models.

Science in Collaborative Public Lands Management
Environmental decision-making is characterized by complexity due to scientific
uncertainties, diverse participants and value sets, varying scales of concern, and the
dynamic and consequential nature of the outcomes. Collaborative approaches to natural
resource management, whereby individuals and organizations with different interests
work together towards a common goal, are increasingly being advocated to address this
challenge (O’Leary and Bingham 2009, Wondolleck and Yaffee 2000). However, there
are many methods for structuring collaboration, lack of consensus as to what constitutes a
“good” method, multiple evaluative frameworks, and numerous barriers (Conley and
Moote 2003, Lachapelle et al. 2003, Leach 2011). Collaboration in natural resource
management is inherently context-specific with approaches and outcomes varying
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accordingly (Egan et al. 2011). Nonetheless, there is evidence that it can lead to greater
satisfaction with decision-making processes and outcomes (Beierle 2002, Reed 2008).
Conducting forest restoration at large scales, as is called for in the CFLRP, is
nearly impossible without collaboration. Collaborative forest restoration “is a process
through which multiple stakeholders jointly explore diverse values and interests and
attempt to come to some level of agreement about appropriate land management” with
the goal being development of restoration approaches that are “scientifically credible and
socially acceptable” (Selig 2012). It has been shown to enable greater social learning and
co-production of knowledge (Cheng and Sturtevant 2012), increased potential for
monitoring (Schultz et al. 2014), more effective knowledge communication and
translation (Cheng et al. 2015), and a higher level of involvement with agency personnel
and opportunities to influence agency decision-making (Butler 2013). However, one of
the challenges of collaborative forest restoration is balancing scientific and social
perspectives, and while restoration practice is heavily based in science, the outcomes
often integrate a range of different stakeholder perspectives (Egan 2012).
The CFLRP and National Environmental Policy Act (NEPA), which dictates how
restoration can occur on public lands, also require use of the “best available science”.
However, applying scientific information in restoration and environmental planning more
broadly can be limited by poor scientific communication (Dabelko 2005), lack of
understanding of decision-making contexts (Jacobs et al. 2005), inadequate
characterization of environmental issues (Lynch et al. 2008), institutional factors that
hinder use of science (Rice et al. 2009), challenges dealing with uncertainty (White et al.
2008), and limited stakeholder engagement (Jönsson and Swartling 2014). Decision-
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makers demand credible, salient, and legitimate information, and scientists may not
always produce this kind of information (Cash et al. 2003). At the same time, decisionmakers may not always be transparent in their use of science or seek out the most
relevant information (Janse 2008). These issues lie within the realms of science and
decision-making, both of which have positive and negative attributes that affect this
process.
The ways in which scientific information is developed can affect its utility for
decision-making (Dilling and Lemos 2011, McNie 2007). As such, there are numerous
models of science production and use. On the one end is basic science, which is meant to
advance knowledge for the sake of knowledge (Stokes 1997, 6-7). This has been called
the loading dock approach, whereby science is dropped off at the loading dock of society
without input in its development (Cash et al. 2006). However, most current research does
have application beyond basic knowledge production (Sarewitz and Pielke 2007). Useinspired science, which is focused on the end use, is increasingly common (National
Research Council 2007). There are numerous models of use-inspired science that address
the aforementioned limitations and encourage co-production of knowledge (Jasanoff
2004, Lemos and Morehouse 2005). Boundary organizations that foster relationships and
interaction between science and decision-making spheres, translate information, and
provide mediating functions are also increasingly common (Cash et al. 2003, Guston
2001, White et al. 2008). These approaches focus on iterative feedback between science
and society, research that is more attuned to societal needs, and assistance with complex
decision-making, and many of them have been successful in better connecting research
and practice (Ferguson et al. 2014, Lyons et al. 2014).
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The Collaborative Forest Landscape Restoration Program
Collaborative forest restoration projects like the CFLRP represent an important
arena in which many of the issues associated with connecting environmental science and
decision-making play out. Programs like the CFLRP dictate that diverse stakeholders
with varying levels of expertise, perspectives, and objectives work together in a
collaborative manner to produce socially and scientifically acceptable outcomes (Selig
2012). This challenges scientists to bring their insights to the collaborative table in a
meaningful way, and it challenges decision-makers to balance numerous and sometimes
competing perspectives and sources of information. Science appears to be foundational to
the CFLRP based on the language of the Omnibus Public Lands Act and anecdotal
evidence on the ground, but it is unclear how science really informs the decision-making
process, presenting an area ripe for investigation.
There are twenty-three CFLR projects, which range from 210,000 to 2.4 million
acres. Projects are completed over a ten-year period primarily on National Forest System
(NFS) lands administered by the Forest Service. The stated program goals are to
encourage ecological, economic, and social sustainability, leverage local resources,
reduce wildfire management costs and the risk of uncharacteristic wildfire, re-establish
natural fire regimes, demonstrate how restoration achieves ecological and watershed
objectives, utilize restoration byproducts, and benefit local economies (Public Law 11111). In addition to incorporating “the best available science and scientific application
tools”, projects must be implemented collaboratively and assess effects through multiparty monitoring.
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The CFLRP evolved from the New Mexico Community Forest Restoration
Program (CFRP), which was introduced in 2000 by Senator Bingaman (D-NM), who also
introduced the CFLRP. It is indicative of broader paradigm shifts in forest management,
and many groups have long advocated for similar models (Schultz et al. 2012). The
program’s goals resemble those of ecosystem management, which shifted the emphasis
from commodity-based forestry to an emphasis on ecological health and processes,
stakeholder collaboration, interagency cooperation, monitoring and adaptive
management, and integration of ecological, economic, and social goals (Grumbine 1994,
Koontz and Bodine 2008). It also signals the successes of collaborative natural resource
management, which may improve decision-making through greater stakeholder
involvement (Wondolleck and Yaffee 2000). Lastly, it builds on policies designed to
address wildfires by emphasizing preventative measures over suppression (Stephens and
Ruth 2005).
CFLRP’s consist of a collaborative stakeholder group made up of interested
organizations, scientists, and the public who work with the Forest Service to develop
agreements about restoration, which are reflected in documents from Environmental
Impact Statements (EIS) to monitoring plans. Each project structures collaboration
differently, with some groups taking a formal, mediated approach and others operating in
a more loose-knit fashion. The scientific information available in each area varies
significantly. Each project has unique geographic, ecological, and social characteristics
that shape the development of meaning about restoration (Higgs 1997). At the same time,
all projects are related by the broader legislation, the directing agency, and the common
goal of forest restoration (Schultz et al. 2014).
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Case Study Sites
I assessed five CFLR projects in the Western U.S. (Table 1). The Four Forest
Restoration Initiative (4FRI) encompasses the largest contiguous ponderosa pine forest in
the world. 4FRI recently completed an EIS for the western side of the project area that
approves restoration on 580,000 acres, making it one of the largest NEPA-approved
projects ever. The region has seen a lot of scientific research, contributing to a robust
understanding of forest ecology and restoration objectives. Meanwhile, the Zuni CFLRP
is a smaller project in a largely rural area. Zuni has its origins in the New Mexico CFRP,
which supported initial work on the landscape. Although the mountains did not
historically draw a lot of scientific research, the CFLRP has increased interest. The
Southwest Jemez CFLRP includes the Valles Caldera National Park (VCNP), formerly
Preserve, in addition to the National Forest. The area experienced two major wildfires,
including the 2002 Cerro Grande Fire and the 2011 Las Conchas Fire, which drove the
need for restoration. Research at VCNP and nearby Bandelier National Monument has
provided detailed data inventories and information for use in the CFLRP. The
Uncompahgre CLFPR includes a range of ecosystem types from sagebrush steppe to high
elevation spruce fir. The landscape is a priority for restoration as it includes major river
drainages and energy transmission corridors. Local collaborative efforts have been in
place since the early 1990’s, and university and citizen scientists have contributed to
detailed knowledge about the landscape. The Front Range CFLRP includes a major
wildland urban interface from Colorado Springs to Ft. Collins. The 2002 Hayman Fire
spurred the creation of the Front Range Roundtable, the governing body of the CFLRP.
Front Range has struggled with scientific uncertainty about restoration on the landscape,
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which Landscape Restoration Team (LRT) has been working to address (Dickinson et al.
2014). While each of these cases has unique issues, there are also similarities across
projects that can be gleaned. The rest of this paper examines how science is applied in
this subset of the CFLRP in order to determine what factors affect its use in decisionmaking within and among projects.

Table 1. CFLRP study sites, location, size, jurisdiction, primary vegetation cover, and funding year.
Project

Location

Acres

USFS
Region
Region 3

National Forests

Four Forest
Restoration
Initiative
Zuni Mountain
CFLRP

Northern
Arizona

2.4
million

West
Central New
Mexico

210,000

Region 3

Southwest
Jemez
Mountains
CFLRP

North
Central New
Mexico

210,000

Region 3

Santa Fe & Valles
Caldera National
Park

Uncompahgre
Plateau
Collaborative
Restoration
Project
Colorado Front
Range CFLRP

Western
Colorado

1-million

Region 2

Grand Mesa,
Uncompahgre,
Gunnison

Central
Colorado

1.5
million

Region 2

ArapahoRoosevelt, PikeSan Isabel

Coconino, Kaibab,
Apache-Sitgreaves,
Tonto
Cibola

Cover
Types
Ponderosa
pine

Funding
Year
2010

Pinyonjuniper
and
ponderosa
pine
Pinyonjuniper,
ponderosa
pine, and
conifer
Sagebrush
to sprucefir

2012

Ponderosa
pine and
Douglasfir

2010

2010

2010

Methods
This study employed qualitative cross-case analysis to evaluate unique issues
within projects, as well as similarities and patterns across projects (Miles and Huberman
1994). Research was collected in two phases, and four primary data sources were used:
interviews (n=20), surveys (n=39), participant observation at four CFLRP events, and
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review of relevant CFLRP documents. This project was conducted in accordance with the
Institutional Review Board at the University of Arizona and all responses are anonymous.
The first phase of research consisted of semi-structured interviews to get a broad
understanding of the process and identify relevant factors for individuals and projects
(Dunn 2008). Interviews took place in-person and over the phone from August 2013 to
January 2014. A snowball sampling approach was used to identify interviewees using the
primary contacts listed for each project (Singleton and Straits 2010). Interviews were
transcribed and approved before being imported to NVivo for Mac version 10.2.1 for
coding. An open coding approach, which is based in grounded theory and allows for
iterative, systematic review of the data, was used (Strauss and Corbin 1990). Data
collection, analysis, and synthesis are simultaneous and results build on prior information
to allow major themes to emerge over time (Strauss and Corbin 1990). Three rounds of
coding were employed to identify initial codes and refine those into broader themes and
patterns (Boeije 2002). Detailed analytic logs and memos were maintained during each
iterative review (Dunn 2008). Participant observation at a CFLRP monitoring meeting,
sub-team meeting, stakeholder meeting, and workshop was also conducted (Kearns
2008).
Major factors that mediate the use of science for decision-making were identified
in the first phase. In order to validate those factors, identify the most significant factors
within and among projects, and gather additional data, the second phase consisted of a
written survey (McGuirk and O’Neill 2008). The questions included multiple choice
single answer, multiple choice multiple answer, Likert scale matrix tables, and rank
order. The survey was pretested by one interviewee and administered online using
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Qualtrics Research Suite in October 2014. The interviewees from the first phase were
asked to take and distribute the survey within their project. However, it is impossible to
calculate a response rate, as it is not known how many people received the request. Of the
thirty-nine people who began the survey, thirty-five completed it, for a completion rate of
90%. Responses from single and multiple choice questions were tallied and means were
generated for Likert scale and rank order questions. Next, major themes from both phases
were organized into cross-case comparison matrices, which include columns for projects
and rows for themes (Miles and Huberman 1994). Specific cells provide information
about a given theme on each project, allowing for systematic comparison across projects.
This too was an iterative process using grounded theory that involved constant updating
and refinement throughout analysis and writing (Strauss and Corbin 1990).

Results
These results demonstrate that science informs decision-making in the CFLRP in
four key phases: proposal, planning, implementation, and monitoring and adaptive
management. Within each phase, specific factors mediate the role of science.

Proposal Phase
Science was used initially in the proposals to describe project needs and provide
context. Proposals were co-written by the Forest Service and stakeholders and required to
discuss context, proposed treatment, landscape strategy, collaboration, monitoring,
utilization, and economics. Each project took a different scientific approach in this phase.
Scientific information was primarily referenced in the proposed treatment, context, and
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landscape strategy sections. The proposed treatment sections were broad overviews of
each project’s strategy and expected outcomes, and most proposals used scientific
references sparingly. The context sections were used to describe current conditions and
history to make the case for restoration. The landscape strategies, which were overviews
of the treatments across the landscape over the funding period, were the most
scientifically comprehensive.
Some of the proposals were more formal in their use of scientific information. For
example, 4FRI and Zuni included a rigorous, detailed description of the need for
restoration with extensive scientific references. Meanwhile, others were written more for
a lay audience. The Southwest Jemez, Uncompahgre, and Front Range proposal made
reference to scientific information but in a less formal manner. Proposals were evaluated
on a range of factors, including the specific criteria listed in the Omnibus Public Lands
Act, the history and role of collaboration, potential economic benefit, and incorporation
of the best available science. However, a common, standardized rubric for evaluating
proposals was lacking (Antuma et al. 2014). Indeed, it is unclear to what extent proposals
were evaluated on the basis of incorporating science, as each relied on scientific
information in different ways.

Planning Phase
This phase involves the planning that occurs within collaboratives, the Forest
Service, and between the two entities. Planning is a major phase of the CFLRP that can
go on for years as groups work to define common goals and reach agreements. Contextspecific research, resource inventories, and local data are used during planning to
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determine restoration objectives, define desired future conditions, and develop NEPA
documents.

Collaborative Planning
The planning within collaborative groups is the venue in which diverse interests
come together to define a common goal and approach to restoration. The stakeholders at
the table, their motivations for participating, their relationships, and the collaborative
structure mediate the ways in which science intervenes in this phase. This research
demonstrates that it is critical to have scientists participating. Respondents emphasized
the stabilizing effect they provide in contentious groups and the value of their knowledge
for informing action. However, scientist participation varies among groups. For example,
the Front Range LRT has heavy scientist involvement, while Zuni felt they could benefit
from more.
Stakeholder motivations for participating and relationships among stakeholders also
affect how science influences planning. The majority of respondents emphasized that
incorporating science should be a collaborative objective. One respondent argued that the
whole collaborative should to be “committed to [science] as an objective” to inform
planning. A common goal, shared ownership of goals, and setting aside of personal or
political agendas were also cited as helpful for integrating science. Relationships among
stakeholders also affect this process. For the most part, respondents felt that long-term
relationships were beneficial. On the one hand, Uncompahgre respondents described a
collegial collaborative atmosphere for balancing perspectives and finding agreeable
solutions. On the other hand, 4FRI has struggled with disagreement, and there was some
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sense that scientist participation had suffered as a result. Indeed, the majority of
respondents emphasized that it is critical to have trust and respect in collaborative
relationships in order for any perspective to be incorporated in decision-making.
The collaborative structure also mediates the use of science. These cases ranged
from relatively informal to highly structured. Respondents emphasized that an organized
collaborative process and strong collaborative leader are important. At the same time,
there was concern on 4FRI that too much emphasis was placed on procedural issues, and
on Southwest Jemez that the informal structure had limited interaction. Meanwhile,
respondents were generally satisfied with the organized but less formal approaches taken
by Zuni, Front Range, and Uncompahgre.

Forest Service Planning
NEPA requirements structure planning within the Forest Service and have been
well documented (Brewer 2012). NEPA requires use of the “best available science”, but
what this constitutes is not always clear. Therefore, transparency was identified as the
main factor that affects the use of science in Forest Service planning. Transparency
ensures that stakeholders know what science was used, how it was integrated, and how it
influenced decision-making. For example, on 4FRI and Southwest Jemez, there was some
concern that the Forest Service’s scientific perspective was developed in a “black box”
approach and represented a limited version of the science. Meanwhile, on Front Range,
the Forest Service and LRT worked together to develop scientific documents, and this
higher level of transparency was described positively.
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Another factor that affects the use of science in Forest Service planning is forest
management regulations. One Forest Service respondent noted that NEPA and Forest
Plans are the “side boards that we work with”, and while science informs those side
boards, it can only do so to the extent that it doesn’t negate them. One scientist put it this
way:
I see most of our science being used to say, ‘We are trying to put it on a trajectory
towards this’, but of course, they can’t go there with the current regulations.
In order for science to have a greater influence, some projects have developed flexible
NEPA documents to enable incorporation of information like monitoring data. This
flexibility is meant to reduce the need for amendments or new NEPA unless data or
conditions on the ground dictate that level of change.

Collaborative and Forest Service Planning
The primary factors that mediate the role of science in planning between the
collaborative and Forest Service are communication and interaction. Communication is
necessary for developing a common goal and describing desired future conditions, which
are informed by local scientific information and resource inventories. Communication
enables interpretation and adjustment of scientific information so that it can be
incorporated with social values and helps to limit parallel processes. Field trips, which
allow for discussion among participants, were the most effective communication strategy
identified across projects. Respondents also cited the benefits of in-person meetings. For
example, Southwest Jemez helped host a science meeting to address some scientific
disagreement and communicate with the public. Identifying and using a common
language can also improve communication among participants.
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The majority of respondents stated that consistent interaction with the Forest
Service during planning is crucial. In projects where the Forest Service and members of
the collaborative work together frequently, respondents tended to express higher levels of
trust, understanding of Forest Service limitations, and acceptance of decisions than in
projects where interaction was more limited. Interaction also facilitates knowledge
sharing and learning. A number of collaborators noted that they had learned more about
the operational aspects of forest management through interaction with the Forest Service.
Meanwhile, one Forest Service respondent explained:
The Forest Service, left to their own devices, would get in a tunnel, but the
collaborative actually expands that.
The agreements and documents produced during the planning phase codify the
science that is used in decision-making. The Final EIS in the NEPA process tends to
become the “official” stance on science for a given project, and the ways in which that
document was developed have a significant impact on the science it reflects. Indeed, what
occurs during planning dictates how science is translated into formal decisions and guides
implementation.

Implementation Phase
Implementation refers to the actions that are permitted based on agreements
reached in the planning phase. The ways in which science is integrated in implementation
are dictated by the decision-makers themselves, as well as by implementation guidelines
like prescriptions that guide operational decisions.
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Decision-Makers
A decision-maker’s level of authority was the most significant factor that affects
how science is integrated during implementation. The Forest Service is a hierarchical
organization and only certain positions have decision-making power. In the CFLRP,
some projects have involvement from Forest Service line officers who carry decisionmaking authority, which reduces the possibility that information will be lost in
translation. On the other hand, 4FRI has a dedicated Forest Service CFLRP team, but as
they report to the District Office, there was some concern that information was lost in that
process. Most of the Forest Service CFLRP participants are not line officers but do have
some decision-making flexibility. As one explained:
The way I identify decisions is there are Big D’s, big decisions, which the Ranger,
by law, makes. But then there are a lot of little decisions, little d’s, that me or my
staff can make that are interpretations of the Ranger’s Big D decision. We’ve got
some flexibility in how we interpret that and implement it on the ground.
Forest management regulations mediate that flexibility, but it can allow for science to be
more effectively integrated. The knowledge and background of a decision-maker also
affect how science is interpreted and applied. Therefore, respondents emphasized that
scientists should participate in implementation to communicate scientific concepts to
those with the authority to carry them out.

Implementation Guidelines
Scientific information also intervenes in implementation guidelines like silviculture
prescriptions and work plans, which reflect how science will be operationalized and
dictate how the operators in the field should act. Respondents noted that there are varying
conceptions of forest restoration and that implementation guidelines reflect how those
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perspectives align. Indeed, the CFLRP has added complexity to silvicultural practice due
to this wider range of perspectives (Underhill et al. 2014). Prescriptions are guided by the
decisions that occur during planning and represent the codified science, but they do allow
for flexibility, similar to the “little d’s” described earlier. For this reason, many
collaborators wanted more involvement in prescription writing, which is under the
purview of the Forest Service. One solution to this has been development of
implementation plans using collaborative input. For example, 4FRI developed an
Implementation Guide and took field trips so participants could discuss implementation
ideas on the ground and participate in marking exercises. Front Range used a similar
process and collaboratively developed an implementation work plan (Aplet et al. 2014).
These strategies help limit “pie in the sky” ideas from collaborators and help the Forest
Service better understand how to incorporate scientific recommendations. At the same
time, there are many methods for conducting implementation, so monitoring is invaluable
to ensure that what happens on the ground reflects the agreed suite of actions from
previous phases.

Monitoring and Adaptive Management Phase
Multi-party monitoring is a major phase in which science intervenes and is required
in order to “assess the positive or negative ecological, social, and economic effects”
(Public Law 111-11). Monitoring also involves planning but is discussed separately here
due to its unique aspects.

86

Monitoring Plan
Although the content of monitoring plans vary among projects, the majority of
respondents emphasized the need to determine clear, common monitoring objectives and
agree on how and what to monitor. There are three main types of monitoring in natural
resource management: effectiveness, which assesses the extent to which actions reflected
the stated goals; effects or validation, which differentiates between management actions
and natural variability; and implementation, which determines if actions were done
according to plan (Larson et al. 2013). Forest Service respondents tended to focus more
on implementation monitoring, while many collaborators emphasized effects monitoring,
which requires a higher level of scientific rigor that some respondents felt is not justified.
It should be noted that research must be distinguished from monitoring within the
CFLRP, which only funds monitoring and may explain some of the disagreement about
monitoring approaches. One solution to this has been to include experimental treatment
sites that allow for more research opportunities.
Respondents also noted that it is critical to agree on what to monitor and at what
scales. The monitoring emphasis tends to be tree-centric, but some collaborators noted
that understory, wildlife, and socio-economic data are also important. Respondents felt it
is also important to consider the scale at which to monitor, as one of the benefits of the
collaborative is its ability to expand monitoring opportunities. Regardless, the majority of
respondents emphasized that the monitoring plan should be developed collaboratively, be
pragmatic yet enforceable and actionable, and be included in NEPA to help encourage
accountability. The monitoring plan should also describe data reporting and management.
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For example, Southwest Jemez shares results at annual monitoring meetings, and on
Front Range, the LRT serves as an ad hoc monitoring board
The majority of respondents also emphasized the importance of scientist
participation in monitoring. This helps to ensure that monitoring uses experimental
design and scientific principles. At the same time, some respondents were concerned that
an overly technical emphasis can restrict the incorporation of other perspectives and
noted that volunteers are also beneficial. For example, Zuni and Uncompahgre have
utilized citizen scientists, youth groups, and community members in monitoring. This
helps communicate results to the public and justify management actions. Leadership was
identified as another important component of monitoring in order to ensure that
monitoring results are being used to inform future management decisions. Respondents
also expressed a desire for a monitoring coordinator or board that is in charge of
overseeing the process, ensuring accountability, and acting as a champion for monitoring.

Adaptive Management Framework
One of the most important aspects of monitoring is an adaptive management
framework, which allows results and learning to feed back into future management
decisions and implementation. The majority of respondents noted that an adaptive
management framework is critical to ensure that monitoring data informs future decisionmaking. As one respondent explained, inclusion of an adaptive management framework
in the CFLRP “demonstrates some recognition of the scientific opportunity” that the
projects present. Another respondent expressed a willingness to “get as much science as
possible up front…and learn, to a certain extent, by doing”, emphasizing the importance
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of monitoring and adaptive management. There are many challenges to adaptive
management, however, and as most CFLRP’s are in the process of moving from planning
to implementation, it is not yet clear how adaptive management frameworks will be
employed.

Discussion
This study has revealed that scientific information informs decision-making in the
CFLRP in four phases, including proposal, planning, implementation, and monitoring and
adaptive management. Within each of these phases, specific factors mediate how science
is used and its potential affect on decision-making. Each of the CFLR projects reviewed
in this study have taken a different approach to using science, which is determined by the
project context, the scientific information available, the composition and relationships of
collaboratives, the interactions between the Forest Service and collaboratives, decisionmaking authority, and the design and approach to implementation, monitoring, and
adaptive management. The ways in which scientists, collaborators, and the Forest Service
interact can encourage or hinder the use of science, as well as affect how science is
balanced with other social values and perspectives. At the same time, science is
foundational to the CFLRP, and the program has elevated the importance of
incorporating scientific information in forest restoration. Although there is a very clear
distinction between research and monitoring in the CFLRP, there is also a great deal of
potential for new scientific information to be developed from the CFLR process.
As demonstrated in these results, variations in the use of science and its effects on
decision-making among projects are due in large part to the unique nature of each of the
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projects. At the same time, a few major factors are common across cases. First, scientist
participation in collaborative groups and scientist interaction with the Forest Service
improves learning and knowledge production within the collaborative and the Forest
Service, as well as for the scientists themselves. Second, the approaches taken to
developing documents like NEPA, silviculture prescriptions, and implementation guides
is critical in how science is applied and codified. Transparency, communication, and
interaction are necessary to ensure that scientific information is incorporated along with
other decision-making considerations. Finally, decision-making flexibility mediates how
science is applied, with higher levels of flexibility allowing for more scientific
integration.
These findings also illustrate that the CFLRP presents a unique model of science
production and use. The CFLRP and collaborative forest restoration more broadly
emphasize science as a foundation upon which other decision-making considerations,
such as social values and economic factors, are placed. The emphasis on incorporating
social values does not negate the value or contribution of science; rather it presents a
unique challenge for science to be communicated and adapted to fit with other objectives
and perspectives. Scientific knowledge is very much embedded in society; it influences
and is influenced by social practices (Jasanoff 2004, 2). Collaborative forest restoration
projects like the CFLRP present an opportunity for science, social values, and other
forms of knowledge to productively engage and produce more widely agreeable
outcomes.
The CFLRP also offers a unique opportunity for use-inspired collaborative
science and learning through scientist involvement in planning and decision-making and
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decision-maker involvement in the development of future research. There is a general
understanding that these projects represent an important scientific opportunity to learn
about forest restoration and management effects at landscape scales. Even though the
CFLRP does not fund research, the way monitoring programs are designed can allow for
opportunities to expand knowledge production beyond what is dictated in traditional
monitoring approaches. Monitoring is fundamentally a research activity that is meant to
provide measurements to inform decision-making and presents a unique collaborative
research opportunity. With the contributions of independent scientists in monitoring,
there is an opportunity to do more with the data gathered during the process and to
conduct additional research. Incorporating volunteers, citizen scientists, and the public
can further expand the potential for monitoring to inform future research. Decisionmakers and scientists must work together to reach an agreed level of rigor in monitoring,
but recognizing the potential scientific opportunities is the first step. Notably, social
science does not appear to play a major role in informing decision-making in the first
three phases of the CFLRP, though economic data is required for annual reporting and is
regularly gathered. However, all of the projects must include some socio-economic
monitoring, which presents an important opportunity for the social sciences to better
engage in the process.
At the same time, there is still a lack of clarity among collaborators about how
decisions are made in the CFLRP. As many respondents emphasized, forest management
regulations really preclude the effective use of science. Forest management regulations
and agencies like the Forest Service are built on certain kinds of science, and it is hard to
change their foundations. However, as climate change continues to alter forest conditions
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and negate certain kinds of forest management practices, it is going to require that
agencies figure out a better way to keep pace with the current science (North et al. 2015).
Although official decision-making falls in the hands of the Forest Service, its ultimate
reflection is in the hands of the people running the chainsaws on the ground. Therefore, it
is critical to also ensure that scientists, decision-makers, and implementers continue to
work together throughout implementation and monitoring.
This paper has described the ways in which science works through a collaborative
forest restoration process to inform decision-making. Incorporating science in decisionmaking is an ongoing challenge in environmental management, but the CFLRP represents
a unique venue in which science can inform management actions, as well as address
management questions. Ultimately, it will be important to determine how this process
affects ecological conditions on the ground, which presents a ripe area for future
research. Understanding the role of science and its effect on decision-making in the
CFLRP and collaborative forest restoration more broadly can help to encourage more
effective utilization of science to restore forest health and change the course of future
management actions.
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Abstract: Climate change has significantly impacted forest health and fire regimes, and
these impacts are expected to intensify into the future. This necessitates scientific
information and management actions that are designed to foster resilience to changing
conditions. However, connecting science and decision-making remains a challenge
despite efforts to improve the usability of scientific information. This study addresses this
challenge by investigating the application, development, and communication of scientific
information to support decision-making about resilience in forest and fire management.
Drawing on interviews with scientists, managers, and other stakeholders following a
workshop about resilience, this paper describes different approaches to science
application in management, development for management, communication formats, and
research needs. The results demonstrate that in-person interactions, identification of
common goals, and sustained, ongoing communication are critical for effective sciencemanagement collaborations. Recommendations for more effectively connecting science
in decision-making within the context of resilient forest and fire management are also
provided.
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Management Implications: Many scientists and managers are working to understand
how to foster resilience in forested systems as climate change affects forest health and
fire behavior. Identifying strategies to help support decision-making about resilience
necessitates actionable scientific information to inform management action. However,
effectively connecting science with decision-making to support complex problems like
managing for resilience is challenging. Science is applied formally and informally in
forest and fire management but can be hindered by poor communication, limited
information access, inappropriate scales, and emphasis on other decision-making
considerations. Meanwhile, scientists take direct and indirect approaches to developing
scientific information for management and face challenges due to institutional
responsibilities, personal flexibility, and inadequate time and resources. Scientific
information is communicated in both oral and written formats, and while there is no
single best communication approach, in-person meetings and field trips are most
preferred. In order to most effectively develop and utilize scientific information in
decision-making for resilient forest and fire management, scientists and managers need to
emphasize in-person interactions, identification of common goals, and sustained, ongoing
communication. Formal partnerships among scientists, managers, funding agencies, and
other stakeholders should be fostered to encourage collaboration in research prior to
funding through research completion and application.

Keywords: resilience, forest management, science, decision-making, communication
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Introduction
The effects of climate change are impacting forest health and fire regimes and are
expected to intensify under current greenhouse gas emission scenarios. Forests around the
globe are experiencing stress due to increased temperatures, drought, and other climatedriven processes (Allen et al. 2010). In the Western United States, fires are increasing in
frequency and duration, and fire seasons are lasting longer (Westerling et al. 2006). This
has generated uncertainty about how forests will respond in the future and drives the need
for new kinds of management actions (Millar and Stephenson 2015, North et al. 2015).
As a result, more emphasis is being placed on identifying strategies to foster resilience. In
order to find meaningful ways to address climate change and foster resilience, managers
must be able to make decisions guided by credible, salient, and legitimate scientific
information (Cash et al. 2003). Yet connecting science and decision-making is
complicated by numerous factors within both science and management (McNie 2007). To
better align these domains, efforts are being made to match the goals and objectives of
scientists and managers in order facilitate the production of scientific knowledge that is
useful in decision-making (Ferguson et al. 2014). However, this remains a challenge,
especially as conditions on the ground continue to evolve, oftentimes rapidly.
In this article, I address this challenge through a case study in the Southwest U.S.
that evaluates the development, application, and communication of science to inform
decision-making that supports resilience in forest and fire management. There have been
previous efforts to understand these processes for climate science more broadly.
However, this paper focuses on resilience in forest management specifically, which is
especially challenging as the topic of resilience is not yet clearly defined within science
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or management, and it identifies factors within this context that contribute to the effective
production and use of scientific information. Interviews were used to assess the
perceptions of scientists, managers, and other stakeholders about this process following a
workshop on fostering resilience in the Southwest. In addition to empirical evidence,
these interviews generated recommendations for better developing and utilizing scientific
information to support resilient forest management.

Resilience in Science and Management
The concept of resilience comes from C.S. Holling’s seminal work, which defines
resilient systems as those that are able to “absorb changes…and still persist” (1973). The
original concept has evolved with considerations of space, time, and other variables, and
now also considers “the capacity for renewal, reorganization, and development” in the
face of change (Folke 2006). Resilience has become commonplace in numerous scientific
disciplines, including the social sciences (Folke 2006). It is also filtering into ecosystem
management, especially as climate change-driven disturbance events like large wildfires
produce novel conditions and uncertainties for scientists and managers alike (Nijhuis
2012). As climate change continues to affect ecological, as well as social systems,
determining ways to foster resilience will be vital for adaptation and mitigation.
However, there are still many uncertainties about the characteristics of resilient
systems and how to conduct management actions that foster resilience. Scientists and
resource managers are often faced with rapidly changing conditions on the ground and
novel post-disturbance trajectories. Indeed, there are many unanswered scientific and
management questions about resilience (Joyce et al. 2009, West et al. 2009, Ellenwood et
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al. 2012). These issues are especially prevalent in forest and fire management, where it
can take a long time to produce actionable scientific information or for the effects of
management actions to manifest themselves in natural systems. Nonetheless, there is a
sense that “good science and scale relevant information” (Archie et al. 2012), as well as
stronger science-management partnerships (Littell et al. 2012) can help forest managers
address climate change and resilience at the local level.
Although science-management partnerships are invaluable to addressing
resilience, it can be difficult to effectively connect these domains. Managers need what
Cash et al. (2003) refer to as relevant, credible, and legitimate scientific information in
order to make decisions, and scientists may not always provide this kind of information.
Managers must also consider many other factors, in addition to science, in decisionmaking. For example, concerns about political and community pressures can constrain
management actions (Steelman and McCaffrey 2011). Nonetheless, the “best available
science” is required in management decision-making under the National Environmental
Policy Act (NEPA). Although legislative mandates like NEPA encourage managers to
engage with the latest science, they do not guarantee that it will be used effectively
(Doremus 2006, Wright 2010). The language of these policies and guidance from the
courts allow significant discretion and room for “professional judgment” in the use of
scientific information (Schultz 2008, Ziaja and Fullerton 2015). Adding to this, notions of
what constitutes the best available science are not always straightforward (Sullivan et al.
2006), ideas about scientific information “usability” vary among people and
organizations (Dilling and Lemos 2011), and especially with topics like resilience,
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scientific information can be unresolved and difficult to interpret (West et al. 2009,
Ellenwood et al. 2012).
Issues such as these contribute to what has been characterized as a divide between
science and decision-making (McNie 2007, Sarewitz and Pielke 2007). In response, useinspired science, which is “scientific investigation whose rationale, conceptualization,
and research directions are driven by the potential use to which the knowledge will be
put,” (National Research Council 2007) is being promoted as a strategy to achieve
meaningful science outcomes (Sarewitz and Pielke 2007). Use-inspired science
necessitates knowledge be collaboratively produced – or co-produced – through active
involvement from scientists, decision-makers, and other stakeholders throughout the
research process (Lemos and Morehouse 2005, Meadow et al. 2015). Boundary
organizations, which provide mediating, translating, and communication functions, are
also improving connections between scientists and managers (Kocher et al. 2012).
While many strides have been made in understanding how to make better use of
scientific information and generate co-produced research, much of it has focused on
climate science (Dilling and Lemos 2011, Lemos et al. 2012, Meadow et al. 2015).
Although the findings from this body of literature are broadly applicable, it is important
to understand how unique aspects of different areas of natural resource management
affect science use and production. Climate science is an important component to
understanding resilience, but disciplines like ecology and the social sciences, as well as
management knowledge on the ground, are also invaluable. In order to assess how
science can be more effectively developed and utilized to support decision-making about
resilience in forest and fire management, this study addresses the following questions: 1)
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How is scientific information currently used in forest and fire management that seeks to
foster resilience? 2) In what ways are management objectives considered in the
development of scientific information about resilience? 3) What are the most effective
ways to communicate scientific information? 4) What scientific information is needed to
improve our understanding of resilience? 5) How can scientists and managers work
together to effectively develop and apply scientific information to support decisionmaking about resilience?

Study Context & Methods

Fostering Resilience Workshop
The Southwest Fire Science Consortium (SWFSC) is a boundary organization
funded through the Joint Fire Science Program that facilitates “communication,
collaboration, and relationship-building between fire scientists and managers” (Kocher et
al. 2012). In February 2014, the SWFSC hosted “Fostering resilience in Southwestern
ecosystems: A problem solving workshop” in Tucson, Arizona. The workshop drew more
than 180 ecosystem managers, fire professionals, scientists, and other stakeholders
throughout the Southwest who were united by the common goal of determining how to
address resilience. Participants spent two days defining resilience, describing its
characteristics, and brainstorming strategies to foster resilience in both ecological and
social systems. The workshop allowed scientists, managers, and other stakeholders to
productively engage and discuss a topic characterized by a great deal of uncertainty, as
well as initiate and develop the relationships that are critical for collaborative research.
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Therefore, it presented a unique opportunity to gain insights into the questions driving
this study and to better understand the unique challenges that resilience presents for forest
and fire science and management.

Methods
Following the workshop, semi-structured interviews were conducted with willing
participants (Dunn 2008). The questions covered respondent demographics, data and
information use and needs, and future projection (Appendix 1). Workshop evaluation
questions were also asked but are not reported here. The interviews were designed to
assess how respondents currently use or develop scientific information to support
decision-making and what improvements can be made. Interviews lasted around fortyfive minutes, and there were twenty-one participants (Table 1). For the purpose of this
study, managers are defined as respondents who make land management decisions at the
federal, state, or local level, scientists are those who conduct research for an academic
institution or other research organization, and other stakeholders are those who work for
non-profit or private organizations. These terms are used broadly to encompass a wide
range of possible roles and a respondent’s current position.
Interviews were recorded and transcribed before being systematically coded and
analyzed for salient themes and patterns (Cope 2008). Coding and analysis was done
using the computer-assisted qualitative data analysis software (CAQDAS) Nvivo. A
grounded theory approach was used to inductively identify themes based on iterative
review of the data (Strauss and Corbin 1990). Three rounds of coding were used to
identify basic concepts about science and decision-making, then broad themes or
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constructs within the data, and finally specific themes. Names and titles are not provided
to protect confidentiality as part of the informed consent process.

Table 1. Respondent roles based on current position and affiliation.
Affiliation
US Forest Service
Other State or Federal Agency
University
Non-Profit Organization
Private Organization
Total

Managers
7
2
9

Scientists
1
7
8

Other Stakeholders
3
1
4

Results
The results presented here are organized according to four major themes:
application of scientific information in management, development of scientific
information for management, communication of scientific information, and scientific
information needs.

Application of Scientific Information in Management
Scientific information is applied formally and informally in decision-making. In
formal applications, managers use scientific information for conducting analyses and
writing documents associated with project planning and implementation in accordance
with statutory requirements. For example, science is required as part of NEPA and is used
to inform environmental analyses and project plans. However, managers are given
discretion in what scientific information to use in planning and are typically responsible
for seeking out the relevant information. Formal application also occurs in project
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implementation. One silviculturist described a process for using science in prescription
writing, stating:
“I try to read information that would apply to the forest types that we have or that
I’m interested in. I’ll start with the abstract and the introduction, and then a lot of
times, I skip over the methodology and go straight to the discussion and try to pull
out the primary points the researcher is trying to make.”
Meanwhile, informal application occurs more organically, is used to supplement
individual knowledge, and is applied in situations like fieldwork without reference to
specific studies. It also occurs within the bounds of agency guidelines where flexibility
allows. As one forester described:
“Reading a little bit more about the ecosystems and how things behave and then
coupling that with my silviculturist’s prescription really helps me do a better job
when I go out and mark those trees.”
At the same time, applying scientific information in management can be
challenging. Respondents noted that maintaining open lines of communication is difficult
due to logistical issues, like lack of time, or personal issues, such as disinterest. It is also
challenging for scientists to communicate the nuances of scientific uncertainty or
disagreements outside of scientific communities, which can lead to misunderstanding or
misinterpretation of scientific information. This is especially problematic with data about
resilience that are often unresolved and frequently changing with conditions on the
ground. Broad claims like “manage for climate change” are also too vague to translate
into implementation-level decision-making. Additionally, the majority of managers
explained that they are responsible for finding, interpreting, and applying scientific
information, which can be time consuming and limited by access to journals or databases.
Nonetheless, managers described strategies for accessing science, from searching
research databases to talking directly with scientists. Managers also noted that it can be
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difficult to interpret science without input from researchers, especially when it is
communicated in a highly technical manner. All of the managers surveyed also described
how social, political, and economic factors, personal experience, and gut instinct also
contribute to decision-making.
Respondents also referred to a scale mismatch, whereby the scale of a study and
the scale of management concerns do not align. Research is bound in space and time and
can be difficult to generalize to a management unit. Some science is too specific, for
example studies limited to a small part of an ecosystem; meanwhile some is too general,
for example climate data that has not been downscaled. As one forester explained:
“Every acre needs to be evaluated for the benefit of that acre, for its history, for
the influences that are there, and research can only be done in one place.”
Additionally, science is constantly evolving, and there may be instances where the
current information conflicts with current statutory guidelines. One fuels specialist
explained:
“It can be very frustrating to get agency policy to, if not catch up with current
science, maybe trail along a little closer. It can be a real danged if you do, danged
if you don’t.”
Others noted that once scientific information is formally codified in legal documents like
NEPA, it is difficult to update due to lengthy amendment processes. With respect to a
rapidly evolving subject like resilience, this is even more problematic, as policy cannot
keep pace.

Development of Scientific Information for Management
Scientific information for management is developed directly and indirectly. Direct
development occurs when scientists work with managers throughout the research process
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to produce results that are designed to address management questions from the start. This
necessitates long-term engagement, sustained communication, and feedback. As one
scientist explained:
“I’ve designed a number of studies with other researchers to try and address
issues that land managers find challenging or want more scientific information
about. In those situations, I have a lot of meetings and field trips with forest
managers to visit sites where they have questions or concerns.”
Indirect development does not utilize management input and often has more ambiguous
implications. As one scientist explained:
“I’m not a manager, and so it’s hard to understand how they really view the
constraints of their job because I don’t do that. But sometimes, when I look
around at scientific research, I question its utility for easily being adopted by
people with actual responsibilities to implement things.”
Respondents also cited a number of challenges in the process of developing
scientific information for management. Scientists who have not engaged with resource
managers may not be familiar with management contexts and unable to produce useful
scientific information. Institutional responsibilities also present challenges to effective
scientific information development. Managers and scientists alike noted that they have
certain obligations within their home organizations, some of which are more permissive
of collaborative research than others. Development of scientific information is also time
consuming. As one scientist explained:
“I think managers are incredibly busy, and I think professors are incredibly busy.
So it has to be something that they can both actually make time for, and probably
not during the large fire events.”
Indeed, responsibilities change throughout the year, making timing another challenge.
Most respondents also said lack of time was another challenge, because it does take extra
time to develop research-management relationships, build trust, and maintain
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communication. Poor communication can also hinder science development. For example,
some managers complained about not being notified of ongoing research or receiving
results. Meanwhile, some scientists were dissatisfied by agency practices for archiving
and sharing data or reports that could be useful in research. Many funding opportunities
are not tailored to facilitate management-relevant research and may restrict study design
and long-term engagement or focus on topics that lack management or scientific
relevance. Resources like equipment, personnel, and even research sites may also be
limited.

Communication of Scientific Information
Communication of scientific information encompasses a broad range of
information types (preliminary results to peer-reviewed publications) and forms of
delivery (oral or written). The oral formats discussed by respondents included in-person
meetings, site visits or field trips, workshops, conference or interagency meeting
presentations, and webinars. The majority of managers explained that in-person meetings,
whether in an office or in the field, were most effective for receiving scientific
information, and the majority of scientists noted that they received more positive
feedback delivering results in-person. Site visits and field trips, which allow for on-theground examples, two-way discussion, and time for those present to share knowledge and
concerns, were also viewed as effective communication approaches. As one scientist
explained:
“I think certainly field trips seem really helpful and show and tell in both
directions out in the field, where the managers are saying, ‘This is an area we are
concerned about, and here are the reasons.’ And we’re saying, ‘Well, here's what
we've been measuring,’ and we can all see what’s going on.”
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Respondents were more divided about the efficacy of workshops, conference or
interagency meeting presentations, and webinars. Workshops allow for interaction and
networking but can vary in quality based on the attendees, facilitation, and organization.
Conference or interagency meeting presentations and webinars can be difficult to
understand if the information is delivered poorly, though they do provide limited
opportunities for discussion and interaction. Some respondents appreciated that webinars
can be accessed without travel; others said they were rarely able to make time for them
and found discussion challenging.
The written formats discussed by respondents included fact sheets or digests,
white or working papers, professional reports, and scientific articles. The majority of
managers said they prefer to receive concise, accessible summary formats. Fact sheets
and digests tend to be less than two pages, present information using bullet points and
short paragraphs, and include management implications. Some scientists noted that these
formats are useful when there are clear study implications but do not provide room for
describing more nuanced results. Respondents also cited the benefits of white or working
papers, which are written for managers in a non-technical style and allow more
opportunity to discuss research context and methods than fact sheets or digests.
Professional reports written about a specific study were cited as being useful when they
contain good graphics but problematic when they are too text-heavy. The majority of
respondents also mentioned scientific, peer-reviewed articles. For scientists, peerreviewed papers are the primary mode of communicating findings to their peers.
However, managers also noted that they are useful, especially when formally applying
scientific information. Some managers described techniques they had developed for
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quickly identifying the major points within peer-reviewed papers. However, managers
and scientists alike expressed concerns that peer-reviewed papers can be intimidating or
overlooked.
Unfortunately, respondents were concerned that a lot of research goes unused
because it has not been communicated effectively. Indeed, scientists noted that it is often
difficult to know how best to communicate results. One put it this way:
“Here’s what I found. What is the best way for me to get this to you? Is it a one or
two page bullet point paper? Is it a webinar? What is it? Is it a PowerPoint? What
is the best way for me to translate this for you and other people like you who are
going to actually use the information?”
In order to address this, one forester suggested:
“I think you have to identify your audience and develop your strategy based on
your audience.”
Indeed, there is no single best strategy for communicating science, although appealing to
the intended audience is critical. Some respondents also expressed concern that agency
training programs, which managers are required to take as part of their continuing
education (Kobziar et al. 2009), do not communicate the latest science, especially about
resilience or climate change.

Scientific Information Needs
New research is needed when novel information is necessary to address a
management question, and the degree can vary significantly. New research could mean
applying established methods in an understudied area. For example, one silviculturist
noted:
“When you get lower down in the drier forest and woodland types, the
information becomes really weak, particularly in Southern Arizona.”
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New research could also mean developing innovative methodologies to address evolving
questions about resilience. For example, respondents felt that there needs to be more
research dedicated to understanding landscape-scale processes but that current methods
are limited for understanding forest and fire management at larger scales. New research
also refers to efforts to provide more explicit recommendations for management. As one
silviculturist noted:
“I guess when you say, ‘Plan for resilience,’ that doesn’t really tell me how to do
it on the ground.”
This drives home the point that management-relevant research is critical to address
complex issues like climate change and resilience. Specific research topics, data, and
technology needs identified by respondents can be found in Table 2.
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Table 2. New resilience research needs identified by interview respondents.
Research Topics
Climate Change

Experimentation

Fire

Social Science

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

How to manage for increased temperatures
What systems will be lost or most affected
Prescription-level climate information
Experiments to test management at different frequencies/ scales
Broad, landscape-scale experiments
Experiments to test potential of assisted migration
Track ecosystem trajectories and succession
Track timing of fires and effects on ecosystems
Role of soils in succession
Effects of post-fire planting and seeding
Effects of management actions on fire behavior
Connections between social and ecological systems
Effects of succession on human communities
How to develop understanding and support for management actions
Communication and networking strategies
Definition of social resilience
Incorporating traditional ecological knowledge, local knowledge
Perceptions of smoke and prescribed fire

•
•
•
•
•
•
•
•
•

Baseline data to understand pre- and post-disturbance landscapes
Ecosystem specific data in understudied ecosystems
Reference conditions that better reflect potential future conditions
Historic data on past ecosystem conditions
Spatially explicit data and models
Multiple reference conditions for same location
Downscaled climate models with local topographic variability
Centralized, aligned datasets across agencies
Common database of research sites and plots

•
•
•
•

Higher resolution satellite imagery
Fire spread models better coupled with vegetation models
Improved remote access to data in the field
Improved spatial analysis and modeling

Data Needs

Technology Needs

Connecting Science and Decision-Making in Resilient Forest and Fire Management
This paper has reviewed the development, application, and communication of
scientific information for resilient forest and fire management. These findings illustrate
that scientific information is an invaluable input to decision-making that supports
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resilient management. However, there is still a substantial gap between resilience science
and management, especially because the management goals for resilience are still
unclear, and the scientific data are often unresolved. While there are many challenges to
effectively connecting science and decision-making in resilient forest and fire
management, there are also a number of concrete actions that can be taken to better align
these spheres.
First, it is important that managers and scientists be able to demonstrate the
benefits of collaborative research within their respective organizations in order to garner
broader support for collaborative research. Encouraging individuals in science and
management who are willing to devote extra time and effort to fostering sciencemanagement engagements, as well as supporting boundary organizations that work to
reinforce these kinds of partnerships, is also critical. When communicating science, inperson interaction and discussion provide the best opportunity for two-way dialogue and
learning, as well as the opportunity to identify areas of common interest or concern. Field
trips are especially useful for building trust, establishing relationships, learning through
real world examples, and providing an opportunity to get out of the office. Structured
opportunities for engagement like workshops are also important because they provide for
networking and in-person interaction. Using online tools like webinars to communicate
and share data is also helpful when in-person interaction is not feasible. However, as
there is no single best science communication format, it is also helpful to communication
research in a range of formats in order to appeal to a diverse audience.
Translating research into specific guidance that can be applied in management can
be challenging, especially in cases where the research was not explicitly designed to
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inform decision-making (Sarewitz and Pielke 2007). It can also be difficult to translate
management concerns into fundable research. Even scientists that are engaged with
managers may not be able to find funding opportunities that support the kind of research
necessary to address common science-management questions. There is a disconnect
between what funding agencies are looking for, the kinds of questions scientists are able
to answer, and what managers need to know. There is also a general lack of
understanding within both science and management of the time frames and constraints
under which each group operates. This is often due to a lack of clarity about expectations
and responsibilities. Additionally, focusing on disagreement rather than common ground
and areas of agreement, can derail efforts and erode trust.
Although many science and management organizations support collaborative
research efforts in theory, there are often many obstacles for those involved. In order to
address this, formal, ongoing partnerships among research organizations, land
management agencies, non-governmental organizations, and funding agencies should be
fostered to facilitate productive science-management engagements. The relevant partners
should convene prior to research design and funding to determine what questions
managers need addressed, what kinds of questions scientists are able to address, what
kinds of resources can be brought to bear, and how to align these factors. Partnerships of
this nature encourage participants to focus on the things for which they are trained and
employed while sharing with the rest of their partners and learning from each other.
With respect to communication, there is a need for stronger knowledge networks to
foster and sustain dialogue among scientists and managers. Scientists receive scientific
information fluidly by participating in scientific communities (Lupia 2013), but managers
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may not regularly participate in these communities and thus need to receive it in other
ways. Therefore, it is critical to develop and maintain knowledge networks to help
facilitate the transfer of information in both directions. Feldman and Ingram (2009)
define knowledge networks as being composed of the relevant individuals and
organizations that are “linked together in an effort to provide close, ongoing, and nearly
continuous communication and information dissemination among multiple sectors of
society.” Indeed, effective communication and iterativity among the potential partners of
a science-management collaboration is critical for achieving outcomes that address
common interests and problems (Dilling and Lemos 2011, Ferguson et al. 2014).
Boundary organizations like the Joint Fire Science Consortia have proven to be effective
in this and should be fostered and further supported (Kocher et al. 2012).

Recommendations for Connecting Science and Decision-Making
Based on these results, recommendations for facilitating the effective development,
application, and communication of scientific information in resilient forest and fire
management are provided (Table 3). These guidelines were developed from respondents
concerned with resilient forest and fire management but are also more broadly applicable.
They are designed to encourage flexibility in science-management engagements and
allow for the co-production of scientific information to inform decision-making that
fosters resilience in forest and fire management. Determining how to foster resilience
requires mutual learning within both science and management communities. Therefore,
these recommendations stress that in-person interactions, identification of common goals,
and sustained, ongoing communication are necessary for successful science-management
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partnerships and collaborative research in resilient management. Future research should
test these guidelines to identify the most actionable strategies and provide empirical
evidence of successes and failures.

Table 3. Recommendations for improving the development, application, and communication of
science for both scientists and managers.
Science
Recommendations

•
•
•
•
•
•

Management
Recommendations

General
Recommendations

•
•
•
•
•
•
•
•
•
•
•
•

Get out in the field with managers, learn about management challenges and
concerns, and respect managers’ knowledge
Be part of the team, stick around, play the long game
Be humble, be consistent, be accessible
Work one-on-one with implementers on the ground to decision-makers in the
office
Be clear about what research can and can’t address
Communicate findings broadly and in a range of formats to appeal to different
audiences
Take time to distribute research findings widely
Use specific, relevant examples and provide a few major take home messages
Participate in workshops and other similar opportunities
Encourage engagement with scientists and on research projects
Provide feedback on research findings
Keep an open mind, try new ideas
Maintain agency data archives, metadata, and contact information for research
plots
Align datasets across boundaries within agencies and among different agencies
Incorporate science into agency training programs and update them frequently
Facilitate in-person meetings and discussion among scientists, managers, and
other stakeholders before grant writing and research begin
Identify common goals and design projects to meet those goals while allowing all
partners to focus on their strengths and skills
Encourage ongoing interactions and communication before, during, and after
research

Conclusion
Actionable scientific information will be critical to informing resilient forest and
fire management as ecological and social systems continue to evolve as a result of
climate change. In order to foster resilience to this change, effective science-management
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partnerships are invaluable, but they must be tailored and designed to address issues that
are unique to the specific natural resource management context in which they are being
employed. This study has provided an overview of scientific information application,
development, communication, and needs within the context of resilient forest and fire
management. It has also provided recommendations that are designed to foster coproduction of scientific knowledge for decision-making within this context. This study
illustrates the importance of in-person interaction, common goals, and sustained
communication in order to effectively develop and apply science for decision-making to
support resilient forest and fire management through coproduction of knowledge and
mutual learning. Furthermore, it supports similar results within environmental
management more broadly.
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Appendix 1 (within Appendix A): Resilience Interview Questions
Demographics
1. Please tell me your name and the name of the agency or organization for which
you work. What is your position, and how would you describe the work that you
do?
2. How long have you worked in your current position? How long have you worked
in your field?
Data/ Information Use & Needs
1. How do you define ecosystem resilience and adaptive capacity?
2. Please describe your role in applying or developing scientific information about
ecosystem resilience and adaptive capacity.
3. In thinking about ecosystem resilience and adaptive capacity, in the last two to
five years, how have you or your organization interacted with scientists, land
managers, or decision-makers?
4. How useful is current scientific information on ecosystem resilience and adaptive
capacity for on the ground application, decision-making, and/ or policy-making?
5. What research is most needed to improve our understanding of ecosystem
resilience and adaptive capacity so these concepts can be applied on the ground,
in decision-making, and/ or in policy-making?
6. What concepts, data, or products do you need to adequately address these issues?
7. How can scientists, land managers, and decision-makers work together to
effectively develop and apply these concepts, data, or products on the ground?
8. What are the most effective ways for scientific information to be developed or
presented so managers and decision-makers can effectively apply it in policymaking?
Future Projection
9. How do you anticipate addressing the concept of ecosystem resilience and
adaptive capacity in the next two years? In the next five to ten years?
Closing
10. Were these questions useful or relevant to you?
11. Do you have any questions for me?
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