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Abstract: Prescribed burning by Indigenous people was once ubiquitous throughout California.
Settler colonialism brought immense investments in fire suppression by the United States Forest
Service and the California Department of Forestry and Fire Prevention (CAL FIRE) to protect timber
and structures, effectively limiting prescribed burning in California. Despite this, fire-dependent
American Indian communities such as the Karuk and Yurok peoples, stalwartly advocate for ex-
panding prescribed burning as a part of their efforts to revitalize their culture and sovereignty. To
examine the political ecology of prescribed burning in Northern California, we coupled participant
observation of prescribed burning in Karuk and Yurok territories (2015–2019) with 75 surveys and
18 interviews with Indigenous and non-Indigenous fire managers to identify political structures
and material conditions that facilitate and constrain prescribed fire expansion. Managers report
that interagency partnerships have provided supplemental funding and personnel to enable burn-
ing, and that decentralized prescribed burn associations facilitate prescribed fire. However, land
dispossession and centralized state regulations undermine Indigenous and local fire governance.
Excessive investment in suppression and the underfunding of prescribed fire produces a scarcity
of personnel to implement and plan burns. Where Tribes and local communities have established
burning infrastructure, authorities should consider the devolution of decision-making and land
repatriation to accelerate prescribed fire expansion.

Keywords: prescribed fire; fire governance; fire suppression; Indigenous peoples; American Indians;
settler colonialism; tribal sovereignty; California

1. Introduction

In the last decade, wildfires in California and the American West have caused un-
precedented property destruction and human fatalities [1,2]. In response, federal and state
land and fire management agencies have embraced prescribed burning to reduce wildfire
intensity, rate of spread, and property destruction [3]. However, in the early 20th century
these agencies initiated fire exclusion and suppression policies to eliminate prescribed
burning by Indigenous peoples, ranchers, and timber companies to purportedly sustain
timber harvests [4–6]. The fire suppression infrastructure developed a command and
control culture akin to US military campaigns, and received large financial investments to
ensure the protection of timber and residential structures [7,8]. However, fire suppression
increased surface fuel loads and tree densities [9–11], contributing to amplified wildfire
size and severity, compounded by the effects of climate change [12–14]. Fire suppression
policies and investments remain persistent and constrain efforts to expand the pace and
scale of prescribed burning in California [15–17].

Indigenous prescribed burning, also described as cultural burning by Indigenous
leaders, supported the subsistence and cultural needs of families and small-scale societies
in what is now known as California [18]. These fires were set to to mitigate wildfire spread
and to improve gathering and hunting by maintaining ecological communities (e.g., oak
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woodlands and savannas), enhancing plant qualities for basketry, and reducing acorn
infestation [19]. Indigenous prescribed burning and fire stewardship remains connected
to generational systems of knowledge that are deeply grounded in spiritual practice [20].
Indigenous fire governance, in comparison to colonial fire governance, was decentral-
ized and occurred within circumscribed “firesheds” [21]. Colonial fire governance and
management was bolstered by a Western science philosophy historically aligned with
the timber industry [4,7] that fundamentally altered and misconstrued Indigenous fire
knowledge and practice in California [22–25]. Now, northern California fire managers,
residents, and Tribes, such as the Karuk and Yurok, are working toward expanding cultural
and prescribed burning to re-establish fire-adaptive behaviors and communities, and to
revitalize Indigenous culture and ecology [20,26–28].

Here, we use a political ecology framework [29,30] to examine how governance, land
tenure, resource distribution, and Indigenous cultural revitalization movements affect fire
policy and the re-introduction of cultural and prescribed burning in northern California.
Political ecology applies political-economic analyses to issues of environmental governance.
Political ecologies of fire have illuminated the ideological divides at the foundation of
colonial fire suppression and Indigenous prescribed burning worldwide [8,31–35]. In
California, Pyne [5,7,36], Simon [36], Norgaard [24,25], and Davis [37] have scrutinized
the effects of political economy on fire by showing how powerful timber and real estate
interests have dominated state land and fire politics to encourage residential sprawl and
fire suppression. As an example, Davis contrasts the state’s fire suppression largesse for
protecting large estates in Malibu, California, with the state’s austerity measures that
limit funding for fire code enforcement in urban tenements [37]. He also argues that the
construction of mansions in fire-prone areas and property owner opposition to prescribed
fire is associated with colonial hubris and manifest destiny.

Similarly, we ground our political ecology approach in the theory of settler colo-
nialism [38] and apply this framework, like Norgaard [24], to Indigenous and relatively
rural communities in California. Settler colonialism is a political structure that, through
occupation and genocide, has attempted to erase, dispossess, and disenfranchise Indige-
nous peoples in California of their land, culture, and political autonomy [24,39,40]. This
framework, alongside an examination of Tribal sovereignty, has been applied by Amer-
ican Indian scholars to analyze environmental and Indigenous governance throughout
North America [41–43]. Settler colonialism is inseparable from the capitalist project to
maximize individual and corporate profits through the commodification and exploitation
of land and human labor [38,44]. Furthermore, settler colonialism is justified through white
supremacist ideology, as European colonialism racializes Indigenous peoples as inferior
subjects [45,46]. The denigration and subjugation of Indigenous peoples and their cul-
tural practices parallels efforts to dominate and control other species, and fire, by colonial
scientists and foresters, to increase profits and state hegemony [4–6]. Therefore, settler
colonialism undergirds fire suppression policies worldwide [47,48], and American cultural
symbols, like Smokey Bear, reinforce a general fear and phobia toward fire amongst public
agency staff and the general public [8,49].

In contrast, Indigenous peoples of California are leaders in a movement to revitalize
cultural fire and their fire-dependent culture [20,50,51]. This longstanding commitment to
maintaining cultural fire is representative of a broader movement to revitalize Indigenous
culture and Tribal sovereignty in opposition to settler colonialism [52–57]. Indigenous
cultural revitalization movements are efforts to restore cultural practices grounded in world-
views of radical relationality and reciprocity with non-human species and the earth [58–62].
Indigenous worldviews contrast with anthropocentric colonial views that separate humans
from nature and seek to control and profit from other species [63–65]. With Indigenous
worldviews at their foundation, American Indian political movements have successfully
changed law and policy to support self-governance, and have pressured colonial govern-
ments to uphold Tribal sovereignty [66–68]. This has given Tribes opportunities to insert
and integrate their cultural objectives into forest and fire management [27,69–72].
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While efforts to reduce fuels and re-introduce cultural and prescribed fire have facili-
tated community and Indigenous engagement in decision-making and planning [27,73–76],
state agencies retain considerable regulatory power, which may undermine these efforts
to decentralize fire planning and restore fire to the landscape [77]. Furthermore, settler
colonialism privatized and nationalized the ancestral lands of Indigenous peoples making
their lands inaccessible to them. The partial devolution of decision-making without the
concurrent repatriation of land limits the ability of Indigenous peoples to conduct cultural
burns [78].

Meanwhile, Indigenous cultural burning practices have also been appropriated and
narrowly re-conceived by government agencies [79]. The primary goal of state-led pre-
scribed burning is to reduce fuel to protect settler colonial resources and infrastructure
(e.g., private estates and timber) from wildfire [80]. When fuel reduction is the primary
(or only) objective of prescribed burning, Indigenous and ecological objectives are com-
promised [23,26]. For example, to increase revenue, a private contractor in Karuk territory
destroyed ceremonial trees and trails in a Forest Service fuels reduction project [81,82].
Thus, when forest management is incentivized by profit, larger trees may be felled to
finance fuel reduction projects [81–84]. Furthermore, colonial government programs in
Australia that apply prescribed fire for biodiversity conservation and carbon sequestration
have been criticized by Indigenous communities for altering the frequency, and size of
prescribed fires, and for ignoring the spiritual and cultural systems that govern Indigenous
burning [85,86].

Here, we examine how settler colonial structures permeate prescribed fire policies
and management in California, and how Indigenous fire revitalization movements are
influencing prescribed and cultural fire expansion. Specifically, we use an anthropological
approach to evaluate participant observations from cultural fires led by Karuk and Yurok
fire managers, and surveys and interviews with fire managers from throughout northern
California. We use these data to answer two overarching questions: (1) How do settler
colonial fire policies constrain efforts to expand cultural and prescribed fire in northern
California? (2) What actions are facilitating the expansion of cultural and prescribed fire in
northern California?

1.1. Background
1.1.1. Prescribed Fire History

For millennia, California Indians intentionally set fires to reduce wildfire risks and
to sustain critical subsistence and cultural resources [18,87]. The Indigenous economy
depended on the frequent and widespread use of fire to enhance local resources [18], much
like other pre-industrial, non-capitalist societies worldwide [35,88].

The advent of US settler colonialism in California (~1849) wrought widespread geno-
cide and land dispossession that damaged Indigenous cultures [89–91]. Colonialism
established an economy based on intensive resource extraction that led to a fire suppres-
sion infrastructure [5]. Foresters trained in Germanic silviculture led efforts to increase
timber production across the United States [4,92]. Ethnocentrism ignored and denigrated
Indigenous applications of fire, and powerful foresters and timber companies believed
fire had to be eliminated from the landscape in order to encourage timber regeneration
and sustainable revenues [5,93–95]. The conversion of Indigenous lands to National Parks
and National Forests, as well as to commercial timber estates and ranches, also suppressed
Indigenous fire governance and practices [24,96–99]. This political-economic shift radically
changed the distribution of fire throughout California. Federal and California state agencies
reduced fire frequency and extent by 94% in the 20th century with industrial-scale fire
suppression [100].

Attempts to re-introduce prescribed fire in 20th century California met resistance from
powerful state actors [101,102]. However, beginning in the 1970s, some public land agencies
began to embrace prescribed fire as a tool to meet ecological restoration objectives [103].
By the 1990s the US Forest Service signaled that it would integrate prescribed fire into
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forest management [103]; however, fire managers continue to face major constraints to the
implementation of prescribed fires. A 2009 survey of managers found that major constraints
were: a narrow burn window (political and ecoclimatic conditions that limit prescribed
burning), environmental and air quality regulations, and a paucity of trained personnel
to conduct burns [104]. In response to these constraints, Tribes and non-governmental
organizations (NGOs) began to develop programs and advocate for political changes to
expand prescribed fire. For example, the Karuk and Yurok Tribes in the Mid-Klamath
watershed have initiated successful efforts to revitalize cultural burning [27,28,105,106]
by building polycentric (intergovernmental and interinstitutional) coalitions to manage
fire across complex jurisdictional boundaries [107,108]. These Tribes have used changes in
federal Indian law that require Tribal consultation [68,72,109], as well as changes in federal
fire policies, to put pressure on agencies to include Indigenous objectives in fire and land
management planning [26,69].

1.1.2. Fire Policies and Programs
The increased density of human settlements near fire-prone National Forests and

public lands has shifted fire suppression from a focus on protecting commercial timber
to defending residential communities [15,110,111]. Vacation properties and absentee land
ownership proliferated in the 20th century, and such property owners are less likely
to implement fuel reduction measures, including prescribed fire [112–115]. Potential
liability associated with the growth of subdivisions has also increased the complexity
of prescribed fire planning [116–119]. In response to wildfire property destruction, the
US Congress passed the Healthy Forests Restoration Act (HFRA) in 2003 to increase
hazardous fuel reduction activities, including prescribed burning, in the Wildland-Urban
Interface [120,121]. The HFRA and the FLAME act of 2009 increased fuel reduction on
National Forest lands, but treatments have not reached pre-colonial levels of fire frequency
and area in California [122,123].

In California, several state initiatives aim to support community-based fire planning
and restoration [124–126]. In 1993, the California Department of Forestry and Fire Pro-
tection (CAL FIRE) developed the California Fire Safe Council, which eventually became
an independent non-governmental organization (NGO) supporting community-based
Fire Safe Councils (FSCs) throughout the state [124]. FSCs typically educate community
members on defensible space, and also may conduct larger-scale fire planning and haz-
ardous fuel reduction [124,125]. In 2018, CAL FIRE also initiated the Forest Health Grant
Program using funds from the state cap-and-trade carbon market under the California Air
Resources Board (Assembly Bill 32) [126]. This program has funded prescribed fire projects
across multiple jurisdictions. These state frameworks, combined with federal projects
that incentivize multi-jurisdictional collaboration, are facilitating the development of local
efforts to expand prescribed fire.

The development of multi-jurisdictional collaborative fire restoration programs through
the US Department of Agriculture (USDA) increased opportunities for Tribes and com-
munities in northern California to initiate prescribed fire management plans by providing
unprecedented resources [108,127,128]. The Fire Learning Network (FLN), initiated as a
partnership between the Nature Conservancy (an NGO) and the USDA Forest Service in
2002, funds collaborative fire planning and prescribed fire TRaining EXchanges (TREX) to
increase community capacity for prescribed fire expansion [76,129]. In the Mid-Klamath
watershed of northwest California, the FLN has supported the coordination of the Western
Klamath Restoration Partnership (WKRP) led by the Karuk Tribe and the Orleans-Somes
Bar Fire Safe Council (OSBFSC) [105]. The WKRP is working to expand prescribed and
cultural burning within ancestral Karuk territory under the jurisdiction of the USDA Forest
Service. In 2018, the Partnership completed the NEPA review process on a pilot project
to burn ~2250 ha [130]. On the Yurok reservation, the FLN supports the Cultural Fire
Management Council (CFMC) that partners with the Yurok Tribal government and CAL
FIRE to expand cultural burning.
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2. Materials and Methods

From 2014–2019, we observed and participated in cultural and prescribed fire planning
and implementation in Karuk and Yurok Indian territories within the Klamath River water-
shed of northern California. The region has a Mediterranean climate, with wet winters and
dry summers. Annual average precipitation ranges from as low as 10 cm to >400 cm [131],
but generally decreases to the south and east, and increases with elevation [132]. Prescribed
burning in the region usually occurs during seasons of transition (dry-wet) when 10-h fuel
moistures are between ~7% and 15%, which is typically in spring and fall months [133].

The Yurok and Karuk Tribes are two of the most populous federally recognized Tribes
in California (currently 109 Tribes) [134,135], the Yurok with over 6000 members, and
the Karuk with ~3700 members and ~5000 descendants. In ancestral Karuk territory, the
federal government did not establish a reservation or ratify treaties, but unilaterally created
Forest Reserves—now the Klamath and Six Rivers National Forests—that occupy the
majority of their territory [98,136–138]. In ancestral Yurok territory, multiple overlapping
jurisdictions occur, including Redwood National Park [139], Six Rivers National Forest, and
the reservation established by the federal government [28]. The reservation is located along
a mile-long (1.6 km) buffer following the Klamath River from its estuary to ~80 km upriver
near the confluence of the Klamath-Trinity Rivers (~225 km2) [99]. However, 106 km2 (47%)
of the reservation is under private timber company ownership [140].

Observations of cultural and prescribed fire planning and decision-making in Karuk
territory occurred through the day-to-day responsibilities of B. Tripp as an employee of the
Karuk Tribe’s Department of Natural Resources. T. Marks-Block observed prescribed fire
planning at 13 Cultural Fire Management Council meetings and at prescribed fire training
exchanges. Participatory observations were conducted during prescribed burning at the
Yurok (2015–2019; n = 8) and Klamath (2016–2019; n = 4) prescribed fire training exchanges.
During these events, we discussed decisions made with fire managers and participants who
conducted burns. We also spoke with managers about specific prescribed burns conducted
by the USDA Forest Service on the Klamath and Six Rivers National Forests.

Participant observation in the Klamath watershed was supplemented with an online
survey and interviews that targeted northern California fire managers to expand the
sample with those working in other parts of the region. Surveys and interviews were
developed based on cultural and prescribed fire constraints observed in the Karuk and
Yurok territories. We used Qualtrics surveying software and distributed online surveys
in February–March, 2019, to 190 fire managers from 26 Northern California counties that
extended from the Oregon border to Marin, Sonoma, Napa, Solano, Sacramento, and El
Dorado counties to the south (136,318 km2). From the initial invitations to participate,
75 managers completed surveys or participated in interviews producing a response rate of
39%. Fire managers were employed by the USDA Forest Service, National Park Service,
Bureau of Land Management, US Fish and Wildlife Service, US Natural Resource and
Conservation Service, CAL FIRE, California Fire Safe Councils, and Tribes (Figure 1).
Managers are defined here as individuals who plan and supervise cultural and prescribed
burning as opposed to those who only conduct burns. Participant contact information was
collected from National Forest Schedule of Proposed Action reports and prescribed fire
announcements, as well as from agency or organizational databases, and directly from
regional fire managers for various agencies. This online survey included questions on
what actions facilitated the expansion in area and frequency of prescribed burns as well as
perceived constraints and what managers believed could materially or politically alleviate
constraints to prescribed burning (Survey Questions S1). Based on survey results, we
conducted and transcribed semi-structured interviews with 18 fire managers (six of which
worked for Tribes or Indigenous fire organizations). Participants indicated their interest in
an interview on their survey, or communicated their preference for an interview in place of
conducting the survey. To analyze these data, we generated descriptive statistics and used
a grounded theory approach to inductively code survey and interview responses [141].
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managers participated from 2016–2019.

We also collated reported data on Forest Service budget appropriations (2002–2020)
and full-time equivalent positions (2006–2020) from fiscal year budget justifications. Actual
appropriations and full-time equivalent positions for the ‘suppression,’ ‘preparedness,’
and ‘FLAME’ (2010–2020) categories were combined into a general fire suppression cate-
gory, and ‘hazardous fuels’ appropriations and full-time equivalent positions were placed
into a fuel reduction category. Although ‘preparedness’ is somewhat ambiguous, it is
distinguished from hazardous fuels, and the National Wildfire Coordinating Group def-
inition (https://www.nwcg.gov/term/glossary/preparedness accessed on 5 July 2021)
suggests that preparedness activities are associated with wildfire suppression activity. CAL
FIRE budget expenditures were collected from California Department of Forestry and Fire
Protection budget reports (2005–2021). The budget categories ‘fire control’, ‘cooperative
fire protection’ and ‘emergency fire suppression’ were combined into a fire suppression
category, and the budget categories ‘fire prevention’ and ‘resources protection and improve-
ment’ were combined into a ‘resource protection & fire prevention’ category. Although
these capacious categories are crude and cannot fully capture all state and federal expenses
associated with fire suppression or those associated with fuel reduction and prescribed
fire, they allow for a coarse comparison of budget priorities. Reported quantities were not
adjusted for inflation.

3. Results and Discussion

3.1. Wildfire Suppression and Underfunding Constrain Prescribed Fire Expansion
As a consequence of the devastating wildfires in northern California in 2017 and

2018, many surveyed managers sense that some prescribed fire policies and funding are
improving. However, wildfire suppression is also preventing managers from prescriptively
burning by reducing available personnel. In the survey, managers identified ‘wildfires
reducing available personnel’ as the top constraint limiting their ‘burn window’ or oppor-
tunity to burn (Figure 2). In northern California, burn conditions are often ideal when
southern California is experiencing wildfires, and personnel are requested to support in
suppression efforts. Surveyed managers observed that current budgetary incentives favor
sending personnel to wildfires instead of maintaining their availability for prescribed
burning within their home unit, a trend also observed by other scholars [16,142]. In an
interview one manager stated: “Quite often we have to be on stand-by because there is
a fire that doesn’t even exist. This is preventing us from burning”. Hence, in the fall
prescribed fire season, northern California prescribed fire teams are unable to burn because
agency leaders keep them available for suppression if a wildfire occurs elsewhere.

https://www.nwcg.gov/term/glossary/preparedness
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Figure 2. Top Three Burn Window Constraints. Fire managers were asked to rank the top three
constraints to their agency’s burn window. Responses were not weighted and were totaled. Other
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gered species, limited available contractors and specialists, and air quality permits.

Another major constraint surveyed managers recognized is an institutional culture
of risk aversion that developed over decades of implementing fire suppression policies
(Figure 2), despite a low (1.76%) rate of prescribed fire escape in California [17]. As one
interviewee shared, “[The] current forest supervisor comes from the old timber mindset
and has been known to be risk-averse to burning”. Interviewed managers say that amongst
some agency staff there is a perception that prescribed fires may destroy timber (revenue)
and adjacent houses (liability), which has made some uncomfortable or unfamiliar with
prescribed fire. Hence, lower-level managers are pulled in different directions by rhetoric
coming from the regional or national level that supports prescribed burning, and the
apprehension of national forest supervisors or CAL FIRE unit chiefs who must deal with
complex political realities. CAL FIRE, for example, only recently re-embraced prescribed
burning as an important strategy under the leadership of director Ken Pimlott (2010–2018).
As one CAL FIRE manager stated in an interview, “In the 2000s, when we got away from
large scale broadcast burns, we brought on a lot of firefighters, and many of those folks are
now battalion chiefs and leadership. So, they may not have participated in [prescribed fire]
projects”.

Examples observed from Karuk and Yurok territories reflect this risk-averse orien-
tation. The Humboldt-Del Norte CAL FIRE Unit revoked a permit for the Yurok TREX
in 2016 because they considered conditions to be too risky despite a recent rainfall event.
In 2017 and 2018, large wildfires in other areas prompted the USDA Forest Service and
CAL FIRE to shut down fall season prescribed burning throughout the state. In 2019, an
escaped prescribed fire (that did not destroy structures) in the El Dorado National Forest
in the Sierra Nevada prompted the Forest Service to suspend ignitions in other National
Forests in Region 5. This decision prevented the Klamath River TREX, organized by the
Karuk Tribe and the Orleans-Somes Bar Fire Safe Council (OSBFSC), from implementing
cultural burns for one week. These centralized decisions are especially demoralizing for
TREX because they convene volunteer fire professionals from around the world who are
working to increase their skills and qualifications for a 1–2 week period established months
in advance. Thus, to have permits revoked during excellent burning conditions has been
frustrating for participants and leaders who have invested considerable time and funds to
conduct cultural and prescribed burns. We observed that officials within state and federal
management agencies argue that allowing prescribed burns while wildfires burn elsewhere
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could create misperceptions that the government is not doing enough to protect houses
and built infrastructure.

Across northern California, fire managers are hampered by these centralized decision-
making processes regarding the permitting of cultural and prescribed burning [77]. Specifi-
cally, the prohibition of cultural and prescribed burning across the state by Forest Service
regional staff and CAL FIRE upper management during wildfires or severe fire weather
prevents implementation when the suspensions coincide with optimal prescribed fire
conditions in other regions. Even without a statewide burn ban, wildland fire teams are
prioritized for wildfire suppression, preventing them from conducting prescribed burns.

Hence, surveyed fire managers consistently identified that increasing the availability
and quantity of wildland fire crews would be the most effective means to expand prescribed
burning capacity, and that hiring personnel to implement burns was the highest priority
among all budget categories (Figure 3). One surveyed manager stated: “There is going to
be a workforce shortage to accomplish the acres needed to be treated. California will need
a guest worker program or a civilian work program. [We] will need more funding to treat
more acres. Our burn budget has been stagnant for decades”.
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In response to destructive 2017 and 2018 wildfires, and the advocacy of organizations
like the Northern California Prescribed Fire Council, the State of California adopted new
legislation to expand personnel for prescribed burning [143]. As required by Senate Bill 901
(2018), the State increased appropriations for prescribed burning (Figure 4); when compared
with the 2017–2018 budget, the 2019–2020 State budget funded ten new prescribed fire
crews with 157 new positions [143,144]. New sources of financial support for prescribed
burning have also been created within local jurisdictions. For example, after repeated
destructive wildfires in Sonoma County, residents voted in 2018 to increase the sales tax to
generate funds for fuel reduction in county parks. In addition, six parcel taxes for local fire
protection districts have passed in the county since 2018 [145]. These changes may be an
indication that voters are willing to reverse decades of anti-tax policies that have defunded
wildfire prevention efforts (including prescribed fire) across California [36].
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Some surveyed federal managers are hopeful that the changes created in wildfire
suppression funding from the 2018 Consolidated Appropriations Act [146] will make more
funds available for prescribed burning in coming years. However, federal and state budgets
for prescribed fire and other fuel reduction personnel remain consistently less than funds
allocated for fire suppression (Figures 4–6). A total of 72% of surveyed managers observed
that their budgets have been either stagnant or in decline. This situation exemplifies the
wildfire paradox in action, where a positive feedback loop exists for reactive suppression
activity that results in limited resources for proactive preventative measures [110,147,148].
A significant increase in funds will be necessary to expand prescribed fire. As one Forest
Service manager stated in a survey response, “You can have all the NEPA in the world, but
if you can’t obtain funding . . . then the program is not effective”.
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For example, the Six Rivers National Forest has flexibility to conduct prescribed
burns throughout the year, however, we observed that upper management often limits
prescribed burning because of insufficient personnel or funds. Additionally, the fall pre-
scribed burning season typically occurs at the beginning of the fiscal year (October 1), and
upper management are reportedly hesitant to allocate funds for prescribed burning if they
anticipate a budget shortfall. Because of the long hours required to prepare and monitor
a burn to ensure it does not escape, prescribed burning also typically requires that staff
receive overtime pay. Overtime pay must be pre-approved for prescribed burns, which is
another bureaucratic hurdle for prescribed burning in the region.

Surveyed managers also noted the problems created by understaffing cultural re-
source specialists, wildlife biologists, and environmental planners who help conduct NEPA
and California Environmental Quality Act (CEQA) proposed burn reviews and studies
(Figure 3). For CAL FIRE projects, CEQA or internal reviews are required, and few spe-
cialists are available to support with the necessary reviews. One surveyed manager stated:
“Recruitment of specialists to rural areas is difficult. Retention is also difficult due to
heavy workloads and lack of support”. Even with the elimination of NEPA and CEQA
regulations for fuel reduction projects (e.g., through the HFRA and SB 901), agencies re-
main understaffed. Hiring and training additional specialists to conduct environmental
reviews, instead of scapegoating NEPA and CEQA, would expedite back-logged projects.
The Six Rivers National Forest and the Karuk Tribe have a successful partnership wherein
the National Forest contracts with the Karuk Tribe to conduct cultural resource reviews
of proposed forest and prescribed fire activities under NEPA. This cultural resource col-
laboration provides the Forest Service with additional specialists and ensures the Karuk
Tribe is directly involved in forest and fire planning in their ancestral territory. Similar
collaborations are successful in the American West, and would support efforts to expand
Tribal sovereignty [109,149].

The formation of interagency and intergovernmental partnerships like the Western
Klamath Restoration Partnership in Karuk territory, were viewed by surveyed managers
throughout northern California as the most effective action to increase prescribed and
cultural fire area (Figure 7, Table 1). Over 50% of managers reported that these interagency
partnerships assisted them to surmount funding, personnel, and equipment limitations
(Table 2). At a state level, the creation of the Interagency Air and Smoke Council (IASC) in
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the late 1990s between the California Air Resources Board and federal agencies, has im-
proved communications to streamline prescribed fire air quality permitting [150]. Similarly,
the Karuk and Yurok Tribes, CFMC and the OSBFSC, have established positive communi-
cation with the North Coast Air Quality Management District. These and other efforts to
establish polycentric fire governance demonstrate the potential for effective collaboration
across diverse entities to revitalize prescribed fire in California.
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Table 1. Actions taken or proposed by Tribes, Unites States Forest Service (USFS), CAL FIRE and Non-Governmental
Organizations (NGOs) to alleviate prescribed fire constraints in northern California. Actions summarized from surveys and
interviews with 75 fire managers, and from participant observations (2015–2019).

Actions Taken or Proposed (in italics) to Alleviate Constraint by Entity

Prescribed Fire

Constraints

Karuk and Yurok

Tribes
USFS CAL FIRE NGOs

NEPA & CEQA

Developed cultural
resource specialist
positions to support
NEPA process;
Partner with public
agencies

Interdisciplinary NEPA
teams more
collaborative; Partner
with Tribes;
Streamlining NEPA for
prescribed fire; Hire
more specialists

Programmatic
Environmental Impact
Review (California
Vegetation Treatment
Program); Partner with
Tribes and property
owners; Hire more specialists

Partner with public
agencies and Tribes;
Specialists volunteer to
support CEQA process

Air Quality
Permits

Partner with air
quality management
districts; Developing
independent air
quality agencies
within Tribal
governments

Partnered with and
improved relationships
with California Air
Resources Board and
air quality
management districts;
formed Interagency Air
and Smoke Council

Beginning to partner with
California Air Resources
Board and air quality
management districts

Some NGOs have good
communication with air
quality management
districts, whereas others
are working to develop
positive relationships.
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Table 1. Cont.

Actions Taken or Proposed (in italics) to Alleviate Constraint by Entity

Prescribed Fire

Constraints

Karuk and Yurok

Tribes
USFS CAL FIRE NGOs

Burn Bans

Fostering
relationships with
CAL FIRE and USFS
to streamline and
devolve permitting

Reduce risk averse
mindset in upper
management

Reduce risk averse mindset in
upper management

Opposing statewide burn
bans; Advocating for
devolution of permitting

Wildland Fire
Personnel

Developed Tribal
wildland fire teams,
volunteer and
family-based burns
(Indigenous Peoples
Burn Network)

Participation in TREX;
Interagency personnel
collaboration; Increase
permanent wildland fire
teams; Increase overtime
for prescribed fire

Increasing permanent
wildland fire teams for
prescribed fire; Work
collaboratively with
Indigenous and local
leadership

Creating independent
prescribed fire teams;
Establishing volunteer
prescribed burn
associations; Partnering
with agencies and Tribes

Financial
Resources

Advocating for more
funds from
government and
private funders

Legislated new
budgetary process for
wildfire; Applying for
more collaborative
grants; Increase budget
appropriations for
prescribed fire

State is allocating more
funding for prescribed fire
each year

Greater access to grants
through collaborative
projects; Volunteer
Prescribed Burn
Associations; Advocating
for more funds from
government agencies and
local tax measures

Land Access

Collaborating with
public agencies to
co-manage public
lands; Repatriating
federal and privately
owned lands in
ancestral territories

Establishing land
co-management
agreements with Tribes
and NGOs; Return
neglected lands to Tribes

Establishing land
co-management
agreements with Tribes
and NGOs; Return neglected
lands to Tribes

Collaborating with
public land agencies for
shared stewardship of
lands; Establishing
co-management
agreements with Tribes;
Return lands to Tribes

Liability and Risk
Aversion

Hiring personnel
with expertise in
prescribed fire;
Increasing Tribal
expertise in
prescribed fire

Social media presence,
newspaper articles,
outreach to NGOs and
schools; Successful
high-profile burns

Considering state-backed
insurance; Assume liability
for vegetation
management/treatment
program burns. Property
owner outreach

Advocating for
state-backed insurance
for prescribed fire;
Successful burns;
Property owner outreach

Table 2. Agency or Organization Participation in Collaborative Prescribed Fire Programs. Surveyed
managers were asked if their agency or organization participated in these collaborative programs.
‘Other’ programs included the California Deer Association (5%), and a variety of other local pro-
grams, such as the Sierra Nevada Conservancy, the USDA Natural Resource Conservation Service
Environmental Quality Incentives Program, and local fire departments.

Collaborative Prescribed Fire Program Agency Participation (%)

Prescribed Fire Training Exchanges (TREX) 64
CAL FIRE programs 63
California Fire Safe Council 41
Joint Chiefs Landscape Restoration Partnership 20
Tribal Forest Protection Act 9
California Department of Fish and Wildlife 7
Other 32

Tribal governments are strong advocates of revitalizing cultural fire, yet remain con-
strained by the Forest Service, CAL FIRE, and other state agencies to achieve their goals [77].
Tragically, Tribes must convince these agencies to let them burn on their ancestral terri-
tory. In the short-term, subsets of funds from these agencies partially support the cultural
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burning programs of Tribes (Table 2), but reliance on external funds that fluctuate with
the politics of Washington DC and Sacramento is unsustainable. It will take time and
investment on the part of agencies to produce a paradigm shift away from the fire sup-
pression culture that dominates CAL FIRE and the Forest Service [7]. To create alternative
funding streams, the Karuk Tribe recently established an eco-cultural revitalization fund to
raise financial resources through private foundations and donors, and the Yurok Tribe has
entered the carbon sequestration market to generate longer-term funding for its forest and
fire restoration program [126]. Although this market funding mechanism remains contro-
versial [151,152], the US Congress does not adequately fund Tribal self-governance and fire
management programs [153], leaving Tribes with few viable alternative funding streams.

3.2. Cultural Fire Expansion in the Mid-Klamath Watershed
Leadership by Karuk and Yurok Tribal members has been instrumental to expanding

cultural burning in California’s Mid-Klamath watershed. In public statements and inter-
views Indigenous leaders have strongly criticized the relationships among commercial
timber extraction practices, fire suppression policies, and the production of the wildfire
crisis [26,50,69,154]. To support cultural revitalization, Tribes have established regional
partnerships and plans with cultural burning as a key restoration priority, in addition to
advocating for increased Tribal sovereignty over ancestral territory.

After decades of advocating for the expansion of cultural burning and Tribal sovereignty,
interviewed Karuk and Yurok fire managers and leaders state that they have overwhelm-
ing support for expanding cultural burning from Native and non-Native residents in the
region. Margo Robbins, president of the Cultural Fire Management Council (CFMC) that
leads prescribed burning on the Yurok reservation, shared that a 2012 grassroots survey of
residents in the southeastern half of the Yurok reservation identified expanding cultural
burning as the highest priority for the community. That survey led to the creation of the
CFMC. In interviews fire managers expressed that there is more demand for prescribed
and cultural burns on privately owned properties that they can provide; they do not
sense any opposition to burning from residents. Because many property owners in this
region cannot obtain fire insurance [155], they feel that they must reduce risks on their
own, and prescribed burning is an effective means to do so. Furthermore, the demand
for fire-enhanced resources such as basketry materials and traditional foods necessary for
Indigenous ceremonies and livelihoods have made these burns very popular [28,156]. The
success of initial cultural burns has garnered managers enhanced public support to expand
the practice [106,157].

Indigenous leaders report that TREX initially brought personnel to the region with
the necessary qualifications to conduct and plan permitted burns because the Karuk
Tribe, CFMC, and the OSBFSC did not have expertise recognized by the federal or state
governments to independently conduct burns. CAL FIRE has broad latitude to grant or
deny permits for prescribed and cultural burns, and they typically require burn plans
(developed by specialists such as burn bosses and registered foresters) that usually request
the presence of >20 qualified personnel during the burns, depending on the burn area [77].
Recently, TREX has helped train Tribal members, local personnel, and residents to increase
their agency qualifications to support future prescribed burning expansion and establish
year-round prescribed fire teams. Tribal fire managers expressed that adhering to colonial
qualification systems subverts their sovereignty over fire governance, yet it has also enabled
them to meet more of their cultural burning objectives. Developing infrastructure to engage
in state and federal management systems has put Tribes in a position to assert greater
sovereignty over fire management in the future.

The increase in qualified personnel has strengthened capacity and expanded cultural
burning in the region; however, managers report that existing personnel are still insuf-
ficient to meet prescribed fire objectives, and additional funds are necessary. Observed
cultural burns, on average, used 23 personnel, and spent 41–65 personnel hours per hectare
burned (Table 3), which is expensive if fire personnel are paid. The regional cost of prepar-
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ing privately owned fire-excluded sites for prescribed and cultural burning is between
$1500–$2500/acre ($600–$1000/ha, N. Bailey, personal communication) and burning is
~$3800/acre ($1520/ha; E. Darragh, personal communication) based on wages in FY 2018.
Managers believe with this local capacity Tribal members will begin to be able to set fires
in a traditional manner.

Table 3. Average Personnel Hours and Fuel Used by Prescribed Burn Managers by Affiliation in
the Klamath Watershed. Personnel hours were calculated by multiplying the time spent at a burn
site by the total personnel conducting the burn. Personnel included all staff including burn bosses
and wildland fire crews. USDA Forest Service (USFS) burns were conducted on the Klamath and
Six Rivers National Forests in 2017. Prescribed Fire Training Exchange (TREX) burns were observed
from 2017–2019. Standard errors (±) shown in parenthesis.

Affiliation
Burn Area

(ha)

Personnel

(Individuals)

Personnel

(h)

Personnel

h ha�1

Fuel

(L ha�1)

USFS (n = 7) 12.6 (8.0) 23.1 (4.6) 222.8 (71.1) 40.5 (4.5) 17.0 (2.3)
TREX (n = 19) 7.0 (2.2) 23.7 (1.3) 213.2 (39.8) 64.8 (13.1) 17.8 (2.6)

While TREX brought welcomed resources to the region that enabled an expansion
of cultural fire, the training events highlight the importance of Indigenous expertise and
the distinct objectives of cultural burning. Non-Indigenous fire managers are educated
largely in a Western fire suppression framework, and have less experience burning within
the local ecological context. On multiple occasions when humidity and 10-h fuel moistures
were high (i.e., >15%) we witnessed Indigenous cultural fire leaders identify ecological
communities within pre-defined burn units that could carry fire and accomplish objectives,
when burning from set fire lines would not carry flames. Cultural burns occur according to
ecological properties and eschew the artificial fire lines typically created by old logging
roads or colonial private property boundaries. Thus, cultural burning is adaptive, and
does not adhere to the frequently rigid and narrow protocols (e.g., requiring fire lines
and climatological metrics) associated with agency prescribed fire burn plans that are
developed, in part, to determine potential liability.

We also witnessed that those trained in a suppression background are more concerned
than Indigenous fire leaders with preventing tree mortality and suppressing fire in tree
canopies. Indigenous fire leaders believe that a low intensity fire burning dead wood
in the canopy of an oak or other hardwood can be beneficial, as it can reduce potential
fungal infection sites. However, when fire enters the canopy via trunk-growing mosses,
those trained in fire suppression are quick to douse all such fires with water. These
contrasting objectives are opportunities for learning about fire benefits that challenge
a singular objective of reducing surface fuel loads and tree mortality. These examples
illustrate the ways in which holistic Indigenous fire epistemologies can produce different
ecological outcomes and expand the application of prescribed fire [26,65,158]. In contrast,
Western approaches to prescribed fire retain reductionist and risk averse tendencies that
tend to control fire behavior as much as possible. Thus, non-Indigenous participants in
cultural burns acquire new perspectives in fire stewardship that can contribute to the
transformation of the dominant fire suppression paradigm.

3.3. Indigenous and Decentralized Fire Governance
The Indigenous Peoples Burning Network (IPBN) is an intertribal grassroots organiza-

tion that formed in 2015 with support from the Fire Learning Network [159]. One of the
primary goals of the IPBN in northwest California is to support autonomous family-based
burning for fuel reduction and to support the revitalization of relatively small-scale fire-
dependent cultural practices [21,22,50,159]. Families volunteer to cooperatively support
each other to burn on their land, and have access to equipment from the CFMC, thus
reducing burning costs. Leaders in the IPBN say that this form of decentralized burning
reflects traditional governance of land and fire, and is a way to assert Tribal and familial
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sovereignty. As CFMC President Robbins stated at a TREX event, “There is too much
land for the agencies to take care of. We need to put the right to use fire into the hands of
people”. This is a critique of the centralized, settler colonial model of fire governance that
has disrupted Indigenous autonomy over fire and land management, and failed to invest
in its own prescribed fire infrastructure [23].

The IPBN effort to collaboratively burn highlights the challenges of expanding pre-
scribed burning under the existing land tenure regime, in which the majority of Karuk
and Yurok ancestral territory remains under the jurisdiction of the Forest Service, Park
Service and private timber companies [24,25,99]. In its initial stages, we observed that
this model has been more effective at conducting burns in Yurok territory where Tribal
members still retain property or allotments on the reservation. In Karuk territory, however,
Indigenous leaders shared that there are fewer lands that remain under Indigenous tenure,
and most traditional eco-cultural resources remain under the jurisdiction of the Forest
Service. Generally, extensive California Indian land dispossession substantially limits the
efficacy of this decentralized burning network, as it is challenging for Indigenous families
to restore fire when they no longer have access to their ancestral lands, or when they
have properties that are highly fractionated [70,160]. As Agrawal & Ostrom emphasize,
if governments permit decentralized decision-making, but do not also devolve property
use or access rights to Indigenous and local communities, then it is unlikely that efforts
to reform management will succeed [78]. Therefore, efforts to return privately owned
lands to dispossessed Tribal members [161,162], and to legislate the return of public lands
to Tribes [126,163] can increase Indigenous access to eco-cultural resources and expand
cultural fire led by families, the IPBN, and their collaborators. Increased land access and a
shift in land management objectives will contribute to Indigenous cultural revitalization.

Efforts to decentralize prescribed fire are growing throughout northern California as a
means to decrease the costs associated with paying professionals. The Northern California
Prescribed Fire Council, University of California Cooperative Extension, the Fire Learning
Network, and others have supported the development of decentralized prescribed burn
associations (PBAs). Fire managers representing NGOs shared that they were hopeful
that PBAs would help facilitate prescribed fire expansion throughout the region. These
cooperative burn associations train property owners and volunteers to conduct burns
on privately owned land [143,164,165]. Many of the leaders of these organizations have
developed relationships of trust with regulators and managers through their professional
roles. These relationships assist them in circumventing regulatory concerns and accessing
equipment to support burns [164]. The social capital built into the structure of PBAs
extends a social insurance to allay liability concerns, which is necessary given the difficulty
and expense associated with purchasing insurance on the market [77]. These relationships
also expand social networks of landowners and burners, and serve to enhance trust among
community members and facilitate the expansion of a positive prescribed fire culture [165].
These associations have organized to change fee structures for burn permits and, thus,
have been effective political forces to change local regulatory structures [143]. The PBA
model may prove to be effective in expanding prescribed fire in California by empowering
property owners to collaboratively burn, but the model does not resolve the question of
land redistribution and access raised by Indigenous peoples.

4. Conclusions

Fire suppression emerged alongside state policies to control and eliminate Indigenous
peoples in California [90,91]. Fire suppression developed from a white supremacist settler
colonial culture that effectively denigrated Indigenous prescribed burning to protect timber
and houses on stolen native lands. While there is now support for prescribed burning by
the timber industry, land management agencies, and rural homeowners, when a wildfire
is perceived to threaten houses, suppression is the default (and costly) reaction. As a
result, fire suppression remains embedded in federal and California state budgets, and
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the expansion of settlements across former California Indian lands reify a political and
material commitment to suppression and settler colonialism.

Where governments and communities have acknowledged the benefits of prescribed
fire, interagency partnerships have developed and supported diverse modes and innovative
mechanisms to expand prescribed fire, including professional prescribed fire crews, Indige-
nous fire ranger programs, and prescribed burn associations [85,86,143,164–166]. However,
despite favorable federal and California state governmental rhetoric about prescribed fire,
centralized government funding and associated programs have been insufficient to sus-
tain proactive prescribed fire programs in northern California [17,104,167]. Furthermore,
these centralized agencies often lack the local fire knowledge or relationships that have
co-evolved with fire ecologies. As a result, they often impose burning prescriptions that
are incompatible with diverse cultural or ecological needs; an emphasis on prescribed
burning for hazardous fuel reduction, for example, will not generate the same effects as cul-
tural burning to sustain reciprocal relationships with non-human species [23,26]. Cultural
revitalization and integration of Indigenous fire objectives will likely lead to increased eco-
logical functionality, biodiversity, and abundance of species threatened by settler colonial
extraction and development [168–171]. Including the social-ecological objectives associated
with Indigenous cultural revitalization could increase the benefits of prescribed fire beyond
the reduction of fuels to protect private housing.

To expand prescribed and cultural burning and create fire-adaptive communities,
polycentric governance bodies must grapple with a divestment from fire suppression
and the haphazard construction of settlements across California. Specifically, Tribal fire
managers articulate that major structural changes in political economy, land use, and legal
frameworks are required [77]. Along with increasing funding, reparations are necessary
to address settler colonial inequities in the current distribution and control of land tenure,
and Tribal sovereignty over fire management must take precedence over centralized state
regulatory powers [154]. Examples of polycentric fire governance in Venezuela, Brazil, and
Australia suggest that this collaborative approach is effective for expanding Indigenous
prescribed burning in other contexts where fire suppression has been pervasive [172]. Yet,
the IPBN framework of decentralized, family-based fire regimes is an alternative, and
parallel proposition that anticipates the dissolution of repressive colonial land tenure and
fire governance structures. In exceptional Australian and South American contexts where
fire governance is comparatively decentralized and Tribal sovereignty and land title are no
longer as encumbered by colonial regulations, Indigenous cultural burning is achieving
desired social and ecological outcomes without a heavy reliance on external funding and
metrics [173,174].

Therefore, governments and institutions should adjust regulations to transfer decision-
making to local communities that have autochthonously established rules, norms, and
infrastructure for burning, and that have allied themselves with Indigenous land manage-
ment objectives and Tribal sovereignty. Given their deep temporal and place-based ties
that have motivated the rehabilitation of human-fire relationships integral to their culture,
Indigenous communities, such as the Karuk and Yurok, are particularly well positioned to
self-determine the application of prescribed and cultural fire in their territories.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/fire4030037/s1, Survey Questions S1.

Author Contributions: Conceptualization, T.M.-B. and W.T.; methodology, T.M.-B.; investigation,
T.M.-B.; writing—original draft preparation, T.M.-B.; writing—review and editing, T.M.-B. and W.T.;
supervision, W.T. All authors have read and agreed to the published version of the manuscript.

Funding: T. Marks-Block is grateful for financial support from Stanford University’s Department of
Anthropology, Vice Provost for Graduate Education Diversity Dissertation Research Opportunity,
and School of Humanities and Sciences Community Engagement grant. T. Marks-Block received
additional instrumental funding from the National Science Foundation’s Doctoral Dissertation
Improvement Grant (1657569) and Graduate Research Fellowship (DGE-114747), and the United

https://www.mdpi.com/article/10.3390/fire4030037/s1
https://www.mdpi.com/article/10.3390/fire4030037/s1


Fire 2021, 4, 37 17 of 23

States Joint Fire Science Program’s Graduate Research Innovation grant (#L17AC00214). All opinion,
findings, and conclusions expressed here are those of the authors, and do not necessarily reflect
the views of the National Science Foundation, the Joint Fire Science Program, or the Karuk and
Yurok Tribes.

Institutional Review Board Statement: Stanford University IRB approved this study (#33064), as
did the Karuk and Yurok Tribal Councils.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. Some of the data are not publicly available to maintain confidentiality.

Acknowledgments: We are deeply thankful for all managers who participated in this study. We
are particularly indebted to Karuk, Yurok and other Indigenous cultural fire leaders who have
profoundly influenced our analysis and perspective. T. Marks-Block is grateful for the permission
to conduct this research as a guest in Karuk and Yurok homelands. Additionally, we wish to thank
the leaders at the Orleans-Somes Bar Fire Safe Council and the Good Fire Alliance who piloted the
survey. Lastly, we appreciate the thoughtful feedback and comments provided by Jody Sokolower,
Cleo Woelfle-Erskine, Lisa Curran, Robert McConnell Sr., and four anonymous reviewers on the
manuscript. Errors, omissions, and opinions are our own.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. Kramer, H.A.; Mockrin, M.H.; Alexandre, P.M.; Radeloff, V.C. High wildfire damage in interface communities in California. Int. J.
Wildl. Fire 2019, 28, 641–650. [CrossRef]

2. Moritz, M.A.; Batllori, E.; Bradstock, R.A.; Gill, A.M.; Handmer, J.; Hessburg, P.F.; Leonard, J.; McCaffrey, S.; Odion, D.C.;
Schoennagel, T.; et al. Learning to coexist with wildfire. Nature 2014, 515, 58–66. [CrossRef] [PubMed]

3. Stephens, S.L.; Collins, B.M.; Biber, E.; Fulé, P.Z. US federal fire and forest policy: Emphasizing resilience in dry forests. Ecosphere
2016, 7, e01584. [CrossRef]

4. Hudson, M. Fire Management in the American West: Forest Politics and the Rise of Megafires; University Press of Colorado: Boulder,
CO, USA, 2011.

5. Pyne, S. Fire in America. A Cultural History of Wildland and Rural Fire; Princeton University Press: Princeton, NJ, USA, 1982.
6. Carle, D. Burning Questions: America’s Fight with Nature’s Fire; Praeger Publishers: Westport, CT, USA, 2002.
7. Pyne, S.J. California: A Fire Survey; University of Arizona Press: Tucson, AZ, USA, 2016; Volume 2, ISBN 0816532613.
8. Kosek, J. Understories: The Political Life of Forests in Northern New Mexico; Duke University Press: Durham, NC, USA, 2006.
9. Knight, C.A.; Cogbill, C.V.; Potts, M.D.; Wanket, J.A.; Battles, J.J. Settlement-era forest structure and composition in the Klamath

Mountains: Reconstructing a historical baseline. Ecosphere 2020, 11, e03250. [CrossRef]
10. Collins, B.M.; Everett, R.G.; Stephens, S.L. Impacts of fire exclusion and recent managed fire on forest structure in old growth

Sierra Nevada mixed-conifer forests. Ecosphere 2011, 2, 1–14. [CrossRef]
11. Knapp, E.E.; Skinner, C.N.; North, M.P.; Estes, B.L. Long-term overstory and understory change following logging and fire

exclusion in a Sierra Nevada mixed-conifer forest. For. Ecol. Manag. 2013, 310, 903–914. [CrossRef]
12. Mallek, C.; Safford, H.; Viers, J.; Miller, J. Modern departures in fire severity and area vary by forest type, Sierra Nevada and

southern Cascades, California, USA. Ecosphere 2013, 4, 1–28. [CrossRef]
13. Miller, J.; Safford, H. Trends in wildfire severity: 1984 to 2010 in the Sierra Nevada, Modoc Plateau, and southern Cascades,

California, USA. Fire Ecol. 2012, 8, 41–57. [CrossRef]
14. Goss, M.; Swain, D.L.; Abatzoglou, J.T.; Sarhadi, A.; Kolden, C.A.; Williams, A.P.; Diffenbaugh, N.S. Climate change is increasing

the likelihood of extreme autumn wildfire conditions across California. Environ. Res. Lett. 2020, 15, 094016. [CrossRef]
15. Schoennagel, T.; Balch, J.K.; Brenkert-Smith, H.; Dennison, P.E.; Harvey, B.J.; Krawchuk, M.A.; Mietkiewicz, N.; Morgan, P.;

Moritz, M.A.; Rasker, R. Adapt to more wildfire in western North American forests as climate changes. Proc. Natl. Acad. Sci. USA
2017, 114, 4582–4590. [CrossRef] [PubMed]

16. North, M.P.; Stephens, S.L.; Collins, B.M.; Agee, J.K.; Aplet, G.; Franklin, J.F.; Fulé, P.Z. Reform forest fire management. Science
2015, 349, 1280–1281. [CrossRef]

17. Miller, R.K.; Field, C.B.; Mach, K.J. Barriers and enablers for prescribed burns for wildfire management in California. Nat. Sustain.
2020, 3, 101–109. [CrossRef]

18. Lightfoot, K.; Parrish, O. California Indians and Their Environment: An Introduction; University of California Press: Berkeley, CA,
USA, 2009.

http://doi.org/10.1071/WF18108
http://doi.org/10.1038/nature13946
http://www.ncbi.nlm.nih.gov/pubmed/25373675
http://doi.org/10.1002/ecs2.1584
http://doi.org/10.1002/ecs2.3250
http://doi.org/10.1890/ES11-00026.1
http://doi.org/10.1016/j.foreco.2013.09.041
http://doi.org/10.1890/ES13-00217.1
http://doi.org/10.4996/fireecology.0803041
http://doi.org/10.1088/1748-9326/ab83a7
http://doi.org/10.1073/pnas.1617464114
http://www.ncbi.nlm.nih.gov/pubmed/28416662
http://doi.org/10.1126/science.aab2356
http://doi.org/10.1038/s41893-019-0451-7


Fire 2021, 4, 37 18 of 23

19. Anderson, M.K. The use of fire by Native Americans in California. In Fire in California’s Ecosystems; van Wagtendonk, J., Sugihara,
N.G., Stephens, S.L., Thode, A.E., Shaffer, K.E., Fites-Kaufman, J., Eds.; University of California Press: Oakland, CA, USA, 2018;
pp. 381–397.

20. Lake, F.K.; Christianson, A.C. Indigenous Fire Stewardship. In Encyclopedia of Wildfires and Wildland-Urban Interface (WUI) Fires;
Manzello, S., Ed.; Springer: Cham, Switzerland, 2019; p. 9.

21. Sarna-Wojcicki, D.; Sowerwine, J.; Hillman, L.; Hillman, L.; Tripp, B. Decentering watersheds and decolonising watershed
governance: Towards an ecocultural politics of scale in the Klamath Basin. Water Altern. 2019, 12, 241–266.

22. Eriksen, C.; Hankins, D.L. Colonisation and fire: Gendered dimensions of indigenous fire knowledge retention and revival. In
The Routledge Handbook of Gender and Development; Coles, A., Gray, L., Momsen, J., Eds.; Routledge: New York, NY, USA, 2015;
pp. 129–137.

23. Eriksen, C.; Hankins, D.L. The retention, revival, and subjugation of indigenous fire knowledge through agency fire fighting in
eastern Australia and California. Soc. Nat. Resour. 2014, 27, 1288–1303. [CrossRef]

24. Norgaard, K.M. Salmon and Acorns Feed Our People: Colonialism, Nature, and Social Action; Rutgers University Press: New Brunswick,
NJ, USA, 2019.

25. Norgaard, K.M. The politics of fire and the social impacts of fire exclusion on the Klamath. Humboldt J. Soc. Relat. 2014, 36, 77–101.
26. Lake, F.K.; Wright, V.; Morgan, P.; McFadzen, M.; McWethy, D.; Stevens-Rumann, C. Returning fire to the land—Celebrating

traditional knowledge and fire. J. For. 2017, 115, 343–353. [CrossRef]
27. Long, J.; Lake, F.K. Escaping social-ecological traps through tribal stewardship on national forest lands in the Pacific Northwest,

United States of America. Ecol. Soc. 2018, 23, 10. [CrossRef]
28. Marks-Block, T.; Lake, F.K.; Bliege Bird, R.; Curran, L.M. Revitalized Karuk and Yurok cultural burning to enhance California

hazelnut for basketweaving in northwestern California, USA. Fire Ecol. 2021, 17, 1–20. [CrossRef]
29. Watts, M.; Peet, R. Liberating political ecology. In Liberation Ecologies: Environment, Development, Social Movements; Peet, R., Watts,

M., Eds.; Routledge: London, UK; New York, NY, USA, 2004; Volume 2, pp. 3–43.
30. Robbins, P. Political Ecology: A Critical Introduction; John Wiley & Sons: San Francisco, CA, USA, 2011; Volume 16.
31. Eriksen, C. Why do they burn the “bush”? Fire, rural livelihoods, and conservation in Zambia. Geogr. J. 2007, 173, 242–256.

[CrossRef]
32. Laris, P.; Wardell, D.A. Good, bad or ‘necessary evil’? Reinterpreting the colonial burning experiments in the savanna landscapes

of West Africa. Geogr. J. 2006, 172, 271–290. [CrossRef]
33. Kull, C. Madagascar aflame: Landscape burning as peasant protest, resistance, or a resource management tool? Polit. Geogr. 2002,

21, 927–953. [CrossRef]
34. Sletto, B. Indigenous people don’t have boundaries: Reborderings, fire management, and productions of authenticities in

indigenous landscapes. Cult. Geogr. 2009, 16, 253–277. [CrossRef]
35. Seijo, F.; Gray, R. Pre-industrial anthropogenic fire regimes in transition: The case of Spain and its implications for fire governance

in Mediterranean type biomes. Hum. Ecol. Rev. 2012, 19, 58–69.
36. Simon, G.L. Flame and Fortune in the American West: Urban Development, Environmental Change, and the Great Oakland Hills Fire;

University of California Press: Berkeley, CA, USA, 2017.
37. Davis, M. Ecology of Fear: Los Angeles and the Imagination of Disaster; Metropolitan Books: New York, NY, USA, 1998.
38. Wolfe, P. Settler colonialism and the elimination of the native. J. Genocide Res. 2006, 8, 387–409. [CrossRef]
39. Sunseri, C.K. Capitalism as Nineteenth-Century Colonialism and Its Impacts on Native Californians. Ethnohistory 2017, 64,

471–495. [CrossRef]
40. Lightfoot, K.G.; Gonzalez, S.L. The study of sustained colonialism: An example from the Kashaya Pomo homeland in northern

California. Am. Antiq. 2018, 83, 427–443. [CrossRef]
41. Carroll, C. Roots of Our Renewal: Ethnobotany and Cherokee Environmental Governance; University of Minnesota Press: Minneapolis,

MA, USA, 2015.
42. Whyte, K. Settler colonialism, ecology, and environmental injustice. Environ. Soc. 2018, 9, 125–144. [CrossRef]
43. Hoover, E. The River Is in Us: Fighting Toxics in a Mohawk Community; University of Minnesota Press: Minneapolis, MA, USA, 2017.
44. Speed, S. Structures of settler capitalism in Abya Yala. Am. Q. 2017, 69, 783–790. [CrossRef]
45. Moreton-Robinson, A. The White Possessive: Property, Power, and Indigenous Sovereignty; University of Minnesota Press: Minneapolis,

MN, USA, 2015; ISBN 1452944598.
46. Omi, M.; Winant, H. Racial Formation in the United States; Routledge: New York, NY, USA, 2015; ISBN 0415520312.
47. Neale, T. Digging for fire: Finding control on the Australian continent. J. Contemp. Archaeol. 2018, 5, 79–90. [CrossRef]
48. Zahara, A. Breathing Fire into Landscapes that Burn: Wildfire Management in a Time of Alterlife. Engag. Sci. Technol. Soc. 2020, 6,

555–585. [CrossRef]
49. Minor, J.; Boyce, G.A. Smokey Bear and the pyropolitics of United States forest governance. Polit. Geogr. 2018, 62, 79–93.

[CrossRef]
50. Hillman, L.; Salter, J.F. Environmental management: American Indian knowledge and the problem of sustainability. For. Trees

People Newsl. 1997, 34, 20–26.
51. Aldern, J.D.; Goode, R.W. The stories hold water: Learning and burning in North Fork Mono homelands. Decolonization Indig.

Educ. Soc. 2014, 3, 26–51.

http://doi.org/10.1080/08941920.2014.918226
http://doi.org/10.5849/jof.2016-043R2
http://doi.org/10.5751/ES-10041-230210
http://doi.org/10.1186/s42408-021-00092-6
http://doi.org/10.1111/j.1475-4959.2007.00239.x
http://doi.org/10.1111/j.1475-4959.2006.00215.x
http://doi.org/10.1016/S0962-6298(02)00054-9
http://doi.org/10.1177/1474474008101519
http://doi.org/10.1080/14623520601056240
http://doi.org/10.1215/00141801-4174247
http://doi.org/10.1017/aaq.2018.17
http://doi.org/10.3167/ares.2018.090109
http://doi.org/10.1353/aq.2017.0064
http://doi.org/10.1558/jca.33208
http://doi.org/10.17351/ests2020.429
http://doi.org/10.1016/j.polgeo.2017.10.005


Fire 2021, 4, 37 19 of 23

52. Baldy, C.R. We Are Dancing for You: Native Feminisms and the Revitalization of Women’s Coming-of-Age Ceremonies; University of
Washington Press: Seattle, WA, USA, 2018; ISBN 029574345X.

53. Simpson, L.B. Dancing on Our Turtle’s Back: Stories of Nishnaabeg Re-Creation, Resurgence and a New Emergence; Arbeiter Ring Pub.:
Winnipeg, MB, Canada, 2011; ISBN 1894037502.

54. Field, L. Abalone Tales: Collaborative Explorations of Sovereignty and Identity in Native California; Duke University Press: Durham,
NC, USA, 2008.

55. Corntassel, J.; Bryce, C. Practicing sustainable self-determination: Indigenous approaches to cultural restoration and revitalization.
Brown J. World Aff. 2011, 18, 151.

56. Buckley, T. Standing Ground: Yurok Indian Spirituality, 1850–1990; University of California Press: Berkeley, CA, USA, 2002.
57. Jacob, M.M. Yakama Rising: Indigenous Cultural Revitalization, Activism, and Healing; University of Arizona Press: Tucson, AZ, USA,

2013; ISBN 0816530491.
58. Yazzie, M.K.; Risling Baldy, C. Introduction: Indigenous peoples and the politics of water. Decolonization Indig. Educ. Soc. 2018, 7,

1–18.
59. Wilson, S. Research Is Ceremony: Indigenous Research Methods; Fernwood Publishing: Halifax, NS, Canada; Winnipeg, MB, Canada,

2008.
60. Deloria, V. Relativity, relatedness and reality. Wind. Chang. 1992, 7, 34–40.
61. Kimmerer, R.W. Restoration and reciprocity: The contributions of traditional ecological knowledge. In Human Dimensions of

Ecological Restoration; Egan, D., Hjerpe, E., Abrams, J., Eds.; Springer: New York, NY, USA, 2011; pp. 257–276.
62. Salmón, E. Kincentric ecology: Indigenous perceptions of the human–nature relationship. Ecol. Appl. 2000, 10, 1327–1332.
63. Todd, Z. An indigenous feminist’s take on the ontological turn:‘ontology’is just another word for colonialism. J. Hist. Sociol. 2016,

29, 4–22. [CrossRef]
64. Johnson, J.T.; Murton, B. Re/placing native science: Indigenous voices in contemporary constructions of nature. Geogr. Res. 2007,

45, 121–129. [CrossRef]
65. Mason, L.; White, G.; Morishima, G.; Alvarado, E.; Andrew, L.; Clark, F.; Durglo, M.; Durglo, J.; Eneas, J.; Erickson, J.; et al.

Listening and learning from traditional knowledge and Western science: A dialogue on contemporary challenges of forest health
and wildfire. J. For. 2012, 110, 187–193. [CrossRef]

66. Strommer, G.D.; Osborne, S.D. The history, status, and future of tribal self-governance under the Indian Self-Determination and
Education Assistance Act. Am. Indian Law Rev. 2014, 39, 1–75.

67. Baldy, C.R. Why we gather: Traditional gathering in native Northwest California and the future of bio-cultural sovereignty. Ecol.
Process. 2013, 2, 1–10. [CrossRef]

68. Catton, T. American Indians and National Forests; University of Arizona Press: Tucson, AZ, USA, 2016.
69. Diver, S. Co-management as a catalyst: Pathways to post-colonial forestry in the Klamath Basin, California. Hum. Ecol. 2016, 44,

533–546. [CrossRef] [PubMed]
70. Carroll, M.S.; Cohn, P.J.; Paveglio, T.B.; Drader, D.R.; Jakes, P.J. Fire burners to firefighters: The Nez Perce and fire. J. For. 2010,

108, 71–76.
71. Jurney, D.H.; Bragg, D.C.; Coleman, R.E.; Gonzalez, B. Lessons from a programmatic agreement and heritage-based consultations

between Tribes and the National Forests of Arkansas and Oklahoma. J. For. 2017, 115, 458–467. [CrossRef]
72. Dockry, M.J.; Gutterman, S.A.; Davenport, M.A. Building Bridges: Perspectives on partnership and collaboration from the US

Forest Service Tribal Relations Program. J. For. 2017, 116, 123–132. [CrossRef]
73. Jakes, P.J.; Nelson, K.C.; Enzler, S.A.; Burns, S.; Cheng, A.S.; Sturtevant, V.; Williams, D.R.; Bujak, A.; Brummel, R.F.; Grayzeck-

Souter, S. Community wildfire protection planning: Is the Healthy Forests Restoration Act’s vagueness genius? Int. J. Wildl. Fire
2011, 20, 350–363. [CrossRef]

74. Mottek Lucas, A.; Kim, Y.-S.; Greco, B.; Becker, D.R.; Hjerpe, E.E.; Abrams, J. Social and economic contributions of the White
Mountain Stewardship Project: Final 10-year assessment—Lessons learned and implications for future forest management
initiatives. J. For. 2017, 115, 548–558.

75. Steelman, T.A.; DuMond, M.E. Serving the common interest in US forest policy: A case study of the Healthy Forests Restoration
Act. Environ. Manag. 2009, 43, 396–410. [CrossRef]

76. Butler, W.H.; Goldstein, B.E. The US fire learning network: Springing a rigidity trap through multi-scalar collaborative networks.
Ecol. Soc. 2010, 15, 21. [CrossRef]

77. Clark, S.A.; Miller, A.; Hankins, D.L. Good Fire: Current Barriers to the Expansion of Cultural Burning and Prescribed Fire in California
and Recommended Solutions; Karuk Tribe: Happy Camp, CA, USA, 2021.

78. Agrawal, A.; Ostrom, E. Collective action, property rights, and decentralization in resource use in India and Nepal. Polit. Soc.
2001, 29, 485–514. [CrossRef]

79. Nadasdy, P. The politics of TEK: Power and the “integration” of knowledge. Arct. Anthropol. 1999, 36, 1–18.
80. Schoennagel, T.; Nelson, C.R. Restoration relevance of recent National Fire Plan treatments in forests of the western United States.

Front. Ecol. Environ. 2011, 9, 271–277. [CrossRef]
81. Tripp, B. Fantastic Failure: Shared Vision, Shattered Trust. Fire Adapted Community Learning Network Blog. Available online:

https://fireadaptednetwork.org/fantastic-failure-shared-vision-shattered-trus/ (accessed on 1 October 2019).
82. Scott-Goforth, G. Lessons in the Ashes. North Coast Journal, Eureka, California, 8 August 2013.

http://doi.org/10.1111/johs.12124
http://doi.org/10.1111/j.1745-5871.2007.00442.x
http://doi.org/10.5849/jof.11-006
http://doi.org/10.1186/2192-1709-2-17
http://doi.org/10.1007/s10745-016-9851-8
http://www.ncbi.nlm.nih.gov/pubmed/27881890
http://doi.org/10.5849/jof.16-040
http://doi.org/10.5849/jof-2016-106
http://doi.org/10.1071/WF10038
http://doi.org/10.1007/s00267-008-9264-6
http://doi.org/10.5751/ES-03437-150321
http://doi.org/10.1177/0032329201029004002
http://doi.org/10.1890/090199
https://fireadaptednetwork.org/fantastic-failure-shared-vision-shattered-trus/


Fire 2021, 4, 37 20 of 23

83. Coughlan, M.R. Large Diameter Trees and the Political Culture of “Restoration”: A Case Study with the Grand Canyon Forest
Partnership, Flagstaff, Arizona. Ariz. Anthropol. 2003, 15, 48–71.

84. Roberts, J. “What are we protecting out here?” A political ecology of forest, fire, and fuels management in Utah’s wildland-urban
interface. Capital. Nat. Social. 2013, 24, 58–76. [CrossRef]

85. Petty, A.M.; deKoninck, V.; Orlove, B. Cleaning, protecting, or abating? Making Indigenous fire management “work” in Northern
Australia. J. Ethnobiol. 2015, 35, 140–162. [CrossRef]

86. Fache, E.; Moizo, B. Do burning practices contribute to caring for country? Contemporary uses of fire for conservation purposes
in indigenous Australia. J. Ethnobiol. 2015, 35, 163–182. [CrossRef]

87. Anderson, M.K. Tending the Wild: Native American Knowledge and the Management of California’s Natural Resources; University of
California Press: Berkeley, CA, USA, 2005.

88. Scherjon, F.; Bakels, C.; MacDonald, K.; Roebroeks, W. Burning the Land: An ethnographic study of off-site fire use by current and
historically documented foragers and implications for the interpretation of past fire practices in the landscape. Curr. Anthropol.
2015, 56, 299–326. [CrossRef]

89. Trafzer, C.E.; Hyer, J.R. Exterminate Them: Written Accounts of the Murder, Rape, and Enslavement of Native Americans during the
California Gold Rush; Michigan State University Press: East Lansing, MI, USA, 1999.

90. Madley, B. An American Genocide: The United States and the California Indian Catastrophe, 1846-1873; Yale University Press: New
Haven, CT, USA, 2016; ISBN 0300181361.

91. Norton, J. Genocide in Northwestern California: When Our Worlds Cried; Indian Historian Press: San Francisco, CA, USA, 1979.
92. Scott, J.C. Seeing Like a State: How Certain Schemes to Improve the Human Condition Have Failed; Yale University Press: New Haven,

CT, USA, 1998.
93. Graves, H.S. The torch in the timber. Sunset 1920, 44, 37–40, 80–90.
94. Show, S.B.; Kotok, E.I. The Role of Fire in the California Pine Forests; US Department of Agriculture: Washington, DC, USA, 1924.
95. Robbins, W.G. Lumberjacks and Legislators; Texas A&M University Press: College Station, TX, USA, 1982; ISBN 0890961298.
96. Spence, M. Dispossessing the Wilderness: Indian Removal and the Making of the National Parks; Oxford University Press: Oxford, UK,

2000.
97. Ayres, R.W. History of Timber Management in the California National Forests, 1850 to 1937; USDA Forest Service: San Francisco, CA,

USA, 1958.
98. Miller, L.K. Native American land ownership in California’s National Forests. For. Hist. Today 2017, 23, 3–13.
99. Huntsinger, L.; Diekmann, L. Virtual reservation: Land distribution, natural resource access, and equity on the Yurok forest. Nat.

Resour. J. 2010, 50, 341–370.
100. Stephens, S.L.; Martin, R.; Clinton, N. Prehistoric fire area and emissions from California’s forests, woodlands, shrublands, and

grasslands. For. Ecol. Manag. 2007, 251, 205–216. [CrossRef]
101. Miller, R. Prescribed burns in California: A historical case study of the integration of scientific research and policy. Fire 2020, 3, 44.

[CrossRef]
102. Biswell, H. Prescribed Burning in California Wildlands Vegetation Management; University of California Press: Berkeley, CA, USA,

1999.
103. Stephens, S.L.; Sugihara, N. Fire management and policy since European settlement. In Fire in California’s Ecosystems; Van

Wagtendonk, J., Sugihara, N., Stephens, S., Thode, A., Shaffer, K., Fites-Kaufman, J., Eds.; University of California Press: Oakland,
CA, USA, 2018; pp. 399–410.

104. Quinn-Davidson, L.N.; Varner, J.M. Impediments to prescribed fire across agency, landscape and manager: An example from
northern California. Int. J. Wildl. Fire 2012, 21, 210–218. [CrossRef]

105. Vinyeta, K.; Lynn, K. Strengthening the Federal-Tribal Relationship: A Report on Monitoring Consultation under the Northwest Forest
Plan; USDA Forest Service, Pacific Northwest Region: Portland, OR, USA, 2015.

106. Terence, M. Unleashing the TREX: Why officials think controlled burns can save California from wildfire. North Coast Journal,
Eureka, California, 3 November 2016; pp. 16–23.

107. Ostrom, E. Beyond markets and states: Polycentric governance of complex economic systems. Am. Econ. Rev. 2010, 100, 641–672.
[CrossRef]

108. Kelly, E.C.; Charnley, S.; Pixley, J.T. Polycentric systems for wildfire governance in the Western United States. Land Use Policy
2019, 89, 104214. [CrossRef]

109. Long, J.; Lake, F.K.; Lynn, K.; Viles, C. Tribal ecocultural resources and engagement. In Synthesis of Science to Inform Land
Management within the Northwest Forest Plan Area. Gen. Tech. Rep. PNW-GTR-966; Spies, T.A., Stine, P.A., Gravenmier, R., Long, J.,
Reilly, M., Eds.; USDA Forest Service PNW Research Station: Portland, OR, USA, 2018; Volume 966, pp. 851–917.

110. Fischer, A.P.; Spies, T.A.; Steelman, T.A.; Moseley, C.; Johnson, B.R.; Bailey, J.D.; Ager, A.A.; Bourgeron, P.; Charnley, S.; Collins,
B.M. Wildfire risk as a socioecological pathology. Front. Ecol. Environ. 2016, 14, 276–284. [CrossRef]

111. Calkin, D.E.; Cohen, J.D.; Finney, M.A.; Thompson, M.P. How risk management can prevent future wildfire disasters in the
wildland-urban interface. Proc. Natl. Acad. Sci. USA 2014, 111, 746–751. [CrossRef] [PubMed]

112. Fischer, A.P.; Charnley, S. Risk and cooperation: Managing hazardous fuel in mixed ownership landscapes. Environ. Manag. 2012,
49, 1192–1207. [CrossRef] [PubMed]

http://doi.org/10.1080/10455752.2013.784528
http://doi.org/10.2993/0278-0771-35.1.140
http://doi.org/10.2993/0278-0771-35.1.163
http://doi.org/10.1086/681561
http://doi.org/10.1016/j.foreco.2007.06.005
http://doi.org/10.3390/fire3030044
http://doi.org/10.1071/WF11017
http://doi.org/10.1257/aer.100.3.641
http://doi.org/10.1016/j.landusepol.2019.104214
http://doi.org/10.1002/fee.1283
http://doi.org/10.1073/pnas.1315088111
http://www.ncbi.nlm.nih.gov/pubmed/24344292
http://doi.org/10.1007/s00267-012-9848-z
http://www.ncbi.nlm.nih.gov/pubmed/22525987


Fire 2021, 4, 37 21 of 23

113. Carroll, M.S.; Cohn, P.J.; Blatner, K.A. Private and tribal forest landowners and fire risk: A two-county case study in Washington
State. Can. J. For. Res. 2004, 34, 2148–2158. [CrossRef]

114. Vogt, C. Seasonal and Permanent Home Owners’ Past Experiences and Approval of Fuels Reduction. GTR NC 231; Jakes, P.J., Ed.; USDA
Forest Service, North Central Research Station: St. Paul, MN, USA, 2002; pp. 63–73.

115. Chase, J.; Siegel, D. Absentee ownership in the fire-prone northern California foothills. Soc. Nat. Resour. 2012, 25, 1043–1055.
[CrossRef]

116. Joshi, O.; Poudyal, N.C.; Weir, J.R.; Fuhlendorf, S.D.; Ochuodho, T.O. Determinants of perceived risk and liability concerns
associated with prescribed burning in the United States. J. Environ. Manag. 2019, 230, 379–385. [CrossRef]

117. Yoder, J. Liability, regulation, and endogenous risk: The incidence and severity of escaped prescribed fires in the United States. J.
Law Econ. 2008, 51, 297–325. [CrossRef]

118. Hammer, R.; Radeloff, V.; Fried, J.; Stewart, S. Wildland–urban interface housing growth during the 1990s in California, Oregon,
and Washington. Int. J. Wildl. Fire 2007, 16, 255–265. [CrossRef]

119. Syphard, A.; Radeloff, V.; Keeley, J.; Hawbaker, T.; Clayton, M.; Stewart, S.; Hammer, R. Human influence on California fire
regimes. Ecol. Appl. 2007, 17, 1388–1402. [CrossRef]

120. Davis, J.B. The healthy forests initiative: Unhealthy policy choices in forest and fire management. Environ. Law 2004, 34,
1209–1245.

121. Steelman, T.A.; Burke, C.A. Is wildfire policy in the United States sustainable? J. For. 2007, 105, 67–72. [CrossRef]
122. North, M.P.; Collins, B.M.; Stephens, S.L. Using fire to increase the scale, benefits, and future maintenance of fuels treatments. J.

For. 2012, 110, 392–401. [CrossRef]
123. Vaillant, N.M.; Reinhardt, E.D. An evaluation of the Forest Service hazardous fuels treatment program—Are we treating enough

to promote resiliency or reduce hazard? J. For. 2017, 115, 300–308. [CrossRef]
124. Everett, Y.; Fuller, M. Fire safe councils in the interface. Soc. Nat. Resour. 2011, 24, 319–333. [CrossRef]
125. Ganz, D.; Troy, A.; Saah, D. Community Involvement in Wildfire Hazard Mitigation and Management: Community Based Fire

Management, Fire Safe Councils and Community Wildfire Protection Plans. In Living on the Edge (Advances in the Economics of
Environmental Resources, Volume 6); Kennedy, R., Troy, A., Eds.; JAI Press Limited: Oxford, UK, 2007; pp. 143–164.

126. Manning, B.R.M.; Reed, K. Returning the Yurok Forest to the Yurok Tribe: California’s First Tribal Carbon Credit Project. Stanf.
Environ. Law J. 2019, 39, 71–124.

127. Cyphers, L.A.; Schultz, C.A. Policy design to support cross-boundary land management: The example of the Joint Chiefs
Landscape Restoration Partnership. Land Use Policy 2019, 80, 362–369. [CrossRef]

128. Butler, W.H. Collaboration at arm’s length: Navigating agency engagement in landscape-scale ecological restoration collaboratives.
J. For. 2013, 111, 395–403. [CrossRef]

129. Spencer, A.G.; Schultz, C.A.; Hoffman, C.M. Enhancing adaptive capacity for restoring fire-dependent ecosystems: The Fire
Learning Network’s Prescribed Fire Training Exchanges. Ecol. Soc. 2015, 20, 38. [CrossRef]

130. USDA Forest Service PSW Region Somes Bar Integrated Fire Management Project: Final Environmental Assessment. Available
online: https://www.fs.usda.gov/nfs/11558/www/nepa/106291_FSPLT3_4291171.pdf (accessed on 1 June 2019).

131. PRISM Climate Group Oregon State University 30-Year Normal Precipitation Data (1981–2010). Available online: http://prism.
oregonstate.edu (accessed on 1 August 2019).

132. van Wagtendonk, J.; Sugihara, N.G.; Stephens, S.L.; Thode, A.E.; Shaffer, K.E.; Fites-Kaufman, J. Fire in California’s Ecosystems;
University of California Press: Oakland, CA, USA, 2018.

133. Ryan, K.C.; Knapp, E.E.; Varner, J.M. Prescribed fire in North American forests and woodlands: History, current practice, and
challenges. Front. Ecol. Environ. 2013, 11, e15–e24. [CrossRef]

134. United States Census Bureau. American Indian and Alaska Native Tribes in the United States and Puerto Rico; United States Census
Bureau: Houtland, MA, USA, 2010.

135. United States Census Bureau 2010 Census Interactive Population Map. Available online: http://www.census.gov/2010census/
popmap/ (accessed on 20 October 2016).

136. Conners, P. A History of Six Rivers National Forest...Commemorating the First 50 Years; USDA Forest Service, Pacific Southwest
Region, Six Rivers National Forest: Eureka, CA, USA, 1998.

137. Davies, G.; Frank, F. Stories of the Klamath National Forest: The First 50 Years; HiStory ink Books: Hat Creek, CA, USA, 1992.
138. Rawls, J.J. Indians of California: The Changing Image; University of Oklahoma Press: Norman, OK, USA, 1986.
139. Underwood, S.; Arguello, L.; Siefkin, N. Restoring ethnographic landscapes and natural elements in Redwood National Park.

Ecol. Restor. 2003, 21, 278–283. [CrossRef]
140. Yurok GIS Program Yurok Reservation and Surrounding Area. Available online: http://www.yuroktribe.org/departments/

infoservices/GIS/documents/Statistics_Map_August15.pdf (accessed on 8 January 2018).
141. Glaser, B.G.; Strauss, A.L. Discovery of Grounded Theory: Strategies for Qualitative Research; Routledge: New York, NY, USA, 2017;

ISBN 1351522167.
142. Donovan, G.H.; Brown, T.C. Be careful what you wish for: The legacy of Smokey Bear. Front. Ecol. Environ. 2007, 5, 73–79.

[CrossRef]
143. Crowder, L. Prescribed fire gains momentum. Calif. Agric. 2019, 73, 5–8. [CrossRef]

http://doi.org/10.1139/x04-085
http://doi.org/10.1080/08941920.2011.651565
http://doi.org/10.1016/j.jenvman.2018.09.089
http://doi.org/10.1086/589661
http://doi.org/10.1071/WF05077
http://doi.org/10.1890/06-1128.1
http://doi.org/10.2139/ssrn.1931057
http://doi.org/10.5849/jof.12-021
http://doi.org/10.5849/jof.16-067
http://doi.org/10.1080/08941920903313835
http://doi.org/10.1016/j.landusepol.2018.09.021
http://doi.org/10.5849/jof.13-027
http://doi.org/10.5751/ES-07847-200338
https://www.fs.usda.gov/nfs/11558/www/nepa/106291_FSPLT3_4291171.pdf
http://prism.oregonstate.edu
http://prism.oregonstate.edu
http://doi.org/10.1890/120329
http://www.census.gov/2010census/popmap/
http://www.census.gov/2010census/popmap/
http://doi.org/10.3368/er.21.4.278
http://www.yuroktribe.org/departments/infoservices/GIS/documents/Statistics_Map_August15.pdf
http://www.yuroktribe.org/departments/infoservices/GIS/documents/Statistics_Map_August15.pdf
http://doi.org/10.1890/1540-9295(2007)5%5B73:BCWYWF%5D2.0.CO;2
http://doi.org/10.3733/ca.2018a0044


Fire 2021, 4, 37 22 of 23

144. California Legislative Analyst’s Office. The 2019-20 Budget: Natural Resources and Environmental Protection; California Legislative
Analyst’s Office: Sacramento, CA, USA, 2019.

145. Rossmann, R. Sonoma County’s Measure G Would Increase Sales Tax to Strengthen Firefighting Network; The Press Democrat: Santa
Rosa, CA, USA, 12 January 2020.

146. Taylor, P. The Good, the Bad, and the Unnecessary: Forest Fire Suppression Funding and Forest Management Provisions of the
Consolidated Appropriations Act of 2018. Public L. Resour. Law Rev. 2019, 41, 7.

147. Calkin, D.E.; Thompson, M.P.; Finney, M.A. Negative consequences of positive feedbacks in US wildfire management. For. Ecosyst.
2015, 2, 9. [CrossRef]

148. Ingalsbee, T. Whither the paradigm shift? Large wildland fires and the wildfire paradox offer opportunities for a new paradigm
of ecological fire management. Int. J. Wildl. Fire 2017, 26, 557–561. [CrossRef]

149. Russell, G.; Champ, J.G.; Flores, D.; Martinez, M.; Hatch, A.M.; Morgan, E.; Clarke, P. Doing Work on the Land of Our Ancestors:
Reserved Treaty Rights Lands Collaborations in the American Southwest. Fire 2021, 4, 7. [CrossRef]

150. Ahuja, S.; Proctor, T. Fire, Air Quality, and Greenhouse Gases. In Fire in California’s Ecosystems; van Wagtendonk, J., Sugihara,
N.G., Stephens, S.L., Thode, A.E., Shaffer, K.E., Fites-Kaufman, J., Eds.; University of California Press: Oakland, CA, USA, 2018;
pp. 439–457.

151. Cushing, L.; Blaustein-Rejto, D.; Wander, M.; Pastor, M.; Sadd, J.; Zhu, A.; Morello-Frosch, R. Carbon trading, co-pollutants, and
environmental equity: Evidence from California’s cap-and-trade program (2011–2015). PLoS Med. 2018, 15, e1002604. [CrossRef]
[PubMed]

152. Blanchard, L.; Vira, B. Interrogating Public Debates over Jurisdictional REDD+ in California’s Global Warming Solutions Act:
Implications for social equity. In The Carbon Fix; Paladino, S., Fiske, S.J., Eds.; Routledge: New York, NY, USA, 2017; pp. 171–183.

153. Wilkins, D.E.; Stark, H.K. American Indian Politics and the American Political System; Rowman & Littlefield: Lanham, MA, USA,
2017.

154. Tripp, B. Our Land Was Taken. But We Still Hold the Knowledge of How to Stop Mega-Fires. The Guardian, 16 September 2020.
155. Du Sault, L. A California tribe’s battle to protect itself from the growing threat of fire. High Country News, 12 March 2019; 8–9.
156. Sowerwine, J.; Sarna-Wojcicki, D.; Mucioki, M.; Hillman, L.; Lake, F.; Friedman, E. Enhancing Food Sovereignty: A Five-year

Collaborative Tribal-University Research and Extension Project in California and Oregon. J. Agric. Food Syst. Community Dev.
2019, 9, 1–24. [CrossRef]

157. Harling, W. Learning together, burning together. Wildfire Mag. 2015, 24, 26–30.
158. Huffman, M. The many elements of traditional fire knowledge: Synthesis, classification, and aids to cross-cultural problem

solving in fire-dependent systems around the world. Ecol. Soc. 2013, 18, 3. [CrossRef]
159. Robbins, M.; McConnell, D.; Stauffer, R. Indigenous Peoples Burning Network (IPBN). Conservation Gateway (The Na-

ture Conservancy). Available online: https://www.conservationgateway.org/ConservationPractices/FireLandscapes/
FireLearningNetwork/RegionalNetworks/Documents/IPBN-Poster-Apr2016.pdf (accessed on 9 July 2018).

160. Shoemaker, J.A. Like snow in the spring time: Allotment, fractionation, and the Indian land tenure problem. Wis. L. Rev. 2003, 729.
161. Hurwitz, L.; Bourque, S.D. Killing the settler to save the human: The untidy work of unsettling Klamath river. Fourth World J.

2018, 17, 28–40.
162. Kelly, E.C.; Bliss, J.C.; Gosnell, H. The Mazama returns: The politics and possibilities of tribal land reacquisition. J. Polit. Ecol.

2013, 20, 429–443. [CrossRef]
163. Mukherjee, S. Yurok chairman addresses members of Congress about tribal needs. Eureka Times-Standard, Eureka, California, 7

March 2019.
164. Weir, J.R.; Twidwell, D.; Wonkka, C.L. From grassroots to national alliance: The emerging trajectory for landowner prescribed

burn associations. Rangelands 2016, 38, 113–119. [CrossRef]
165. Toledo, D.; Kreuter, U.P.; Sorice, M.G.; Taylor, C.A., Jr. The role of prescribed burn associations in the application of prescribed

fires in rangeland ecosystems. J. Environ. Manag. 2014, 132, 323–328. [CrossRef] [PubMed]
166. Kobziar, L.N.; Rocca, M.E.; Dicus, C.A.; Hoffman, C.; Sugihara, N.; Thode, A.E.; Varner, J.M.; Morgan, P. Challenges to educating

the next generation of wildland fire professionals in the United States. J. For. 2009, 107, 339–345.
167. Kolden, C.A. We’re not doing enough prescribed fire in the Western United States to mitigate wildfire risk. Fire 2019, 2, 30.

[CrossRef]
168. Armstrong, C.G.; Miller, J.; McAlvay, A.; Ritchie, P.M.; Lepofsky, D. Historical Indigenous Land-Use Explains Plant Functional

Trait Diversity. Ecol. Soc. 2021, 26, 6. [CrossRef]
169. Wynecoop, M.D.; Morgan, P.; Strand, E.K.; Trigueros, F.S. Getting back to fire suméŝ: Exploring a multi-disciplinary approach to
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