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Abstract

Competitive grants are increasingly used to induce proactive collaborative action by a range of actors to
reduce forest wildfire risks. Given the rigidity of past wildfire risk governance, it is important to assess the
adaptability of competitive grants as a new governance approach. Adaptive governance theory is used as
a lens to assess the adaptability of the Colorado Wildfire Risk Reduction Grant (WRRG) program, which
awards funds to successful applicants to reduce fuel on non-federal lands at a community scale. Four best
practices from the theory were applied: participation of and collaboration among diverse actors; co-produc-
tion of knowledge and learning toward adaptive management,; cross-scale interactions and fit between the
scale of governance and the scale of the ecological problem; and the capacity for innovation and re-organi-
zation. Using data and information about the WRRG structure and processes, awarded grantees from the
Jirst five granting cycles from 2013 to 2016, our direct participation-observation as part of the Advisory
Committee, and results from the WRRG effectiveness monitoring report, we examine the extent to which
the WRRG program exhibited adaptive governance attributes. For each adaptive governance attribute, we
Sfound evidence of factors facilitating and frustrating adaptiveness of the WRRG program. We situate our
findings within the broader context of using competitive grants as a forest wildfire risk governance approach
and address additional divections for adaptive governance research.
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Introduction

Globally, climate-related natural disasters such as drought, wildfires, insect and dis-
ease outbreaks, and flooding have increased in frequency, size, duration, and severity
over the past 30 years, resulting in losses of human life, damage to built infrastructure,
and irreversible alteration of native ecosystems (Hoeppe, 2016). The pace and scope
of these changes challenge the adaptability of governance arrangements to mitigate
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the risks and impacts associated with these events (Ahrens & Rudolph, 2006; Djalante,
Holley, & Thomalla, 2011; Folke, Hahn, Olsson, & Norberg, 2005). The governance
of forest wildfire risk in the United States is emblematic of this challenge.

Since the early 1900s, forest wildfire risk governance has been largely comprised
of federal land management agencies and state forestry agencies cooperating to sup-
press unwanted wildfires (Southard, 2011; Stephens, Collins, Biber, & Fule, 2016). This
approach has had some successes, but a century of fire suppression has allowed wildland
vegetation to accumulate over large geographic areas, thereby making subsequent fires
potentially larger and more intense (Hessburg et al., 2019; North et al., 2015; Stephens
et al., 2016). Concurrently, human population and land development has expanded
into fire-prone forested areas, termed the “wildland-urban interface” or WUI (Radeloff
et al., 2005), magnifying the need for fire managers to suppress fires to avoid losses of
human life and infrastructure, and further contributing to the build-up of wildland
vegetation ready to burn in future fires (Calkin, Cohen, Finney, & Thompson, 2014;
Calkin, Thompson, & Finney, 2015). Predicted increases in drought conditions and
warming average annual temperatures for western North America are likely to com-
pound the risks and consequences of forest wildfires and overwhelm the ability of fire
managers to safely respond (Abatzoglou & Williams, 2016; Schoennagel et al., 2017).

In sum, wildfire managers have institutionalized a rigid feedback loop that will
continue to exacerbate undesirable social and ecological impacts unless governance
approaches can shift to more forcefully disrupt the pattern by becoming more adap-
tive (Busenberg, 2004; Fischer et al., 2016; North et al., 2015; Schultz, Thompson, &
McCaffrey, 2019a). In recent years, legislative and administrative policy changes have
been enacted with the explicit acknowledgment that the scope and scale of forest wild-
fire risk in the United States exceeds the federal government’s authority and capacity,
and, instead, is a shared burden to be collectively undertaken by government agencies
at all levels, Tribal entities, non-governmental organizations, and community residents
(Abrams, 2019; Jakes et al., 2011; Steelman, Kunkel, & Bell, 2004; USDA & USDI,
2002; USDA Forest Service, 2018; Wildland Fire Leadership Council, 2014). Common
across these policies is the proposition that when landowners and managers collabo-
ratively plan and coordinate actions to reduce flammable vegetation—termed “fuels
reduction” (Stephens et al., 2012)—around community assets and infrastructure, the
potential for severe wildfires spreading through communities can be reduced. As this
risk of catastrophic wildfire is reduced, firefighters will have an expanded set of man-
agement options available to them that can move beyond full suppression.

However, inducing proactive, collaborative risk reduction actions, especially
between public and private landowners and managers, remains a governance chal-
lenge in itself (Bergemann, Schultz, & Cheng, 2019; Busby & Albers, 2010; Fischer
& Charnley, 2012; McDowell, 2003). Social science research indicates that many pri-
vate landowners living in fire-prone areas understand that they bear responsibility for
undertaking wildfire risk mitigation on their own lands (McCaffrey & Olsen, 2012);
however, the financial costs associated with reducing flammable fuel is a pervasive
barrier to taking action (Abscher, Vaske, & Shelby, 2009). Further, landowners realize
that if their neighbors do not conduct and maintain fuel reduction activities, their
own efforts may not be effective at reducing wildfire risk exposure (Ager, Kline, &
Fischer, 2015; Ferranto et al., 2013; Stein et al., 2015). Even if adjacent landowners
recognize the need to take collective actions, collaborative wildfire risk management
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requires sufficient financial resources to be effective (Cheng & Sturtevant, 2012;
Sturtevant, Moote, Jakes, & Cheng, 2005).

Federally funded competitive grants have long been employed as a governance
strategy to overcome financial barriers to wildfire risk management for local govern-
ments, communities, and property owners. The U.S. Department of Agriculture's
Forest Service (USFS), in cooperation with state forestry agencies, administers
the largest source of funds, the State Fire Assistance program established by the
Cooperative Forestry Assistance Act of 1978 (Southard, 2011). For example, based
on publicly available budget data, between 2005 and 2017, over $756 million was allo-
cated to state, local, and community-based entities to undertake preventative actions,
such as reducing flammable vegetation around susceptible structures and supporting
state and local governments’ firefighting capacity and preparedness (https://www.
fs.fed.us/about-agency/budget-performance).

The Collaborative Forest Restoration Program was the first federal competitive
funding programs directed at forest vegetation management projects across land
ownership boundaries, specifically targeting projects spanning federal, Tribal, state,
and county jurisdictions in the State of New Mexico (Prante, Thacher, McCollum, &
Berrens, 2007; Steelman et al., 2004). Established in 2000 and administered by the
USEFS, the program has been allocating approximately $5 million per year through
a competitive grant process and is governed by a multi-stakeholder federal advi-
sory committee. This New Mexico-specific program was a model for the national
Collaborative Forest Landscape Restoration Program (CFLRP) established in 2010,
with the exception that the CFLRP targeted preventative forest restoration projects
solely on national forest lands (Schultz, Jedd, & Beam, 2012). As of this writing, the
CFLRP has funded 23 projects across the United States with annual appropriations
between $40-60 million, with projects selected through a competitive review process
governed by a multi-stakeholder advisory committee (Butler & Schultz, 2019).

The most recent federal competitive grant program to address wildfire risk is the
Joint Chiefs Landscape Restoration Partnership established in 2014 between the chiefs
of the Natural Resource Conservation Service and the USFS (Cyphers & Schultz,
2019). The Joints Chiefs program focuses funding on jointly planned and imple-
mented federal-private land fuel reduction and forest restoration projects. Between
2014 and 2017, the program directed over $150 million to 55 projects nationwide
(Cyphers & Schultz, 2019). Recognizing that state governments play a role in wild-
fire risk governance and management, legislatures in California, Colorado, Oregon,
Utah, and Washington have enacted funding programs from their respective state
general funds to support greater participation in coordinated, cross-boundary fuel
reduction activities by local governments, community organizations, and property
owners in fire-prone areas (Schultz & Moseley, 2019).

Despite the growth in competitive grant programs as a forest wildfire risk gover-
nance approach, little is known about their functioning, performance, and adapt-
ability. Indeed, in the expansive body of scholarship on adaptive governance of
social-ecological systems (Chaffin, Gosnell, & Cosens, 2014; Fischer et al., 2016;
Karpouzoglou, Dewulf, & Clark, 2016; Smith et al., 2016; Steelman, 2016), research
on competitive funding programs is largely absent. Our aim in this paper is to begin
filling this knowledge gap by applying the adaptive governance lens to a case study of
the structure, functioning, and adaptability of the Colorado Wildfire Risk Reduction
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Grant (WRRG) Program enacted by the Colorado General Assembly in 2013. The
WRRG is a governance strategy designed to induce pro-active, collaborative fuel reduc-
tion actions on non-federal lands in and around fire-prone communities in Colorado.
Specifically, we examine the extent to which the WRRG program has embodied key
tenets of adaptive governance, including: participation of and collaboration among
diverse actors; co-production of knowledge and learning toward adaptive manage-
ment; cross-scale interactions and fit between the scale of governance and the scale of
the ecological problem; and the capacity for innovation and re-organization (Chaffin
et al., 2014; Djalante et al., 2011; Folke et al., 2005; Karpouzoglou et al., 2016; Rijke
et al., 2012; Sharma-Wallace, Velarde, & Wreford, 2018).

We first review the scholarship on adaptive governance to identify key tenets, and
then identify prior research and knowledge gaps relevant to our case study. This is fol-
lowed by a description of the Wildfire Risk Reduction Grant Program's background, a
description of assessment methods and data sources, and a presentation of assessment
results. We end with an interpretation and discussion of results, implications for better
utilizing competitive grant funding programs as a governance strategy for addressing
forest wildfire risk in fire-prone areas, and contributions to adaptive governance schol-
arship by from an under-researched arena of social-ecological systems governance.

Adaptive Governance: Key Tenets, Attributes, and Prior Research Relevant
to Forest Wildfire Risk Management

In the context of reducing risks to, and enhancing the resilience of, complex social-
ecological systems such as fire-prone landscapes, governance refers to the collection of
formal and informal rules, economic incentives, social norms, and decision-making pro-
cesses involved in steering how actors access, allocate, use, and protect natural resources
(Lebel et al., 2006). Adaptive governance, then, refers to the attributes, processes, and
behaviors through which governance participants anticipate and adjust to the inherent
uncertainty and complexity associated with complex social-ecological systems (Folke
et al.,, 2005; Garmestani & Benson, 2013). Early theoretical works and more recent sys-
tematic reviews of the adaptive governance literature elucidate four broad categories of
best practices (Chaffin etal., 2014; Folke etal., 2005; Karpouzoglou etal., 2016; Plummer
etal., 2012; Sharma-Wallace et al., 2018; Wyborn, 2015a): inclusive participation of and
collaboration among a diverse range of stakeholders, co-production of knowledge and
learning, cross-scale interactions and matching the scale of governance with the scale of
the ecological problem, and the capacity for innovation and re-organization.

Inclusive Participation and Collaboration

Collaboration is both a process and a behavioral orientation through which two or more
actors combine their skills, knowledge, and assets to achieve beneficial outcomes they
could not achieve alone (Cheng & Sturtevant, 2012; Gray, 1989; Wondolleck & Yaffee,
2000). Collaboration is theorized to contribute to adaptive capacity and governance by
engaging the participation of actors with different knowledge, experiences, apprecia-
tions, and resources in a joint problem-solving process (Armitage, Berkes, & Doubleday,
2007; Folke etal., 2005; May & Plummer, 2011; Olsson, Folke, & Berkes, 2004). As broader
and more inclusive participation takes place by a diversity of individuals, opportunities
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to harvest knowledge, assets, and support, and have a wider societal impact increase.
Central to achieving collaborative progress are so-called boundary-spanning and bridg-
ing entities—individuals or organizations that operate in the interspace between agen-
cies and organizations, scientific disciplines, research and management, and other
boundaries, and enact processes and actions to foster the co-production of knowledge
and social learning (Berkes, 2009; Crona & Parker, 2012; Wyborn, 2015a).

Co-production of Knowledge and Learning

Governance arrangements that explicitly access, include, and integrate diverse forms
of knowledge and ways of knowing may provide stakeholders a richer understanding
about the complexity and uncertainties of the social-ecological systems in which they
operate (Berkes, 2009; Bouwen & Taillieu, 2004; Fazey et al., 2007). In turn, actors with
a systems view of the complex linkages and feedback loops are more likely able to devise
innovative strategies for reducing risks and enhancing resilience of the social-ecolog-
ical system (Checkland, 1981; Daniels & Walker, 2001). Given the complexities and
uncertainties associated with complex social-ecological systems, structures and pro-
cesses that emphasize social learning can facilitate continuous evolution of governance
actors’ co-production and utilization of knowledge regarding trends, interactions, and
effects of multiple actions occurring at different spatial and temporal scales (Davidson-
Hunt, 2006; Keen, Brown, & Dyball, 2005; Pahl-Wostl & Hare, 2004; Reed et al., 2010).

Cross-Scale Interactions and Scale Matching

Two types of scaling issues are associated with governance of complex social-
ecological systems. The first is the range of spatial scales at which different biogeo-
physical processes occur and how those scales interact to produce ecological changes
(Caraher, Zack, & Stage, 1999; Haufler, Crow, & Wilcove, 1999; Schultz, Timberlake,
etal., 2019b). The second is the different levels at which governance actors and insti-
tutions operate and exert influence, such as levels of government (e.g., federal, state,
municipal), levels of hierarchy within an organization, or levels of extent and influ-
ence of informal actor networks including neighboring landowners (Adger, Brown, &
Tompkins, 2006; Cash et al., 2006; Ostrom, 1998; Schultz, Timberlake, et al., 2019b).

These two scaling issues interact in ways that can produce scale “mismatches”
or “misfits” (Cumming, Cumming, & Redman, 2006; Gomez-Baggethun, Kelemen,
Martin-Lopez, Palomo, & Montes, 2013; Schultz, Timberlake, et al., 2019b; Young,
2002). This occurs when the scale of social processes, such as governance decisions
or societal demand for goods and services derived from natural resources, are decou-
pled from the scale of ecological change processes or ecosystem service provisioning
(Cumming et al., 2006). Scale mismatches have long been implicated as one of the
primary contributors to ecological exploitation, conflicts, and degradation (Cortner
& Moote, 1999; Gomez-Baggethun et al., 2013; Holling & Meffe, 1996; Schultz,
Timberlake, et al., 2019b). Cross-scale communication, learning, and coordination
networks through boundary-spanning objects, processes, and organizations are mech-
anisms for overcoming scale mismatches (Cash et al., 2006); however, power struc-
tures and dynamics often work against this kind of adaptation and serve to reinforce
existing arrangements (Adger et al., 2006).
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Capacity to Innovate and Re-organize

The capacity to innovate and re-organize is an outgrowth of institutions, interactional
processes, and individuals that enhance the flexibility of governance arrangements to
anticipate the trends in and impacts of compounding perturbations, quickly devise
and allocate resources to experiment with new actions, and rapidly re-organize new
governance strategies (Armitage, 2005; Fazey et al., 2007; Folke et al., 2002; Gupta
etal., 2010). Institutional dimensions include flexible rules and structures defining who
participates in resource allocation and use decisions, which values receive priority when
making these decisions, what and whose knowledge receive priority, who bears burdens
and who receives benefits resulting from the decisions (Berman, Quinn, & Paavola,
2012; Young, 2010). Interactional processes include venues and networks through
which individuals from diverse sectors and across scales of social-organization can com-
municate, learn, and coordinate collective actions (Folke etal., 2005; Gupta etal., 2010;
Pelling & High, 2005; Plummer & FitzGibbon, 2007). Individual-level attributes include
leadership (Armitage, 2005; Folke et al., 2005; Gupta et al., 2010) and positive attitudes
and perceptions of feasibility and efficacy of actions (Grothmann, Greksch, Winges, &
Siebenhtiner, 2013; Lockwood, Raymond, Oczkowski, & Morrison, 2015).

Prior Adaptive Governance Research and Knowledge Gaps Relevant to Forest Wildfire Risk

Empirical research explicitly focused on the adaptive governance of forest wildfire risk
has historically been scarce compared to other natural resource management con-
texts. As this field of inquiry grows, the adaptive governance lens has been applied
to assess the adaptability of wildfire policy and management at national and sub-
national levels (e.g., states, provinces), and at the local community level. Adaptive
governance-themed research into wildfire management planning and response spans
the globe, including the State of Victoria, Australia (O'Neill & Handmer, 2012); the
boreal forests of Saskatchewan, Canada (Almstedt & Reed, 2013); Greece (Morehouse,
2011);and northwestern South Africa (van Niekerk, 2014). In the United States, the well-
documented negative consequences of the fire suppression feedback loop is used as
evidence in critiques pointing to the overall lack of adaptive governance of forest wild-
fire risk (Busenberg, 2004; Fischer et al., 2016; North et al., 2015; Schultz, Timberlake,
etal., 2019b; Steelman, 2016; Steelman & Burke, 2007; Stephens et al., 2016).
Adaptive governance-focused research at the local community level suggests a
similar range of variation in adaptability as national and subnational governance
approaches due to the influence of, and interactions between, local social-ecologi-
cal contexts and institutional-organizational forces. Abrams et al. (2015) demonstrate
how adaptive governance differences between communities are mediated by available
human capital, the presence and capacity of community-based civic organizations,
community development histories, and ecological settings. The influence of patterns
of social interaction among actors within and between different segments within a
local community, coupled with the rich diversity of people-place histories and values,
has resulted in communities being differentially adaptive in their strategic and tactical
approaches to addressing wildfire risk, as uncovered in numerous community case
studies conducted by Paveglio and colleagues (Carroll & Paveglio, 2016; Paveglio,
Carroll, Stasiewicz, & Edgeley, 2019; Paveglio & Edgeley, 2017; Paveglio et al., 2015),
and others (Abrams, Davies, & Wollstein, 2017; Canadas, Novais, & Marques, 2016).
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While the adaptive governance lens has been a fruitful area of applied research
in the forest wildfire risk domain, competitive grant programs to induce participa-
tion and collaboration in wildfire risk reduction activities is an unknown governance
context. Despite the widespread use of this governance tool, competitive grant pro-
grams themselves have not been the subject of focused research, leaving a gap in
understanding the adaptive governance of forest wildfire risk. A more rigorous assess-
ment of the performance of competitive grant programs can expand theoretical and
practical knowledge about factors that facilitate or frustrate the adaptability of this
governance strategy intended to induce collaborative wildfire risk management across
land ownership jurisdictions. This is especially critical in light of the aforementioned
critiques about the lack of adaptiveness in wildfire risk governance.

Colorado’s Wildfire Risk Reduction Grant Program

With 6.6 million acres of private land in the WUI adjacent to federal land (Colorado
State Forest Service, 2009), a rapidly growing population, increasingly frequent drought
cycles, and rising average annual temperatures, Colorado is in many ways an ideal case
study of the adaptive governance of forest wildfire risk. Between 1996 and 2012, wildfires
burned over 350,000 acres, with the majority of the area burned occurring in dry forest
types in Colorado's Front Range—an area bounded by Interstate 25 on the east and the
Front Range of the Rocky Mountains to the west, and from Pikes Peak in the south to
the Colorado-Wyoming border to the north—and in southwestern Colorado. Dry forests
are dominated by Ponderosa pine and Douglas fir in the Front Range and Ponderosa
pine and white fir in southwestern Colorado. These areas contain a mix of landowner-
ships, with private, county-administered, and state lands adjacent to or intermixed with
national forest lands administered by the U.S. Forest Service. Two fires in 2012 were
especially consequential, the High Park Fire west of Fort Collins and the Waldo Canyon
Fire in Colorado Springs. These two fires were ignited during a severe drought, spread
across public and private landownerships, and burned nearly 600 homes.

While Colorado's higher-elevation subalpine forests—those dominated by lodge-
pole pine, spruce, subalpine fir, and aspen—historically had fire return intervals
between 200 and 600 years, outbreaks of the mountain pine beetle and spruce
bark beetle between 2002 and 2012 caused forest mortality in over 4.5 million acres
(Colorado State Forest Service, 2013). With the large volume of dead, dry trees and
warming average annual temperatures, policy makers and agency officials perceived
heightened wildfire danger to mountain communities; outdoor recreation and tour-
ism economies; and water delivery systems, electrical power lines, and natural gas
pipelines that traverse the forest.

With the prospect of increased wildfire risk due to climatic changes and the aware-
ness that collaborative community engagement in preventative actions were neces-
sary, state elected officials and administrators set about crafting legislative proposals
to increase the pace and scale of wildfire risk mitigation actions on non-federal lands,
which include lands owned and controlled by state, county, and municipal govern-
ments, and lands owned by private organizations and individuals. The Colorado
General Assembly had already established a competitive grant program in 2009 admin-
istered by the Colorado State Forest Service to costshare fuel reduction projects on
non-federal lands in the state (House Bill 09-1199; https://leg.colorado.gov/sites/
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default/files/images/olls/2009a_sl_411.pdf). However, the 2012 fire season created
a sense of urgency to expand the state’s investment and involvement in proactive fuel
reduction.

In 2013, the Colorado Department of Natural Resources (DNR), one of 20 cab-
inet-level agencies in the executive branch of state government, proposed and ulti-
mately gained sufficient legislative support to pass the Wildfire Risk Reduction Grant
Program (WRRG; Senate Bill 13-269; https://leg.colorado.gov/sites/default/files/
digest2013.pdf). The WRRG received an initial appropriation of $10 million from
the state's general fund derived from Colorado taxpayer revenues. Since that inau-
gural year, the program was reauthorized the subsequent three years at $1 million
per year. Between 2013 and 2017, the program was administered out of the DNR's
Assistant Director for Parks, Wildlife, and Lands office. In 2017, the Colorado General
Assembly enacted a statute to transfer WRRG program from the DNR to the Colorado
State Forest Service and switched the funding source from the taxpayers' general fund
to the state's oil and gas Severance Tax Fund (Morici et al., 2019).

Assessment Methods

Like many competitive grant programs, the WRRG program is comprised of three
interacting processes that, taken together, create a governance arrangement:

¢ The rules, structures, and processes governing grant decision-making, such as:
eligibility rules; proposal parameters and application rules; proposal evalua-
tion and selection criteria; and rules authorizing certain people to make grant-
ing decisions.

¢ The grant applicants and eventual grant awardees, such as: who they are; where
are they situated physically, economically, and socially; their proposed actions
that will achieve program goals; and their capacity to fully deliver on proposed
actions.

e The effectiveness monitoring strategy and outcomes, including: pre- and
post-project observation or measurements to gauge the degree to which grant-
ees' accomplishments and performance met program goals and expectations,
and the mechanisms through which subsequent program and project adjust-
ments were made.

For our assessment of the WRRG, we compiled data and information from the
first five granting cycles that occurred between 2013 and 2016 into three units of
analysis corresponding to these aspects of competitive grants. Due to low amounts in
the Severance Tax Fund, no grants were awarded in 2017 and 2018. Our compilation
strategy was sensitized (Boeije, 2002; Denzin & Lincoln, 1998) by the four categories
of adaptive governance attributes in order to focus the types of data and information
relevant to assessing the adaptability of the WRRG program.

Data for the first unit of analysis were derived from the design parameters of the
program as expressed in the statute and attributes of the administrative process of
awarding grants as embodied in the activities of the Advisory Committee. Additionally,
a review of Advisory Committee scoring matrices and meeting notes served as sources


https://leg.colorado.gov/sites/default/files/images/olls/2009a_sl_411.pdf
https://leg.colorado.gov/sites/default/files/digest2013.pdf
https://leg.colorado.gov/sites/default/files/digest2013.pdf

Adaptive Wildfire Governance Using Competitive Grants 9

of evidence for the administrative process, and evidence of the extent to which com-
mittee proceedings involved all members, questions and concerns were vetted, and
learning was occurring from effectiveness monitoring results. We also drew on our
participation and subsequent observations to reflect on the performance of the
WRRG program.

On this last point, a disclosure about our “positionality” relative to the WRRG
is warranted with respect to our participant-observation methodology (Cheng &
Randall-Parker, 2017). Lisa Dale was Assistant Director of Parks, Wildlife, and Lands
for the Colorado DNR at the inception of the WRRG; in that role, she was a primary
author of the WRRG and chaired the WRRG Advisory Committee between 2013 and
2015. Tony (Antony) Cheng is director of the Colorado Forest Restoration Institute
and a member of the Advisory Committee. Our “insider” position vis-a-vis the WRRG
program's creation, governance, and administration has two methodological impli-
cations. First, we have ready access to information on the WRRG program; while this
information is publicly available, individuals external to the process are unlikely to
be aware of its existence. Second, our understanding of the internal assumptions and
intent that drove the creation of the WRRG affords us unique insight on assessing
the extent to which the WRRG performed as a policy tool to induce collaborative
collective action.

For the second unit of analysis, we compiled and sorted the distribution of awards
by funding amount and by grantees' organizational types. WRRG data were publicly
available by the DNR program administrator. Each grant cycle dataset lists the name
of the applying organization, names of awarded and unawarded grants, and grant
amounts. For the third unit of analysis, we draw on effectiveness monitoring summa-
ries from each funding round and on the final WRRG effectiveness report produced
by CFRI (Morici et al., 2019). This report is a summary of the results of pre- versus
post-fuel reduction fire behavior metrics for 21 out of the 102 fuel reduction projects.

In the analysis and interpretation phase of the assessment, we did not utilize a for-
malized qualitative research approach, whereby documents are coded using qualitative
research software for themes and patterns (Strauss & Corbin, 2008; Thomas, 2006).
Our process drew on theories of academic-practitioner knowledge creation (Amabile
et al., 2001; Nonaka, 1994; Rynes, Bartunek, & Daft, 2001), whereby we employed
an interactive argumentation-based approach in which data and information about
each aspect of the WRRG program and from our recollections of WRRG Advisory
Committee deliberations were iteratively evaluated against each of the four catego-
ries of adaptive governance tenets and attributes (Barry, Britten, Barber, Bradley, &
Stevenson, 1999; Mauthner & Doucet, 2003). This argumentation process entailed
face-to-face and written claims and counter-claims between us, emulating the knowl-
edge creation framework of Nonaka (1994) of moving between tacit practice-based
knowledge acquired from operating within the WRRG program and explicit theo-
ry-based knowledge derived from the adaptive governance literature. This interac-
tive argumentation-based process of analyzing and interpreting assessment data and
information explicitly accounted for our respective positionalities and correspond-
ing frames of references relative to the WRRG policy and program (Dryzek, 1993;
Valovirta, 2002), and has been applied in other forest policy and program assessments
(Cheng et al., 2016; Cheng & Randall-Parker, 2017).
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Assessment Results

Rules, Structures, and Processes Governing WRRG Decision-Making

Five provisions comprise the statute establishing the WRRG program: eligibility
requirements, advisory committee makeup, matching funds, capacity building, and
monitoring. First, eligibility guidelines for the WRRG program were explicitly crafted
by legislators to induce collaborative participation among property owners in fire-
prone landscapes. In this way, the program was designed to coordinate risk reduction
actions across multiple landownerships in a sufficiently large geographic area so as
to modify wildfire behavior and impacts. Individual homeowners were not eligible to
apply. Instead, home or property owners associations, local fire protection districts
(special taxing districts in unincorporated, often rural areas, charged with providing
fire protection and response), local or regional non-governmental organizations, and
local governments were encouraged to develop projects that included multiple adja-
cent property owners for maximum effect. The grant application asked for informa-
tion about the number of homeowners and other community partners committed to
participating and requested signed letters to confirm their intent. Not only were these
eligibility requirements intended to be consistent with scientific understanding about
wildfire, they were also intended to create new opportunities for neighboring prop-
erty owners to develop relationships, build trust, and share knowledge about wildfire
risk reduction practices.

Second, anticipating a competitive process, the developers of the WRRG program
worked to ensure broad review by diverse stakeholders. According to the authoriz-
ing law, the Advisory Committee must contain representatives from: a local research
university, the Department of Natural Resources, the Department of Public Safety,
Colorado State Forest Service, a local municipality with jurisdiction in a fire-prone
community, a federal land management agency, the forest products industry, the bio-
mass energy industry, a nonprofit collaborative group involved in the mitigation of
wildfire, and an organization with expertise in water. The Advisory Committee was
charged with reviewing and ranking applications, debating the merits of conflicting
policy priorities relative to the applications, and selecting awardees. The representa-
tives from federal and state agencies were also experienced in administering other
grant programs addressing forest health, natural hazard planning, and water conser-
vation. In this way, the authorizing law implicitly regarded the Advisory Committee
to be the central governing body for the grant program; the Committee was also
responsible for obtaining monitoring results and considering potential programmatic
changes as appropriate. An underlying vision for the WRRG Advisory Committee was
that each committee member represented a particular stakeholder group, thereby
integrating the perspective of that group into the allocation of awards, and also
implicitly assuming a level of stakeholder ownership in addressing the wildfire risk
co-management challenges facing communities.

Third, the WRRG requires each application to demonstrate a one-to-one finan-
cial match, thereby doubling the impact of WRRG funds. Beyond stretching limited
public dollars, matching funds has long been a staple of state government grants.
Indeed, the 1:1 matching funds requirement was a powerful political tool for building
legislative support when the program was initially up for a vote. In-kind contributions
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counted toward the match. Several state legislators were persuaded to vote in favor of
the new program, knowing that participants would have financial incentives to follow
through on their intended fuel reduction activities.

Fourth, the WRRG included explicit attention to longer term risk reduction strate-
gies. While some communities in the WUI need support to reduce fuels in and around
homes and common spaces (e.g., property association common areas, county open
space and parks), others may be better served over the long term through building
their physical infrastructure capacity to better maintain landscape health. For exam-
ple, if a poorly resourced county were able to purchase the equipment to cut trees
or process residual woody material, it is possible that hundreds of homeowners in
that area would have access to the machinery over many years. In this way, a single
grant award could potentially create lasting improvements to landscape-scale fire risk
conditions and build long-term community engagement. With this in mind, up to
25% of total grant dollars were specifically allocated to “capacity building” grants.
Communities used those funds to invest in equipment and equipment utilization pro-
grams that outlived the grant period, and potentially enhanced their ability to reduce
risk over a longer time frame.

Fifth, the WRRG directs up to 5% of annual program funding to assess the pro-
gram's effectiveness on reducing fuel hazard and risk exposure. The emphasis on
measuring effectiveness derived from concern among state legislators that taxpayer
funds be applied to achieve a positive return on public investments. The Colorado
DNR entered into a cooperative agreement with the Colorado Forest Restoration
Institute (CFRI) at Colorado State University to develop and implement an effective-
ness monitoring strategy for the WRRG. The CFRI's effectiveness monitoring strat-
egy applied field measurements of vegetation immediately prior to and 1 year after
fuel reduction activities, quantified changes in fuel quantity and arrangement, and
predicted changes in fire behavior metrics using available computer fire behavior
modeling (Reinhardt, Keane, Calkin, & Cohen, 2008). Model outputs include met-
rics for surface fireline intensity (measured as the energy output of a predicted fire
given the fuel quantity and arrangement), rate of fire spread, and crown fire potential
(Scott & Burgan, 2005; Scott & Reinhardt, 2001). Effectiveness monitoring results
were intended to be used by the Advisory Committee to determine if adjustments to
the grant program would be necessary over time.

Between 2013 and 2017, the WRRG program's administration and decision mak-
ing was overseen by the office of the DNR's Assistant Director for Parks, Wildlife,
and Lands. In 2017, the Colorado General Assembly authorized the Colorado State
Forest Service (CSFS) to take over WRRG administration and transferred the pro-
gram's funding source away from the state's general taxpayer fund to the more volatile
Severance Tax fund derived from oil and gas development. The Severance Tax lacked
sufficient funds in 2017 and 2018 and, therefore, no WRRG grants were awarded
during this timeframe.

The grant-making process typically began in late May or early June, when the state's
budget was approved and funding levels were known with certainty. The office of the
DNR's Assistant Director for Parks, Wildlife, and Lands would initiate proceedings
by convening the Advisory Committee via email and in face-to-face meetings to dis-
cuss available funding and develop, modify, and finalize the request for proposals.
After the first year of implementation, the Advisory Committee would also receive
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presentations of effectiveness monitoring results from CFRI and discuss whether, and
to what extent, the request for proposals should be modified.

Once finalized by the committee, the request for proposals and WRRG informa-
tional materials would be sent electronically to an exhaustive list composed of grant
submitters for other federal and state fire assistance grant programs administered by
the Colorado State Forest Service, state liaisons from county and municipal govern-
ments, fire protection districts, and coordinators for community-based collaborative
forestry and wildfire risk reduction groups. Proposal submitters would have 4 weeks
to submit a proposal according to grant application instructions. Once that deadline
had passed, the Advisory Committee had 4 weeks to review and rate proposals, with
awards to be allocated in another 3 to 4 weeks. Proposals were scored on five cri-
teria: budget justification (10 points); project description, objectives, and strategic
value (50 points); scientific foundations and linkage to project practices (10 points);
biomass utilization plan (10 points); and partners and supporters, including “hard
match” of funds beyond in-kind contributions (10 points). A separate scoring system
was used for applications for purchasing equipment using similar criteria. After DNR
staff compiled committee members’ scores and rank-ordered proposals from highest
to lowest average score, the Advisory Committee met face-to-face to understand one
anothers’ rationale for scoring, consider changes to the initial rank-order, define the
cut-off for proposals to be funded, and decide on funding amounts for proposals
making the cut.

Awardees typically received their notice by late August and were given up to 2 years
to complete the project. Once awarded, grantees would be required to submit invoices
quarterly, submit annual project progress and budget reports, and agree to site visits
and field data collection by CFRI prior to and after fuel reduction actions. Final per-
formance and financial reports would be due to the DNR to receive final grant dis-
bursements. CFRI would produce and disseminate pre- vs. post-fuel reduction final
results for surface fireline intensity, rate of fire spread, and crown fire potential.

WRRG Applications and Awards by Organization Types

Atotal of 201 applications were received across all five grant cycles. Of these, 133 grants
totaling $13,183,575 were awarded to 126 distinct organizations across all five grant
cycles between 2013 and 2016. Grant award sizes ranged from $2,400 to $1,754,298,
with 23 organizations receiving multiple grants over the five grant cycles. Over half of
the projects received less than $50,000 (see F igure 1). Given a conservative estimate of
$1,000 per acre to thin forest vegetation, these projects may treat up to about 50 acres.
On the other end of the distribution, 10% of awards exceeded $200,000.

The distribution of WRRG program applications and funding by organizational
type is shown in Table 1. Of the 133 awards, over half of the total funding went to
two categories of actors: (1) local governments, including both municipal and county
level units; and (2) non-governmental organizations. Fire protection districts, home/
property owner associations, state governments, and other entities not classifiable
into these categories comprised the remainder of awardees. The overall applica-
tion success rate was 66% across grant cycles. Despite being awarded a lower overall
amount, non-governmental organizations had the highest success rate at 78%; local
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Figure 1. Frequency Distribution of Total Allocated Funds, Cycles 1-5

governments and home/property owners associations experienced success rates of 69
and 67%, respectively.

The breakdown of total award amounts reveals additional patterns. Over half
(55%) of awards and 72% of the funds went to non-governmental organizations and
local governments. These two organizational types also had the highest average award
sizes. Four grantees accounted for 9% of awards (12 out of 133 awards) and 43% of
awarded funds: one county received over 20% of awarded funds ($2.8 million), while
three local non-governmental organizations accounted for 23% of awarded funds ($3
million). During the WRRG Advisory Committee deliberations, committee members
with grant administration experience identified these grantees as being high capacity
in terms of available human and financial resources compared to other applicants,
and have been successful in procuring other grants for forest health, natural hazards
planning, and water conservation. Fire protection districts, home/property owners
associations, state government agencies, and other organizations received smaller
percentages of total awards, with none exceeding 10%. Table 2 illustrates the ways in
which awards varied across the five grant cycles. Applications from home/property
owners associations steadily decreased over time, while applications from fire protec-
tion districts, local governments, state government agencies, and other organizations
varied from cycle to cycle. Applications from non-governmental organizations rose
slightly and then remained constant.

Effectiveness Monitoring Strategy and Outcomes—For this unit of analysis, we drew on
results presented in periodic effectiveness monitoring summary reports by CFRI to the
Advisory Committee between 2014 and 2016, and in the final report in 2019 (Morici
et al,, 2019). The final report provided a comprehensive summary and detailed
analysis of the extent to which the grantees’ accomplishments and performance
reduced fire hazards. Technical details regarding sampling, measurements, and fire
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Table 2. Number of WRRG Grant Applications by Organization Type and Grant Cycle

Organization Type Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Total

Fire protection 12 5 6 5 9 37
district

Homeowner/property 14 12 11 6 5 48
association

Municipal/county 14 8 14 8 7 51
government

Non-governmental 9 9 9 11 12 50
organization

State government 1 2 1 0 1 5

Other 5 3 1 1 10

Total 55 39 41 31 35 201

Table 3. Summary of WRRG Grantees' Self-Reported Accomplishments for Award Amount, Actual
Acres Treated versus Proposed Acres to be Treated, Cost Per Acre Treated, Biomass Removed, Revenue
Generated, and Jobs Provided, FY13-17 Reporting Periods

No. of
Grantees
Accomplishment Reporting Total Amount Average Std. Deviation Range
Amount awarded 133 $13,183,575 $89,137 $141,309 $2,400-$1.75
million
Proposed acres to be 89 23,769 acres 423 acres 413 acres 5-2,830 acres
treated
Actual acres treated 89 16,806 acres 191 acres 414 acres 6-2,551 acres
Cost per acre 94 n/a $1,486 $1,907 $10-$7,500
Biomass removed (in 42 255,602 yds 6,086 yds 16,091 yds 3-80,000 yds
cubic yards)
Biomass removed (in 32 35,798 tons 1,119 tons 2,145 tons 14-10,575 tons
tons)
Revenue generated 20 $497,734 $26,197 $40,638 $200-$150,000
Jobs provided 61 666.75 11 persons 9.5 persons 0.25-29 persons

behavior computer simulation modeling were used to develop report conclusions.
Pre- and post-treatment monitoring field data collection and analysis were performed
for 21 out of the WRRG's 102 fuel reduction projects. All 21 monitored projects were
from the first two rounds of the program, in 2013 and 2014, when a total of 48 fuel
reduction projects were selected. Additionally, grantees' self-reported accomplishment
data submitted to the DNR was compiled by CFRI for all projects from 2014 to 2017
reporting periods, including information about actual acres treated, costs per acre,
woody biomass removed, and jobs provided (Table 3).

Three primary findings emerge from this analysis. First, across all monitored proj-
ects, the potential for crown fire measurably decreased. Crown fires are those that
spread from the surface into and across tree canopies during forest fires. Under
severe weather and fuel moisture conditions, crown fires can spread rapidly; create
extreme fire behavior that resists control by firefighters; and send ember showers
ahead of the flaming front, thereby igniting spot fires that can expand fire size and
suppression difficulty. Prior to WRRG-funded treatments, 80% of projects were sus-
ceptible to crown fire under severe fire weather and fuel conditions; the remaining
projects had lower susceptibility. After treatments, 36% of project areas were suscep-
tible to crown fire.

Second, surface fuels (the live and dead vegetation materials on the ground sur-
face) and modeled surface fire behavior metrics for many monitored projects either
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did not change or actually increased as a result of fuel reduction treatments. In large
part, this pattern is attributable to the lack of economic value for the woody materials
from these projects. As such, the most economically efficient strategy is to leave woody
materials on the ground after the trees have been cut. The consequences of this
strategy are that, for a majority of projects, flammable materials were redistributed
from tree crowns to the surface; in this way, both the volume and spatial coverage of
this surface material were increased. Unless this material will eventually be removed
either through prescribed burning (fires intentionally ignited and managed by fire
managers) or mechanical means, potentially negative ecological and social effects
are likely to increase (Hoffman, Collins, & Battaglia, 2018; Kalies & Yocum Kent,
2016; Kreye et al., 2014; Martinson & Omi, 2013). Due to the close proximity of all
WRRG projects to human populations and housing developments, prescribed burn-
ing is rarely utilized because of societal concerns about the potential for escape, lack
of sufficient human and technical resources, and air quality regulatory constraints
(Schultz et al., 2018).

Third, from the grantees’ self-reported accomplishments, the average number of
acres treated across WRRG grantees was 191 acres (approximately 77 hectares) at an
average cost across projects of $1,486/acre (71% and 67% of grantees reported these
data, respectively). A smaller proportion of grantees, about 32%, self-reported data
on woody biomass removed, indicating that most projects left woody biomass onsite.
The standard deviations were very large for all reporting categories, indicating wide
variation across projects.

Interpretation and Discussion

When examining the data and information compiled from the WRRG program
against the four categories of adaptive governance, we uncovered both the presence
and absence of adaptive governance best practices. Table 4 summarizes the relation-
ship between WRRG program features and adaptive governance attributes.

Inclusive Participation and Collaboration

Analysis of data and information about the Advisory Committee, the grant applicants,
and the grant awardees suggests that there is a moderate level of inclusivity in par-
ticipation and collaboration in the WRRG program. As the facilitator and an active
participant on the WRRG Advisory Committee, we experienced how the diversity of
perspectives about expected WRRG program outcomes allowed for ongoing review
and reflection among Committee members of what worked well and what needed
adjustment. In particular, we observed and participated in Committee discussions
about competing program priorities during the application scoring process allowed
for the consideration of ecological, social, economic, and political factors. We also
participated in Committee deliberations concerning the results from the effectiveness
monitoring program and grantee progress reports. Committee members reported
feedback from their professional networks about the benefits and challenges of the
WRRG program. The integration of multiple sources of information with committee
members' experiential knowledge and expertise created conditions for meaningful
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Table 4. WRRG Program Features and Their Relationship to Adaptive Governance Attributes

WRRG Program
Feature

Description

Connection to Adaptive Governance
Attributes

Eligibility
requirements

Advisory
committee

Matching funds

Capacity building

Monitoring

Proposals only accepted from neighborhood as-
sociations, fire protection districts, commu-
nity-based non-governmental organizations,
and local government entities

Composed of representatives from ten different
stakeholder groups and vested with authority
to review and recommend applications for
funding, and to adapt the WRRG program
requirements

1:1 match requirement (in-kind match
permitted)

Allocated up to 25% total grant funds to equip-
ment procurement that would contribute to
longer-term risk reduction

Third-party fuel treatment effectiveness moni-
toring and annual project accomplishment
reporting

Incentivizes inclusive participation and
collaboration across landownerships and
jurisdictions

Fostered cross-scale interactions between in-
dividual property owners via intermediary
organizations, and between intermediary
organizations and state government

Induced participation and collaboration
among diverse interests

Created a venue and process for co-produc-
ing knowledge and learning from moni-
toring results and program participant
feedback

Fostered cross-scale interactions through
professional networks at local level

Demonstrated capacity to be flexible and
innovate in response to monitoring results
and program participant feedback

Incentivized broader participation and col-
laboration within communities served

Limited the scale of risk reduction impact
by lower capacity applicants compared to
higher capacity applicants; enhanced the
capacity of applicants already possessing
substantial human and financial resources

May have increased the scale of risk reduction
impact by having applicants operate their
own fuel reduction equipment, rather than
hiring a contractor

Did not alter the economic barriers to utiliz-
ing woody by-products or create additional
markets

Produced results and information useful to
the Advisory Committee to adapt program
requirements

Produced results and information useful to
grantees to define measurable objectives
and develop deeper understanding about
wildfire hazard and risk management
strategies

feedback loops and programmatic learning (Berkes, 2009; Pahl-Wostl, 2009; Pahl-
Wostl & Hare, 2004).
Regarding the diversity and inclusivity of grant applicants and awardees, our

assessment elucidates several trends that mirror those of the Advisory Committee.
Foremost, when considering organizational types, geographic areas, and community
sizes, the assessment data suggest that the WRRG has supported a broad diversity
of organizations working across landownerships and at different spatial scales. The
requirement that all proposals include support letters from government and non-gov-
ernmental entities also ensured a degree of communication and coordination within
the community that would benefit from WRRG funding. During the WRRG Advisory
Committee's review of the proposals, we found that the preponderance of letters of
support was not drafted from a template, but was original, specific, and descriptive.
It is possible that many support letters were merely perfunctory to meet a proposal's
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minimum requirement; additional research is needed to investigate the extent to
which support letter contributors actually met their intended commitments to sup-
port project implementation and completion.

However, even though participation across smaller community-based organizations
and larger entities was fairly similar as a percentage of total applications, the distri-
bution of awards was skewed toward the latter organizational types. A primary reason
for this is that applicants with known financial and human resources were generally
from higher resource organizations, higher population communities, and economi-
cally developed areas of the state. Knowledge of these applicants came from WRRG
Committee members with prior experience and interaction with these applicants in
other competitive granting programs. Those applications featured complex, scientif-
ically based, and often spatially plotted proposals, and included detailed budgets and
specific timelines for action. Applications from lower income communities and areas
of the state were often incomplete, offered unrealistic plans of action, and failed to
integrate data that would support their proposed treatments.

The Committee struggled to distribute award funds state-wide, and became con-
cerned that award allocation would serve to validate existing capacity discrepancies
and institutionalize an inherent bias against low-resource applicants and communi-
ties. Efforts were made to deploy grant-writing assistance for communities in need,
but outreach was difficult and the problem remained troubling. This may, in part,
explain the decline in applications from, and subsequent awards to, smaller com-
munity-based entities. The disproportionate distribution of WRRG awards to high-ca-
pacity organizations mirrors findings from competitive grant program assessments
from other public management sectors, such as community economic development
(Collins & Gerber, 2008), community food production (Tanaka, Indiano, Soley, &
Mooney, 2015), and public education (Manna & Ryan, 2011). This structural bias
limits participation and collaboration, and affects the contribution of competitive
grant programs in the adaptive governance of forest wildfire risk in particular, and
of broader domains of social-ecological systems in general. A potential strategy to
address this mitigation is to establish and sustain a capacity-building program parallel
to the grant program that can support lower-resource organizations and communities
as they participate more fully and effectively.

Co-producing Knowledge and Learning

The statutory provision requiring an effectiveness monitoring strategy had observable
effects on the adaptability of the WRRG program. For example, when results from the
effectiveness monitoring of the early WRRG projects showed that grantees had suf-
ficiently reduced crown fire potential but were increasing surface fuel, the Advisory
Committee adjusted subsequent proposal guidelines and scoring criteria to require
future applicants to identify their plan to reduce or remove surface fuel. The effec-
tiveness monitoring strategy also fostered learning by WRRG beneficiaries, especially
private forest landowners. During pre- and post-treatment monitoring site visits, the
CFRI field crew had opportunities to communicate face-to-face with landowners and
other community-based partners about what results of monitoring data analysis might
mean in terms of their own dynamic wildfire risk.
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In this regard, the monitoring strategy effectively served as the WRRG's outreach
and social learning strategy, with CFRI serving as a boundary-spanning bridging
organization—a critical attribute for adaptive governance (Berkes, 2009; Crona &
Parker, 2012; Mollinga, 2010). Indeed, the role of university-based programs serv-
ing as boundary-spanning bridging organizations in natural resource and wildfire
risk management education is well documented (Cash, 2001; Kocher et al., 2012).
However, the expansion of university-based entities to perform third-party effective-
ness monitoring of resource management actions is a fairly recent development in
the governance of social-ecological systems, especially in forest restoration and wild-
fire risk reduction contexts (Cheng, Gerlak, Dale, & Mattor, 2015; Davis, Belote,
Williamson, Larson, & Esch, 2015; Schultz, Coehlo, & Beam, 2014). In the face of
well-documented institutional barriers and disincentives to supporting effectiveness
monitoring (Biber, 2011; Schultz & Nie, 2012; Susskind, Comacho, & Schenk, 2012),
the WRRG marks an important policy innovation to support knowledge, learning, and
adaptive governance.

While the structure and functioning of the WRRG program enabled learning, the
focus was primarily on “single-loop” learning, in contrast to “double-loop” learning
(Argyris, 1976; Argyris & Schon, 1978; Pahl-Wostl, 2009). Single-loop learning answers
the question, “Did the intervention work?” In the context of the WRRG, the WRRG’s
effectiveness monitoring program clearly fostered single-loop learning. Double-loop
learning answers the question, “Are the goals, cause-and-effect mental models, and
assumptions upon which the interventions are based correct?” In the context of for-
est wildfire risk reduction, double-loop learning seeks to question whether wildfire
risk reduction is a desirable and feasible goal in the first place. We did not observe
active double-loop learning in the WRRG program. The goals and cause-and-effect
assumptions about the general effectiveness of fuel reduction actions were generally
taken for granted, especially given the heavy focus of high-profile programs, such as
Firewise Communities/USA, on reducing fuel in close geographic proximity to built
infrastructure (Abatzoglou & Williams, 2016).

However, a mismatch between the spatial scale of fuel treatment and the spatial
and temporal scales at which wildfires can occur has been suggested by some wild-
land fire researchers (Barnett, Parks, Miller, & Naughton, 2016). Many landscape and
biogeographic ecologists have long contended that climatic forcings are the primary
drivers of increased wildfire risk across large spatial and long temporal scales, not for-
est vegetation accumulation (Baker, Veblen, & Sherriff, 2007; Hessburg et al., 2019;
Schoennagel, Veblen, & Romme, 2004; Stevens-Rumann et al., 2018). Furthermore,
in the face of fires that spread under severe weather and fuel conditions (hot, windy,
and dry), small treatments may have limited effect on slowing spread rates or reduc-
ing intensity (Finney, 2001; Graham, 2003; Kennedy & Johnson, 2014). Hence, the
window of fire weather and fuel conditions under which smaller WUI-adjacent fuel
treatments may be effective are likely limited to more moderate conditions. While
social learning is well postulated as a critical attribute of adaptive governance of
social-ecological systems (Berkes, 2009; Fazey et al., 2007; Pahl-Wostl, 2009), ques-
tioning cause-and-effect assumptions and reframing expectations of effectiveness can
surface resistance and conflict, the effects of which can be mitigated through strong
leadership and well-facilitated learning (Daniels & Walker, 2001).
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Cross-Scale Interactions and Scale Matching

Our assessment results reveal three scaling themes that have implications for the
WRRG program’s capacity for adaptive governance. The first is the large variation in
the scale of fuel reduction actions across grantees, both in terms of size of treatments
and the amount of biomass removed. While scientific understanding about the effects
of fuel treatment size on reducing wildfire risk is still evolving (Kalies & Yocum Kent,
2016), the existing status of knowledge suggests that smaller treatments sizes have
limited effects on reducing wildfire risk because the probability of a fire encountering
a treatment decreases as treatment size decreases (Barnett et al., 2016).

The variations in treatment size and effectiveness are directly connected to a sec-
ond scaling theme: the variation in the level of grantees’ capacity. Governmental and
non-governmental organizations with the existing capacity to successfully procure
and manage large grants and, therefore, to complete larger-scale projects, were able
to achieve a higher impact on reducing wildfire risk to the communities they serve
compared to those with limited organizational capacity. Indeed, when we examine
the distribution of funds across awards by organizational type, we see that a large
percentage of total funding (72%, Table 1) went to two organizational types: local gov-
ernment agencies and non-government organizations; four individual organizations
received fully 43% of the awarded funds. Hence, only a very small number of orga-
nizations within the state had sufficient capacity to develop detailed, data-rich appli-
cations that contained sufficient information to be scored highly by the Committee.
Even fewer had the capacity to implement projects at a spatial scale sufficient to effect
fire behavior, administer large amounts of funding, and come up with the 1:1 match
requirement.

In this way, the WRRG in particular, and possibly competitive grant programs in
general, institutionalize scale mismatches in wildfire risk reduction. From a policy
design standpoint, the WRRG program’s 1:1 match requirement can be implicated.
On the one hand, the requirement was a tangible expression of the underlying intent
of the WRRG program: grant recipients must invest their own financial, technical, and
human resources to receive state funding as an expression of partnership in co-man-
aging wildfire risk. On the other hand, for many small communities and organizations
without large funding streams (e.g., fire protection districts and home/property own-
ers associations), the match requirement was a defining—and limiting—factor affect-
ing the frequency and size of grants for which they applied. This may also explain in
part the decreasing number of applications from home/property owner associations
and the relatively low number of applications from fire protection districts; these
organizations operate with few financial resources that could serve as a match.

This situation has created a governance quandary for the WRRG program and
has been uncovered in competitive grant programs from other public management
sectors, such as community development (Collins & Gerber, 2008), community food
security (Tanaka etal., 2015), and public education (Manna & Ryan, 2011; Nicholson-
Crotty & Staley, 2012). The quandary can be summarized in this way: the capacity
of successful applicants begets more capacity through large funding awards, thereby
creating a positive cycle for enhancing the capacity of these already-high capacity-
organizations, but potentially leaving low-capacity organizations and communities
with fewer resources to engage in wildfire risk co-management over time. While the
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1:1 match is a logical requirement to ensure communities have “skin in the game,”
it may create a “pay to play” dynamic that has not received sufficient attention in the
social-ecological systems governance literature.

Given that the WRRG’s explicit intent is to immediately reduce exposure of highly
valued resources and assets to wildfire, then funding a large number of small-scale
projects may have little to no effect on fire behavior should the fire escape initial con-
tainment (Calkin et al., 2014). In this view, participation in wildfire risk governance
and management through the WRRG program is fairly exclusive to higher-capacity
organizations and communities. However, for many of the applicants, the WRRG
funds were proposed to be used as a starting point for engaging property owners who
may have been aware of the need to co-manage wildfire risk on their property and
across properties in their community, but had yet to take action. In this way, the WRRG
program was as much about building the social capacities for community-level collec-
tive action in order to increase participation over time and across the state. Moreover,
the Committee had to bear in mind that, in order for the WRRG to receive continued
political and, therefore, financial support, legislators had to be made aware of the
benefits the program was delivering to their districts. The Committee, therefore, had
an incentive to distribute awards broadly, touching as many counties as possible.

The third scaling theme from our assessment was that the inherent nature of
WRRG as a competitive grant program structured a set of multi-level interactions
between: (1) actors that governed policy and funding decision-making, (2) intermedi-
ary organizations that secured funding and administered projects, and (3) actors that
carried out the work and were affected by wildfire risk. The grant application process
and the effectiveness monitoring strategy were primary pathways for communication
and learning across these levels of social organization. Additionally, the DNR's WRRG
program administrative team and the Advisory Committee communicated results and
needs, and were accountable to the state legislature.

That the WRRG program fostered interactions among multiple levels of authority
and scales of activity across 133 projects is evidence of strong adaptive governance
potential, and signals opportunities for further research into, and development of,
competitive grant programs in general as a social-ecological systems risk reduction
governance strategy. In the area of wildfire risk reduction across landownerships,
competitive grant programs are growing in number and have the potential to induce
large numbers of actors to engage in cooperative, collective action to reduce their
vulnerability. The explicit multi-level structures and interactions of such programs
can clearly link local-level cooperative, collective actions and outcomes to higher-level
institutions and policy structures. Such linkages have been widely espoused as essen-
tial features of adaptive governance of social-ecological systems, but are often difficult
to empirically investigate due to the opacity of higherlevel institutions and policy
structures (Adger et al., 2006; Ahrens & Rudolph, 2006; Djalante et al., 2011; Pahl-
Wostl, 2009). Our WRRG case study sheds insight on these multi-scalar dynamics and
how they affect the adaptiveness of an important form of governance.

Capacity for Innovation and Re-organization

The law establishing the WRRG program provided the DNR administrators and the
Advisory Committee with discretion over defining grant proposal parameters and the
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criteria for proposal evaluation and selection. Within this discretionary space, the
Advisory Committee was able to make quick decisions to change proposal parameters
regarding biomass removal and disposal, based on the program’s first year of effec-
tiveness monitoring results. Additionally, the Advisory Committee had the flexibility
to select projects that may not have ranked as high as others in terms of their potential
short-term risk reduction impacts, but were recognized as contributing to long-term
social capacity building within a low-resource community. In this way, the WRRG's gov-
ernance accounted for both ecological and social factors, and was able to act nimbly
to change approaches.

Despite these features, two economic factors and one political factor affected the
WRRG program's capacity to innovate and re-organize. The first economic factor is
the low value of woody materials from fuel reduction coupled with the high cost of
removing these materials (Becker et al., 2011); the average WRRG project cost of
$1,486 per acre corresponded to national averages for forest fuel reduction projects
(Evans & Finkral, 2009), but without a market for woody material those costs were
not sufficiently offset through revenue-generating timber sales. Given limited budgets
for fuel reduction, especially on non-federal and private lands, the scale and scope of
future WRRG projects are unlikely to significantly change, unless there are structural
changes that open new commercial opportunities for using woody materials. Federal
and state policies and programs attempting to increase these commercial opportuni-
ties have had limited effect.

The second economic factor is that, by moving the state funding source for the
WRRG from the taxpayer-supported general fund to the oil and gas Severance Tax
fund, the WRRG’s available budgets were vulnerable to more volatile market forces.
This is evidenced by the lack of available funds in 2017 and 2018 due to a downturn in
oil and gas development in Colorado. This vulnerability can be reduced only through
actions by the state legislature to change the state funding source back to the general
fund—a prospect that, as of this writing, is remote. While it is obvious that economic
factors can either facilitate or frustrate adaptive governance (Folke, 2007; Olsson etal.,
2004), the challenge facing adaptive governance scholarship and practice is to more
explicitly account for ways in which local-scale, cooperative governance arrangements
interact with complex multi-scalar economic systems as potential change agents.

The political factor affecting the adaptive governance of the WRRG in particular,
and wildfire risk in general, emerged in 2017, when the Colorado General Assembly
enacted a statute to move the WRRG program administration out of the DNR, which is
housed within the executive branch of state government and physically proximate to
the state capitol, and into the Colorado State Forest Service (CSFS), which is housed
at Colorado State University and physically distant from the state capitol. The statute
also combined the WRRG with another state-funded competitive grant program to
fund fuel reduction and forest improvement projects on non-federal lands. While the
CSFS has abundant experience in administering State Fire Assistance and other com-
petitive grants, it has limited capacity to inform and influence state and federal policy
compared to the DNR, given its position and standing within the broader governance
domain of state government.

The adaptive governance literature refers to the concept of “polycentricity” to
describe multiple centers of semi-autonomous decision-making, power, and authority
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over a public policy domain that can both promote or hinder the adaptiveness of
a governance arrangement (Folke et al., 2005; Ostrom, 1998). On this latter point,
the relative position and power of entities within a polycentric governance system
can have profound effects on governance adaptiveness and intended effectiveness
(Carlisle & Gruby, 2018; Wyborn, 2015b). The transfer and consolidation of the
WRRG from one decision-making center to another may limit the political visibility of
the program in both the executive and legislative branches of state government, and
may lead to the loss of policy champions who could advocate on behalf of the pro-
gram during state budget appropriations negotiations. Given the central importance
of funding allocation decision-making in a governance system, longitudinal research
is needed on the changing positioning and power of different entities as governance
arrangements shift.

Conclusion

Competitive grant programs have emerged as one policy tool in the governance
toolbox to induce pro-active, collaborative management of climate-induced risks to
social-ecological systems, such as forest wildfire risk. At a basic level, increasing finan-
cial resources is necessary to overcome barriers to participation and collaborative
engagement and action. In this regard, the WRRG made strides toward achieving this
policy goal. The WRRG also provides a model for how to deeply integrate effectiveness
monitoring into governance. However, simply throwing money at the problem may
not equate to reduced wildfire risk exposure or improvements in intended social and
environmental outcomes. Inequities in community capacity, governance quandaries,
scale mismatches, and changes in institutional positioning and power may conspire to
limit governance adaptiveness and effectiveness.

The prospect of increased frequency, size, and severity of wildfires is challenging
the adaptiveness of long-standing governance approaches and is spurring new gover-
nance arrangements that emphasize pro-active, collaborative actions involving govern-
ment, non-government, and community-based organizations. Ensuring that these new
arrangements are sufficiently adaptive to anticipate and respond to uncertain future
wildfire risks requires critical assessment and reflection. While questioning long-held
assumptions about the effectiveness of approaches to risk reduction can be challeng-
ing and face resistance, it is also necessary in order to set realistic societal expectations
about the benefits and limitations of such actions, policies, and programs.
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