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Abstract: Prescribed fire is increasingly being considered as a viable management tool by public and
private land managers. Fully expanding prescribed fire use in a land management context, where it
is an ecologically effective but not commonly applied tool, requires a comprehensive understanding
of barriers that limit prescribed fire, especially in working rangelands of the North American Great
Plains. While there is an emerging body of work on the perceptions of prescribed fire, there has
yet to be a compilation of the research. We present a systematic review of the published literature
on the perceptions and attitudes of land managers towards prescribed fire in the Great Plains in an
effort to provide a social-ecological perspective on the issue. The aim is to share the methods used
to assess social perceptions of prescribed fire in the Great Plains and regional distribution of these
studies as well as to identify perceived barriers and limitations that restrict the use of prescribed fire
by reviewing studies primarily located in the Great Plains ecoregion and focused on perceptions
of fire. Surveys were the most commonly used method to assess social perceptions, with most
research concentrated in the southern Great Plains. Barriers included a range of social, informational,
practical, and regulatory concerns. This compilation of research synthesizes the current knowledge
regarding social perceptions of and potential barriers to prescribed fire use so that fire practitioners
and communities considering prescribed fire use for rangeland management have the most current
information to make sound decisions.
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1. Introduction

As a natural resource management concern, wildland fire has been characterized as a
wicked problem for which integrated social-ecological research is important for a thorough
understanding. In ecosystems management, “wicked problems” are those without clear-cut
solutions that require collaborative and adaptive processes that involve a diversity of
stakeholders [1]. Rather than quick fixes, wicked problems related to wildland fire are best
addressed with long-term improvements to systems [2], ideally from an integrated social-
ecological perspective. In the US Great Plains, the exclusion of fire from fire-dependent
ecosystems is the root of many wicked socio-ecological problems (e.g., [3], Table 4.2), and
reducing this fire deficit with prescribed fire management is a common example of long
term system improvement.
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To develop a meaningful understanding of environmental dynamics in complex
landscapes, researchers must consider ‘natural’ and ‘human’ systems as combined social-
ecological systems. The delineation between the social and ecological fields is artificial
and arbitrary [4]. The social-ecological systems approach replaces the idea that humans
are simply external drivers in ecosystems and that natural spaces are only resources for
humans [5]. Social-ecological research is an interdisciplinary approach that emphasizes the
relationship between ecology and society. Research from the social-ecological perspective
is more than the sum of social and ecological research done independently, but rather a
third space that highlights the interconnectedness of the two [6].

Although forest ecosystems (and resources therein) have long been understood to
be affected by fire, wicked problems of fire in rangeland ecosystems have also emerged.
Rangelands are inherently social ecological systems that can be studied and managed as
such [7]. Covering nearly 50% of land area worldwide [8], the majority of rangelands are
working landscapes—land with economic and cultural values in addition to biodiversity
conservation and ecosystem service delivery. Without consideration for both social and
ecological components, attempts to change management practices on rangelands may not
succeed [9]. Managing rangelands as social-ecological systems requires understanding
feedbacks between ecosystem dynamics and how social perspectives modulate those
dynamics via management decisions and practices.

Individually, social-ecological studies largely focus on local and place-based stud-
ies [6]. However, the scope of social-ecological research is broad, and considers climate
change, biodiversity loss, livelihoods, poverty, policy, land use changes, water, and socio-
logical and environmental justice [5]. Pluralism characterizes the social-ecological field [10].
Researchers that engage in social-ecological research often use methodologies, theories,
and frameworks from their home field, e.g., economics, policy, psychology, sociology,
etc. These methodologies, theories, and frameworks are often used in tandem with the
social-ecological systems research framework based on resilience, adaptability, and trans-
formability of a human community to challenges and changes [11]. This framework aims
to unify the complex and evolving multidisciplinary knowledge of social ecology.

Fire & The Great Plains

Globally, the frequent, low-intensity fire regimes of many pre-settlement rangelands
have been altered by changes in human land use [3]. In the central US, these alterations are
typically characterized as either infrequent, high-intensity fires following encroachment of
highly flammable Juniperus species into grassland in the south [12,13], alternatively, current-
day fire exclusion and suppression in the northern Great Plains leaves these grasslands
typically unburned [14].

As the impacts of fire exclusion have been realized worldwide, managers have sought
to use prescribed fire to restore ecological function and ecosystem service delivery. Pre-
scribed fire is the intentional application of fire to land for management purposes [15].
Prescribed fire provides several important services in rural landscapes and native prairie-
dominated pastures, including reducing wildland fuels that could lead to wildfires [16],
controlling woody invasion and non-native species [17,18], enriching habitat and forage
for both wildlife and livestock [19,20], and enhancing native species diversity and hetero-
geneity in grassland communities [21].

Prior to Euro-American settlement of the Great Plains, fires of natural and human
origin were not uncommon. Indigenous peoples who first called the Great Plains home
used fire to remove old grass, promote new growth, manage game, and for other cultural
uses [22-24]. As the Great Plains were settled by Euro-Americans, the indigenous peoples
of the Plains were removed from their traditional lands and forced further west. This
removal of indigenous peoples also largely removed the cultural use of fire from the
landscape. Concurrent with Euro-American ideas of land ownership and permanent
settlement came buildings, fences, and other improvements vulnerable to prairie fires on
the open plains [25,26]. To support this permanent settlement, native grasslands were



Land 2022, 11, 1521

30f16

cultivated and cropped, which in turn reduced grazing and fire on the landscape [27].
Extirpation of native grazers, coupled with a loss of cultural fire resulted in an abundance
of grass fuel that led to extreme fire behavior.

Colonialism, capitalism, and a disconnect between humans and natural processes
in the space they inhabited contributed to the reduction and removal of fire from the
Great Plains. The previously described period of extreme wildfires in the early 1910s that
ecologically and economically devastated great portions of the nation also created a lasting
depiction of fire as a dangerous and destructive force [22,28]. The development of a strong
anti-fire sentiment and perception that fire is inherently dangerous to American people and
their way of life resulted in fire suppression policies that excluded fire from the landscape
even further [29].

While this anti-fire sentiment led to decades without fire in many fire-dependent
ecosystems, fire use did persist in some areas, particularly in the southern Great Plains.
In the Flint Hills of Kansas, private landowners and the National Park Service’s Tallgrass
Prairie National Preserve have been burning for decades to maintain the prairie ecosys-
tem [30,31]. Communities in the Southern Great Plains beyond the Flint Hills have also
regularly employed fire in rangeland management. A culture in a community that supports
burning can normalize the elective use of prescribed fire, thus removing or alleviating the
social pressures one faces when deciding whether to burn or not [32,33].

Community-level acceptance and use of prescribed fire in the southern Great Plains
led to the development of Prescribed Burn Associations (PBAs). PBAs are land manager
coalitions that support the use of prescribed fire through training, resource pooling, and
community support [34]. These landowners widely use, support, and promote prescribed
fire. Beyond these associations, there are significant barriers that limit individual landown-
ers in their ability and desire to apply fire to the landscape.

The cultural acceptance of fire as a legitimate management strategy has not fully
extended throughout the Great Plains. Prescribed burning as a management practice in
the Northern Great Plains is largely limited to wildlife management objectives by federal
entities, state organizations, and non-governmental organizations (NGOs) [19,35].

Understanding the perceptions and barriers to fire application in the Great Plains
helps researchers and natural resource managers appropriately address fire perceptions
in discussions regarding fire use with private land managers. This review collected and
reviewed all current work on the perceptions of prescribed fire to identify trends and
gaps in the current knowledge. This article is comprised of two sections: “How we know
what we know” examines the geographical scope and breadth of methodologies employed
in the social science research on prescribed fire in the Great Plains, including the types
of studies conducted; location of the participants and respondents; and demographics
of stakeholder groups studied. “What we know” examines the specific results, broad
implications, and knowledge gaps left by the body of social science literature on prescribed
fire in the Great Plains.

This first paper in the two-part article series focuses on the common barriers to fire
application in the Great Plains. The second paper will investigate the solutions currently
employed to overcome barriers (i.e., ‘busting’ barriers) where increased fire use is desired
as well as barriers that are currently unaddressed. Potentially expandable solutions to
address barriers to prescribed fire use will be introduced as well.

2. Materials and Methods

This systematic review was completed December 2021 using three databases: Web of
Science, the North Dakota State University Library, and Google Scholar. Each database was
searched using the following search phrases: “Prescribed fire” + “Perception,” “Prescribed
fire” + “Attitudes,” “Prescribed fire” + “Human dimensions,” “Prescribed fire” + “Barriers,”
“Prescribed fire” + “Liability,” and “Prescribed fire” + “Economics”. These terms were
selected as they define the scope of the review.
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Initial article selection involved reviewing titles and abstracts with references to
the aforementioned search topics. After the initial articles were compiled, they were
read in their entirety and then either retained or removed from the study based on the
following criteria. The 44 articles retained for the review were directly related to prescribed
fire, occurred within the United States, and focused on open ecosystems: grasslands,
savannas, and other rangelands. Retained articles were then sorted into themes: Private
landowner perception studies, Federal State and Local natural resource perception studies,
Fire Organizations, Liability and legal regulations, Smoke, Economics, and “other.”

The articles were classified as quantitative or qualitative by their method of data col-
lection. Quantitative works were those that employed surveys as the primary research tool.
Qualitative works were those that used interviews and focus groups as the research tool.
The articles were further labeled at the methodology level by research tools. Non-empirical
works were included such that the research tool classification also listed literature reviews,
record analyses, and economic modeling. An annotated bibliography was developed for
the 44 included articles.

3. How We Know What We Know: Methods in Social Science on Prescribed Fire
3.1. Research Method

Two-thirds of the retained studies (28/44) reporting on social perceptions of prescribed
fire used quantitative research methods, while the other third used qualitative methods.
Whereas quantitative research methods primarily relied on one research tool, a survey, quali-
tative methods used a greater variety of tools to investigate social perceptions (Figure 1). Of
the 44 studies, only 34 directly solicited information from stakeholders. The other 10 articles
reported information from relevant literature, legal records, and economic models.

Frequency of Methodology

N
o
1

Number of Papers

Survey

T T
Record Analysis Interviews Economic Model Literature Review Focus Group
Research Tool

Figure 1. The frequency with which various research tools have been employed in the investigation
of social perceptions of prescribed fire in the US Great Plains. There are more than 44 observations
recorded in this figure, as some articles employed multiple research tools.

Most of the knowledge available in the peer-reviewed literature on the social per-
ceptions of prescribed fire has come from surveys—28 of the 44 studies reviewed here
employed surveys as the primary research instrument. Both email and conventional postal
mail were used to distribute surveys, with a considerable preference for conventional postal
delivery methods (95%). A limited number of the retained studies employed interviews
and focus groups as the primary research tool. Of the 44 primary articles, only 6 used one
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or more of these qualitative methods. Often, focus groups and interviews were secondary
research tools that accompanied or informed quantitative analysis.

Due to few instances in which the complex and wicked problem of prescribed fire in
rangelands has been examined using qualitative or mixed-method approaches, the current
knowledge available is limited in richness. While quantitative methods such as surveys can
reach a greater number of respondents and can be easier to analyze, when used alone they
have the potential to miss relevant issues or questions due to their rigid design and fixed a
priori hypotheses [36]. Qualitative methods can provide a greater depth of understanding
through their flexible design and results in the form of the respondent’s own words [37,38].

In addition to the 10 articles that did not directly solicit information from stakeholders,
4 others included indirect approaches, resulting in 14 of the 44 review studies using
literature reviews, record analysis, and economic modeling. Literature reviews focused
on prescribed burn associations, legal liability, and the economics of prescribed fire. The
reviews of legal liability also incorporated reviews of prior case law and the change in
liability over time. The economic literature reviews often included predictive modeling to
estimate financial outcomes.

3.2. Respondents and Location

In the studies included in this review, respondents consisted of private landowners, fire
organization members, non-governmental organization members, county judges, county
commissioners, state, and federal natural resource managers. Empirical studies have
primarily focused on private landowners (60%). Federal, state, and private natural resource
entities were the next most included (23%). The stakeholders least commonly contacted
were judges, county commissioners, and fire professionals (1%). Some respondents may
have fit into multiple categories, but studies only provided classifications per the targeted
respondent roles.

Most of the current knowledge is regionally based in the southern Great Plains, with
more than 47% of study participants being from Texas and 32% from Oklahoma (Figure 2).
This focus on the southern Great Plains is likely due to a stronger pro-fire culture, a
greater use of fire on the landscape, and lead scientists working from institutions based in
those states. While the findings from these works are generalizable to communities in the
southern Great Plains, they do not consider the unique context or the specific attitudes and
perceptions of communities in other parts of the Plains.

Where Study Participants are Located

-120

Percent of Papers

40
30
20
10

-100 -80
Longitude

Figure 2. This map shows the location of study participants in 44 articles included in this review.
While the Great Plains was the primary focus of this review some of the articles included gathered
information from participants in states beyond the Great Plains as well.
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4. What We Know

The studies included in this review present the primary barriers to fire application:
Social Perception, Conceptual Understanding, Technical Proficiency, Practical Barriers
(Labor, Equipment, Changing landscapes, Time, Economics), and Policy and Liability
(Figure 3). The results are presented in this order to emphasize the importance of social
perception on all other barriers. The acceptance of burning as a practice precipitates the
decision to engage with information, resources, and policies that are relevant to the practice.

11

Pro - Rx mindset

Membership in a Prescribed Burn Association

Social network of
pro - Rx mindset

Sharing knowledge
and experiences

\

Sharing equipment and labor
resources

PBA insurance for members

=/

Positive personal
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community and
personal safety
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why to apply Rx Fire
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Access to equipment
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other brush management
options

PRACTICAL

Lack of available time to apply
Rx fire
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fragmentation

Lack of flexible financial
resources
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policies to reduce legal
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Shifting legal liability
standards

Obtaining RXx fire insurance

REGULATION

Environmental regulations
limiting Rx use

Negative personal
attitude towards Rx
fire
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appropriate safety
training

Lack of the necessary
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Lack of necessary labor

Legal repercussions in the
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3 ; Not understanding :
Negative community Appropriate weather Burn restrictions
attitude towards Rx how to al:lpl_y Rlx fire conditions
fire (social norms) (tec o S e
proficiency) Limited opportunities to use Rx fire
q .

Figure 3. Conceptual model of the barrier builders and barrier busters currently reported by the
studies included in this review that affect whether a potential prescribed fire practitioner in the
US Great Plains might actually use prescribed fire. Barrier builders are circumstances that limit or
prohibit the use of prescribed fire. Barrier busters are tools or resources that support or encourage the
use of prescribed fire. Barrier builders and busters were organized into four categories as interpreted
by the research team. The gray boxes represent barrier busters or builders that span more than
one category with specific examples listed therein. Citations for these statements can be found
in Appendix A.

4.1. Social Perceptions

Here we review attitudes towards fire (or outright support for or against fire) and
effects of social norms towards fire (or the perception of what neighbors or community
members accept or not). Perceptions regarding safety, which are emotionally based, are
included here. The safety portion of this section features risk perceptions and concerns
regarding smoke caused by prescribed burning. Risk perceptions pertaining to legal liability
in the case of an escape are covered in a following section.

4.1.1. Attitudes

Respondents across the studies included in this review did not agree that prescribed
fire is a beneficial and legitimate land management practice. Five percent (2/44) of studies
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reported that more than 50% of their survey respondents believed that fire is ecologically
beneficial [39,40], 2% (1/44) reported survey respondents holding a more neutral stance
on the benefits of prescribed fire [41], and 2% (2/44) reported that more than 50% of their
respondents did not believe that fire was beneficial [42]. PBA members were found to
have stronger support for prescribed fire than nonmembers [39,40,43]. This result is not
surprising, as a group interested in and invested in a management practice would be
expected to support its use.

In addition to the general acceptance of burning, the relative preference of fire com-
pared to other management practices varied across studies. Eleven percent (5/44) of studies
reported that landowners favored burning over other brush control methods [40,44-46],
even if only by a narrow margin [39]. Some landowners preferred mechanical meth-
ods [41,47] or grazing [48] over the use of fire.

4.1.2. Social Norms

Regardless of a practitioners’ personal acceptance of fire, some felt their ability to burn
was limited by the perceptions of prescribed fire held by members of their community.
These are the social norms which are the formal and informal rules of attitudes or behav-
iors that are acceptable in a group [32]. Within ranching communities, social norms are
important to the decision-making process of community members [49].

State agencies, private entities, and private landowners reported community members
not liking or not using fire as a barrier to their own fire use [50-53]. Respondents from
federal agencies expressed some limitations on fire use due to public opinion, but generally
rated it as a smaller limitation than other groups [52,53]. This is not to say that federal
agencies do not practice neighborliness or disregard public opinion, but rather that in
included studies they did not report social norms to be as limiting as other groups did
regarding the use of fire. Perhaps this is because local or state regulations on prescribed fire
often do not apply to federal burners on federal land.

4.1.3. Risks

The perceived risk associated with prescribed fire by potential burners is a barrier to
prescribed fire use. Landowners have cited their decision not to burn out of concern for
neighbors, concern for the community, and concern for the burner’s own personal safety
and property [41,42,47,50,51,54]. The preponderance of responses to interviews conducted
by Harr et al. [51] were centered around the emotional response and language used to
describe the fears related to fire risk.

Perceived risks related to prescribed fire can be related to insufficient technical pro-
ficiency of fire use and application. In a structural equation model, risk was marginally
associated with the use of fire; instead it was found that a lack of resources needed to
apply fire safely and control the risk led to a limited use of fire [40]. This concern regarding
risk could be circumvented by providing further training and resources to increase the
competency that potential burners feel.

While some landowners elect not to burn due to concerns regarding their personal
safety, those safety concerns might be rooted in an inaccurate perception of prescribed fire.
When compared with other agricultural practices, prescribed fire resulted in significantly
fewer fatalities than other operation actions such as crop and animal production [55].
Prescribed fire risk is often conflated with the danger of wildfire management, which leads
to an inflated perception of the risk involved in prescribed burning. In a 50-year span from
1963 to 2013 on forests and grasslands, only 6 deaths were related to prescribed burns as
opposed to 201 related to wildfires [55].

4.1.4. Smoke

An additional safety concern that can impact the decision to burn or support burning
is the smoke produced by prescribed fire. Smoke concerns, a negative element of prescribed
fire, are a safety issue for the surrounding community of a burner [41]. There is substantially
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greater tolerance for smoke from a lightning strike or wildland fire over smoke from
prescribed fire [56,57].

Particulate matter in smoke produced by fire, or any origin, can impact human health.
Unlike wildfire, prescribed fire does not occur at the same intensity and can be conducted
when weather conditions are favorable [58,59]. Additionally, as prescribed fires are planned
events community members and neighbors can be notified prior to the burn so that they can
avoid unnecessary exposure to smoke [3]. That being said, narrow preferred timeframes
for burning can result in a lot of prescribed fire occurring at one time which can contribute
to negative health and safety impacts [60].

4.2. Conceptual Understanding

Of the studies in this review, the concepts of knowledge and education are presented
but none explicitly differentiates between conceptual understanding and technical profi-
ciency. In this review, conceptual understanding refers to the rationale and information
that guides a landowner as to why one should put fire on the ground. Technical proficiency
refers to the training, knowledge, and experience that informs a landowner how one puts
fire on the ground.

While understanding the benefits of applying fire to the landscape does not limit the
use of prescribed fire, it has not been shown to promote its use either. In some cases, prior
research suggested that landowners found a lack of conceptual understanding as only
a minor limiting factor to application of fire [51]. In 7% of studies, respondents found
conceptual understanding to be more than a minor restraint, which limited their use of
fire [39,42,47].

Conceptual understanding has very rarely been reported to impact attitudes towards
fire use but is often recommended by authors outside those included in this review as a
way to increase fire use. Of studies included in this review, only Loomis et al. [61] claimed
that increased conceptual understanding would lead to increased public acceptance of
prescribed fire use. Conversely, Brunson et al. [48] emphasized that their findings did not
support the notion that increasing citizen knowledge would increase acceptance of the
practice (see also [45,46]). Additionally, structured equation modeling shows that limited
conceptual understanding has a weak to moderate impact on attitudes towards fire by
producers [62].

Understanding decision-making processes of prescribed fire practitioners provides
insight into the value and impact of conceptual understanding on burners. An investigation
of the decision-making process found that people more often made decisions using affective
heuristic and dual processes instead of a purely analytical process [63]. The affective
heuristic is the binary positive or negative emotional tag that an individual associates with
a concept [63]. In cases where analytical decision processes were used the likelihood of
using fire increased. This does suggest that traditional educational efforts are important to
the likelihood of application, but educational efforts could increase in their impact if the
programming broaches the emotional elements of prescribed fire as well.

4.3. Technical Proficiency

Unlike conceptual understanding, the desire for and the impact of technical proficiency
on the use of prescribed fire significantly increases fire use. A lack of technical proficiency
(training, knowledge, and experience) was cited by producers as being a major obstacle
to getting fire on the ground [34,44,51,54]. Specifically, increased safety training was
desired for the increased use of prescribed fire for some practitioners [39,40,64]. Even
in fire organizations (PBAs) where private landowners share knowledge and experience
and engage in safety training, increased technical proficiency was still considered a top
need [65].

Increased technical proficiency gives potential burners a sense of confidence and
competency in the use of prescribed fire. Additionally, as fire competency increases through
training and experience, both the burner and the community surrounding the burner feel
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more comfortable and confident in the burner’s ability to conduct a fire. Toledo et al. [62]
found that as experience with prescribed fire increases, the perceived benefits of prescribed
fire tend to outweigh the risks and attitudes towards the use of fire improve-attitudes
towards fire are influenced by feelings of competency that are related to social approval.

4.4. Practical Barriers

Practical barriers represent obstacles that potential burners may encounter after they
have decided to accept prescribed fire as a beneficial practice and feel they are ready to
apply fire to the landscape. A lack of labor or equipment and the changing landscape of
the Great Plains are things that physically limit the ability of a producer to put fire to the
ground. Time and economics are less tangible, but they also practically limit the ability to
burn after the decision to do so has been made.

4.4.1. Labor

Burners are often legally required to have a certain number of people present and
active on the burn line, although the number and qualifications of the group varies from
State to State. In North Dakota, for example, no trainings or qualifications are needed,
but the crew size is specified: “At least four [people] must be present when the prairie is
burned” (North Dakota Century Code § 18-07-06).

Study respondents were limited in their fire applications due to insufficient help. A
total of 20% of studies reported that a lack of labor was a moderate to significant barrier to
the application of fire by both private and public land managers [34,40,42,44,47,51-53,66].
Respondents and researchers concluded that better access to labor would increase fire
applied to the landscape [40]. Specifically, some respondents suggested that assistance
from fire departments would increase their use of prescribed fire [39].

Adequate resources, specifically labor, do not directly impact acceptance of fire but
rather the ability to burn after one has accepted the practice. A lack of labor was found to
have a weak to moderate indirect effect on attitudes towards prescribed fire [62]. As such,
increasing labor for potential burners would not be a primary intervention to promote
increased fire use but, it is a critical need of those already interested in fire use.

4.4.2. Equipment

Various types of equipment are needed for the preparation of burn units and to
conduct a safe burn. Tools are needed to create fire breaks (tractors, plows, mowers), to
conduct the burn (torches, hand tools, water units, vehicles), and to ensure the burn crew’s
safety (fire-resistant personal protective equipment, hand-held radios). Some resources are
readily available on a typical farm or ranch, whereas others are more specific and costly,
so the average land manager may not have them on hand. Additionally, some equipment
is required by formal prescribed fire programs, such as fire-resistant fabrics, which is not
required—but is encouraged—for private landowners.

Whether or not a potential practitioner has access to equipment substantially affects their
ability to burn. Several studies (14%) in this review reported that a major obstacle to both indi-
vidual burns and an active fire program was a lack of proper equipment [34,42,44,47,54,67]. Re-
searchers have documented that access to equipment could increase use of prescribed fire [39,40].

4.4.3. Changing Landscape

There has been a notable change in the landscape of the Great Plains with the continual
spread of non-ranch development, land holding fragmentation, and an increase in absentee
landowners. These fragmented and subdivided landholdings create more fire breaks in
the landscape and as such limits the size of prescribed fires [68]. Residential areas and
development have limited burning for federal, state, and private land managers [52,53].
This change has created a physical barrier to fire application.
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4.4.4. Time

Time, like money, is an investment on behalf of land managers that first requires
acceptance of prescribed fire as a beneficial and worthwhile practice. Time, or a lack thereof,
has been found to be a constraint to applying prescribed fire [42,51]. The time it takes
to apply fire to the land is not the only time investment required—producers listed the
increased complexity and workload of planning the burn as an additional investment of
time [51].

As solutions to barriers are developed, the time investment a potential burner may be
required to commit continues to grow. States that provide certified burn manager training
programs before one can burn and receive reduced liability are asking for an investment
of time from practitioners. As are PBAs when they require members to assist with a burn
on the land of other members before they would get to use the PBAs resources to burn
their own lands. These solutions, while helpful, heavily rely on the willingness of potential
burners to invest their already limited time.

Variability of weather, changes in seasonality due to climate change, and regionally
applied burn bans can make the planning and application of fire a challenge for potential
burners by narrowing the time frame in which they can burn. The time frame in which a
burn is conducted is dependent on the land management goals of the burner. Burners at the
Federal, State, and private levels all consider these narrow time frames a significant barrier
to fire application [52,53]. A disconnect between preferred burning season and seasons
with ideal weather days serves to further limit fire use [67,69].

4.4.5. Economics

In the case of woody plant control methods, prescribed fire is the cheapest long-term
reduction option. Respondents in both the northern and southern Great Plains agreed
that the cost of fire is cheaper than mechanical and chemical treatments for controlling
brush [39,44,67]. This perception that prescribed fire is significantly cheaper than other
treatments was confirmed by economic modeling [70].

Despite the cost-effectiveness of burning, cost emerged in this review as a barrier to
prescribed fire use. The cost of fire did not serve as motivation for all potential burners to
use fire, but rather as a barrier. In the survey by Bendel et al. [42], 50% of ranchers felt that
financial resources were a constraint to applying fire. Respondents in Harr et al. [51] felt
that fire did not directly benefit their ranching operations, but that it benefited wildlife and
thus was incongruent with their management goals and bottom line. Operations with tight
budgets may forgo investing in new management practices such as prescribed fire.

Agency land managers are required to work within fixed budgets and as such cost
can be a barrier to fire application. Federal and state land managers reported cost to be
a moderate to significant barrier to the application of fire [52,53,66]. Quinn-Davidson
and Varner [53] found that planning costs and a lack of adequate funding were moderate
impediments to the use of prescribed fire by federal land managers, but both were a much
higher concern for state land managers. This suggests that larger federal budgets may
result in fewer financial barriers to applying fire.

4.5. Policy & Regulation

If a land manager has decided that burning is an acceptable practice, understands
why to burn, how to burn, and has the required resources to conduct the burn, they may
yet find themselves blocked by legal barriers outside of their control such as burn bans or
environmental protection restrictions. A potential burner also may be completely prepared
but may fear the legal repercussions of an escape during the burn and thus choose not to
burn. These policy and regulation barriers will be explored in the following paragraphs.

4.5.1. Regulations and Burn Bans

While prescribed fire can adequately mimic natural fire effects when conducted under
appropriate conditions, the protection by state and federal legislation of resources and
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species limits the use of prescribed fire. These protections vary across states and species.
Regulation (e.g., air quality) and environmental laws were relatively large impediments
to burning by federal, state, and private entities [47,53,66]. Not all articles reported envi-
ronmental regulations as a barrier to fire use, which is likely due to the variation in these
regulations among the various states.

The narrow seasonal time frames for conducting a prescribed fire can be further
limited by county and statewide restrictions on open burning. These restrictions, often
called burn bans, are statewide or county-wide restrictions on open burning enacted by
county commissioners, governors, or forestry division leaders in cases of weather and
safety concerns [71]. An investigation of burn ban decision-making found that county
commissioners in the Southern Great Plains often enacted burn bans due to objective safety
criteria and after seeking information from fire and emergency personnel; however, some
commissioners reported applying bans at their own discretion as well [72].

Burn bans can limit the days a potential burner has available to apply fire to the
landscape. As noted earlier, the narrow time frames are a barrier to fire application [52,53].
Survey respondents also reported that burn bans negatively impacted their willingness to
apply fire to their lands [73].

In some jurisdictions, exemptions to burn bans can be made by county commissioners
for burners with certain levels of training. States with certified burn manager programs
may allow certified burners to burn during open burning restrictions [71]. States with
stronger pro-fire cultures and programs see greater legal advocacy for burners.

4.5.2. Legal Liability

In a review of legal barriers to prescribed fire application, Wonkka et al. [71] identified
three defined liability standards that could be applied by a court in the case of escape. The
most lenient of the liability standards was gross negligence, which holds the burner liable
if they wantonly or recklessly applied fire without the slightest semblance of care. The next
was simple negligence, which requires burners to practice reasonable care. The harshest
standard was strict liability, which holds the burner liable for all damage regardless of any
precautions they took while burning. In the case where the liability was undefined, states
usually followed simple negligence rules or prior case law.

In 2015, only 4 states applied gross negligence, 20 applied simple negligence, 5 applied
strict liability, and 21 states had undefined liability standards [71]. In the Great Plains, only
Texas and Oklahoma had simple negligence liability standards, whereas the rest of the
Plains states (Kansas, Nebraska, North Dakota, and South Dakota) all were found to have
undefined liability standards [71].

The articles included in our review stressed that prescribed fire use has been signif-
icantly limited by fear of liability in the case of an escape. Fear of liability was found
to be a commonly cited reason across studies as to why many private landowners did
not burn [39,41,44,47,50,51,66,74]. In Florida, federal, state, and private land managers
all consider the risks associated with liability in the case of an escaped burn to be a very
significant barrier to applying fire [52]. This differed from the survey in California where
federal and state land managers considered legal liability a less significant barrier than
private entities did [53].

While respondents cited liability as the greatest barrier to burning, Weir et al. suggest
that what people truly fear is their perception of liability, “Inaccurate perception of the
danger and severity of liability is a greater barrier to prescribed fire than that of the actual
danger and liability [74].” Weir et al. go on to argue that the actual risks of prescribed fire
versus the perceived risks are driving this sentiment. The authors suggest reducing the
liability burners might face in an escape would help to change this perception.

5. Conclusions

Future research in this arena should include qualitative work to gain more nuanced
perspectives of individuals’ perceptions. Inclusion of lesser-studied community members,
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especially those of rapidly growing minority groups, could provide a more holistic under-
standing of changing social norms that influence prescribed fire use. There is also a need
for increased work outside of the southern Great Plains to confirm that the current findings
apply beyond the previously studied communities.

In addition to methodological expansion, investigations into wildfire and prescribed
fire risk conflation and perceptions of liability could provide insight to the true nature of
these barriers. As could be seen with paper percentages in Section 4.1.1. titled Attitudes,
there is a lack of studies addressing attitudes and perceptions. An increase in studies with
direct questions regarding attitudes will provide more comparable data and better insight
to community perceptions.

All barriers to the adoption and application of prescribed fire relate back to the
perception of fire that a potential practitioner holds. As the future of the Great Plains
faces the impacts of climate change, fragmentation, and woody invasion and research
demonstrates the benefits of prescribed fire, managers desiring to increase prescribed fire
use may need to go beyond the analytical understanding of prescribed fire and consider
the emotional and social aspects as well.
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Appendix A

Table A1l. Figure 3 presented in tabular format, with APA citations for each text box in the figure.

Category Barrier Status Statement Citation
Pro—Rx mindset [39,40,43]
Barrier Buster Social networks of pro—Rx mindset [62]
Social Positive personal attitude towards Rx fire [39-41]
ocia
Concern for community and personal safety [41,42,47,50,51,54]
Barrier Builder Negative personal attitude towards Rx fire [42,63]
Negative community attitude towards Rx fire [50-53]
(social norms)
Barrier Buster Sharing knowledge and experiences [34,62,65]
Not understanding why to apply Rx Fire [39,42,47]
(conceptual understanding) S
Knowledge
Barrier Builder Not having the appropriate safety training [39,40,64]
Not understanding how to apply Rx fire [34,44,51,54]

(technical proficiency)
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Table Al. Cont.

Category Barrier Status Statement Citation
Sharing equipment and labor resources [34,62,65]
Access to equipment [39,40]

Barrier Buster

Low cost of Rx fire relative to other brush

. [39,44,67,70]
management options
Lack of available time to apply Rx fire [42,51]
Practical B
Development and land fragmentation [52,53]
Lack of flexible financial resources [42,52,53,66]
Barrier Builder B
Lack of the necessary equipment [34,42,44,47,54,67]
Lack of necessary labor [34,42,44,47,51-53]
Appropriate weather conditions [52,53,67]
PBA insurance for members [74]
Incentivized State Certification programs or policies to
. [65,75,76]
Barrier Buster reduce legal liability
Shifting legal liability standards [39,74,77]
Regulation Obtaining Rx fire insurance [76,78]
Environmental regulations limiting Rx use [47,53,66]
Barrier Builder Legal repercussions in the case of escape [39,41,44,47,50,51,66,74]
Burn restrictions [39,52,53]

References

1. DeFries, R.; Nagendra, H. Ecosystem Management as a Wicked Problem. Science 2017, 356, 256-270. [CrossRef] [PubMed]

2. Carroll, M.S,; Blatner, K.A.; Cohn, PJ.; Morgan, T. Managing Fire Danger in the Forests of the US Inland Northwest: A Classic
“Wicked Problem” in Public Land Policy. J. For. 2007, 105, 239-244. [CrossRef]

3. McGranahan, D.A.; Wonkka, C.L. Ecology of Fire-Dependent Ecosystems: Wildland Fire Science, Policy, and Management; CRC Press:
Boca Raton, FL, USA, 2020; ISBN 978-0-429-94493-2.

4. Berkes, E; Folke, C. Linking Social and Ecological Systems for Resilience and Sustainability. Link. Soc. Ecol. Syst. Manag. Pract.
Soc. Mech. Build. Resil. 1998, 1, 4.

5. Biggs, R.; de Vos, A.; Preiser, R.; Clements, H.; Maciejewski, K.; Schliiter, M. (Eds.) The Routledge Handbook of Research Methods for
Social-Ecological Systems; Taylor & Francis: Abingdon, UK, 2021.

6. de Vos, A.; Biggs, R.; Preiser, R. Methods for Understanding Social-Ecological Systems: A Review of Place-Based Studies. Ecol.
Soc. 2019, 24, 16. [CrossRef]

7. Hruska, T.; Huntsinger, L.; Brunson, M.; Li, W. Rangelands as Social-Ecological Systems. In Rangeland Systems; Springer: Cham,
Switzerland, 2017; pp. 263-302.

8. Havstad, K; Peters, D.; Allen-Diaz, B. The Western United States Rangelands: A Major Resource. Grassland Quietness and
Strength for a New American Agriculture. Available online: https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134 /2009
.grassland.c5 (accessed on 23 March 2022).

9. Brunson, M.W. The Elusive Promise of Social-Ecological Approaches to Rangeland Management. Rangel. Ecol. Manag. 2012, 65,
632—637. [CrossRef]

10. Folke, C.; Biggs, R.; Norstrom, A.V.; Reyers, B.; Rockstrom, J. Social-Ecological Resilience and Biosphere-Based Sustainability
Science. Ecol. Soc. 2016, 21, 3. [CrossRef]

11. Walker, B.; Holling, C.S.; Carpenter, S.R.; Kinzig, A. Resilience, Adaptability and Transformability in Social-Ecological Systems.
Ecol. Soc. 2004, 9, 2. [CrossRef]

12.  Fuhlendorf, S.D.; Smeins, EE.; Grant, W.E. Simulation of a Fire-Sensitive Ecological Threshold: A Case Study of Ashe Juniper on
the Edwards Plateau of Texas, USA. Ecol. Model. 1996, 90, 245-255. [CrossRef]

13.  Margolis, E.Q.; Margolis, E.Q. Fire Regime Shift Linked to Increased Forest Density in a Piflon-Juniper Savanna Landscape. Int. ].
Wildland Fire 2014, 23, 234-245. [CrossRef]

14. Umbanhowar, C.E. Recent Fire History of the Northern Great Plains. Am. Midl. Nat. 1996, 135, 115-121. [CrossRef]

15. Hiers, ].K.; O’Brien, ].].; Varner, ].M.; Butler, B.W.; Dickinson, M.; Furman, J.; Gallagher, M.; Godwin, D.; Goodrick, S.L.; Hood,

S.M.; et al. Prescribed Fire Science: The Case for a Refined Research Agenda. Fire Ecol. 2020, 16, 11. [CrossRef]


http://doi.org/10.1126/science.aal1950
http://www.ncbi.nlm.nih.gov/pubmed/28428392
http://doi.org/10.1093/jof/105.5.239
http://doi.org/10.5751/ES-11236-240416
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/2009.grassland.c5
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2134/2009.grassland.c5
http://doi.org/10.2111/REM-D-11-00117.1
http://doi.org/10.5751/ES-08748-210341
http://doi.org/10.5751/ES-00650-090205
http://doi.org/10.1016/0304-3800(95)00151-4
http://doi.org/10.1071/WF13053
http://doi.org/10.2307/2426877
http://doi.org/10.1186/s42408-020-0070-8

Land 2022, 11, 1521 14 of 16

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Fernandes, PM.; Botelho, H.S. A Review of Prescribed Burning Effectiveness in Fire Hazard Reduction. Int. |. Wildland Fire 2003,
12, 117-128. [CrossRef]

Kral, K.; Limb, R.; Ganguli, A.; Hovick, T.; Sedivec, K. Seasonal Prescribed Fire Variation Decreases Inhibitory Ability of Poa
Pratensis L. and Promotes Native Plant Diversity. J. Environ. Manag. 2018, 223, 908-916. [CrossRef] [PubMed]

Foster, D.; Swanson, E; Aber, J.; Burke, I.; Brokaw, N.; Tilman, D.; Knapp, A. The Importance of Land-Use Legacies to Ecology
and Conservation. BioScience 2003, 53, 77-88. [CrossRef]

Grant, T.A.; Madden, E.M.; Shaffer, T.L.; Dockens, ].S. Effects of Prescribed Fire on Vegetation and Passerine Birds in Northern
Mixed-Grass Prairie. J. Wildl. Manag. 2010, 74, 1841-1851. [CrossRef]

Gottfried, G.J.; Allen, L.S.; Warren, P.L.; McDonald, B.; Bemis, R.J.; Edminster, C.B. Private-Public Collaboration to Reintroduce
Fire into the Changing Ecosystems of the Southwestern Borderlands Region. Fire Ecol. 2009, 5, 85-99. [CrossRef]

Fuhlendorf, S.D.; Harrell, W.C.; Engle, D.M.; Hamilton, R.G.; Davis, C.A.; Leslie Jr, D.M. Should Heterogeneity Be the Basis for
Conservation? Grassland Bird Response to Fire and Grazing. Ecol. Appl. 2006, 16, 1706-1716. [CrossRef]

Courtwright, J. “When We First Come Here It All Looked Like Prairie Land Almost”: Prairie Fire and Plains Settlement. West.
Hist. Q. 2007, 38, 157-179. [CrossRef]

Anderson, R.C. Evolution and Origin of the Central Grassland of North America: Climate, Fire, and Mammalian Grazers.
J. Torrey Bot. Soc. 2006, 133, 626—647. [CrossRef]

Pyne, S.J. The Great Plains: A Fire Survey; University of Arizona Press, Tuscon, AZ, USA, 2017; ISBN 978-0-8165-3616-0.

Valese, E.; Conedera, M.; Held, A.C.; Ascoli, D. Fire, Humans and Landscape in the European Alpine Region during the Holocene.
Anthropocene 2014, 6, 63-74. [CrossRef]

Nowacki, G.J.; Abrams, M.D. The Demise of Fire and “Mesophication” of Forests in the Eastern United States. BioScience 2008, 58,
123-138. [CrossRef]

Allen, M.S.; Palmer, M.W. Fire History of a Prairie/Forest Boundary: More than 250 Years of Frequent Fire in a North American
Tallgrass Prairie. J. Veg. Sci. 2011, 22, 436—444. [CrossRef]

Pyne, S.J. Fire in America: A Cultural History of Wildland and Rural Fire; University of Washington Press: Washington, DA, USA,
2017; ISBN 978-0-295-80521-4.

Hudson, M. Fire Management in the American West: Forest Politics and the Rise of Megafires; University Press of Colorado: Boulder,
CO, USA, 2011; ISBN 978-1-60732-089-0.

Hoy, J.E; Isern, T.D. Bluestem and Tussock: Fire and Pastorialism in the Flint Hills of Kansas and the Tussock Grasslands of New
Zealand. Great Plains Q. 1995, 15, 169-184.

Anderson, K.L. Grazing Management and Fire in the Flint Hills. Trans. Kans. Acad. Sci. 1967, 70, 171-176. [CrossRef]

Hechter, M.; Opp, K. What Have We Learned about the Emergence of Social Norms? Russell Sage Foundation: New York, NY, USA,
2001; Volume 9, p. 2.

Twidwell, D.; Rogers, W.E.; Fuhlendorf, S.D.; Wonkka, C.L.; Engle, D.M.; Weir, ].R.; Kreuter, U.P,; Taylor, C.A. The Rising Great
Plains Fire Campaign: Citizens’ Response to Woody Plant Encroachment. Front. Ecol. Environ. 2013, 11, e64—e71. [CrossRef]
Taylor, C.A. Prescribed Burning Cooperatives: Empowering and Equipping Ranchers to Manage Rangelands. Rala 2005, 27,
18-23. [CrossRef]

Higgins, K.F. Effects of Fire in the Northern Great Plains; U.S. Fish and Wildlife Service and Cooperative Extension Service; South
Dakota State University: Brookings, SD, USA, 1989.

Desai, V.; Potter, R. Doing Development Research; SAGE: Thousand Oaks, CA, USA, 2006; ISBN 978-1-4129-0284-7.

Skinner, D.; Tagg, C.; Holloway, J. Managers and Research: The Pros and Cons of Qualitative Approaches. Manag. Learn. 2000, 31,
163-179. [CrossRef]

Miles, M.B.; Huberman, A.M. Qualitative Data Analysis: An Expanded Sourcebook; SAGE: Southern Oaks, CA, USA, 1994;
ISBN 978-0-8039-5540-0.

Kreuter, U.P.; Woodard, J.B.; Taylor, C.A.; Richard Teague, W. Perceptions of Texas Landowners Regarding Fire and Its Use.
Rangel. Ecol. Manag. 2008, 61, 456—464. [CrossRef]

Toledo, D.; Kreuter, U.P.; Sorice, M.G.; Taylor, C.A. The Role of Prescribed Burn Associations in the Application of Prescribed
Fires in Rangeland Ecosystems. ]. Environ. Manag. 2014, 132, 323-328. [CrossRef]

Morton, L.W,; Regen, E.; Engle, D.M.; Miller, ].R.; Harr, RN. Perceptions of Landowners Concerning Conservation, Grazing, Fire,
and Eastern Redcedar Management in Tallgrass Prairie. Rangel. Ecol. Manag. 2010, 63, 645-654. [CrossRef]

Bendel, C.; Toledo, D.; Hovick, T.; McGranahan, D. Using Behavioral Change Models to Understand Private Landowner
Perceptions of Prescribed Fire in North Dakota. Rangel. Ecol. Manag. 2020, 73, 194-200. [CrossRef]

Stroman, D.A.; Kreuter, U.P.; Wonkka, C.L. Landowner Perceptions of Woody Plants and Prescribed Fire in the Southern Plains,
USA. PLoS ONE 2020, 15, €0238688. [CrossRef] [PubMed]

Toledo, D.; Kreuter, U.P,; Sorice, M.G.; Taylor, C.A. To Burn or Not to Burn: Ecological Restoration, Liability Concerns, and the
Role of Prescribed Burning Associations. Rangelands 2012, 34, 18-23. [CrossRef]

Gordon, R.; Brunson, M.W.; Shindler, B. Acceptance, Acceptability, and Trust for Sagebrush Restoration Options in the Great
Basin: A Longitudinal Perspective. Rangel. Ecol. Manag. 2014, 67, 573-583. [CrossRef]

Shindler, B.; Gordon, R.; Brunson, M.W.; Olsen, C. Public Perceptions of Sagebrush Ecosystem Management in the Great Basin.
Rangel. Ecol. Manag. 2011, 64, 335-343. [CrossRef]


http://doi.org/10.1071/WF02042
http://doi.org/10.1016/j.jenvman.2018.06.096
http://www.ncbi.nlm.nih.gov/pubmed/30005416
http://doi.org/10.1641/0006-3568(2003)053[0077:TIOLUL]2.0.CO;2
http://doi.org/10.2193/2010-006
http://doi.org/10.4996/fireecology.0501085
http://doi.org/10.1890/1051-0761(2006)016[1706:SHBTBF]2.0.CO;2
http://doi.org/10.1093/whq/38.2.157
http://doi.org/10.3159/1095-5674(2006)133[626:EAOOTC]2.0.CO;2
http://doi.org/10.1016/j.ancene.2014.06.006
http://doi.org/10.1641/B580207
http://doi.org/10.1111/j.1654-1103.2011.01278.x
http://doi.org/10.2307/3627115
http://doi.org/10.1890/130015
http://doi.org/10.2111/1551-501X(2005)272.0.CO;2
http://doi.org/10.1177/1350507600312002
http://doi.org/10.2111/07-144.1
http://doi.org/10.1016/j.jenvman.2013.11.014
http://doi.org/10.2111/REM-D-09-00041.1
http://doi.org/10.1016/j.rama.2019.08.014
http://doi.org/10.1371/journal.pone.0238688
http://www.ncbi.nlm.nih.gov/pubmed/32898171
http://doi.org/10.2111/RANGELANDS-D-11-00037.1
http://doi.org/10.2111/REM-D-13-00016.1
http://doi.org/10.2111/REM-D-10-00012.1

Land 2022, 11, 1521 15 of 16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Elmore, R.D.; Bidwell, T.G.; Weir, ].R. Perceptions of Oklahoma Residents to Prescribed Fire. In Proceedings of the Tall Timbers
Fire Ecology Conference Proceedings, Tallahassee, FL, USA, 5 May 2009; Volume 24, p. 12.

Brunson, M.W.; Shindler, B.A. Geographic Variation in Social Acceptability of Wildland Fuels Management in the Western United
States. Soc. Nat. Resour. 2004, 17, 661-678. [CrossRef]

Sliwinski, M.; Burbach, M.; Powell, L.; Schacht, W. Ranchers” Perceptions of Vegetation Heterogeneity in the Northern Great
Plains. Great Plains Res. 2018, 28, 185-197. [CrossRef]

Schohr, T.K.; Gornish, E.S.; Woodmansee, G.; Shaw, J.; Tate, KW.; Roche, L.M. Practitioner Insights into Weed Management on
California’s Rangelands and Natural Areas. Environ. Manag. 2020, 65, 212-219. [CrossRef]

Harr, R.N.; Wright Morton, L.; Rusk, S.R.; Engle, D.M.; Miller, ].R.; Debinski, D. Landowners’ Perceptions of Risk in Grassland
Management: Woody Plant Encroachment and Prescribed Fire. Ecol. Soc. 2014, 19, art41. [CrossRef]

Haines, T.K.; Busby, R.L.; Cleaves, D.A. Prescribed Burning in the South: Trends, Purpose, and Barriers. South. |. Appl. For. 2001,
25,149-153. [CrossRef]

Quinn-Davidson, L.N.; Varner, ] M. Impediments to Prescribed Fire across Agency, Landscape and Manager: An Example from
Northern California. Int. |. Wildland Fire 2012, 21, 210. [CrossRef]

Polo, J.A.; Tanner, E.P.; Scholtz, R.; Fuhlendorf, S.D.; Ripberger, ].T.; Silva, C.L.; Jenkins-Smith, H.C.; Carlson, N. Mismatches in
Prescribed Fire Awareness and Implementation in Oklahoma, USA. Rangelands 2020, 42, 196-202. [CrossRef]

Twidwell, D.; Wonkka, C.L.; Sindelar, M.T.; Weir, ].R. First Approximations of Prescribed Fire Risks Relative to Other Management
Techniques Used on Private Lands. PLoS ONE 2015, 10, e0140410. [CrossRef] [PubMed]

Weisshaupt, B.R.; Carroll, M.S.; Blatner, K.A.; Robinson, W.D.; Jakes, PJ. Acceptability of Smoke From Prescribed Forest Burning
in the Northern Inland West: A Focus Group Approach. J. For. 2005, 103, 189-193. [CrossRef]

Blades, J.J.; Shook, S.R.; Hall, T.E. Smoke Management of Wildland and Prescribed Fire: Understanding Public Preferences and
Trade-Offs. Can. J. For. Res. 2014, 44, 1344-1355. [CrossRef]

Williamson, G.].; Price, O.F,; Henderson, S.B.; Bowman, D.M.].S.; Williamson, G.J.; Price, O.F.; Henderson, S.B.; Bowman, D.M.].S.
Satellite-Based Comparison of Fire Intensity and Smoke Plumes from Prescribed Fires and Wildfires in South-Eastern Australia.
Int. ]. Wildland Fire 2012, 22, 121-129. [CrossRef]

Di Virgilio, G.; Hart, M.A.; Jiang, N. Meteorological Controls on Atmospheric Particulate Pollution during Hazard Reduction
Burns. Atmos. Chem. Phys. 2018, 18, 6585-6599. [CrossRef]

Towne, E.G.; Craine, ].M. A Critical Examination of Timing of Burning in the Kansas Flint Hills. Rangel. Ecol. Manag. 2016, 69,
28-34. [CrossRef]

Loomis, J.B.; Bair, L.S.; Gonzalez-Caban, A. Knowledge Gained, Attitudes Changed in Florida. J. For. 2001, 99, 5.

Toledo, D.; Sorice, M.G.; Kreuter, U.P. Social and Ecological Factors Influencing Attitudes Toward the Application of High-Intensity
Prescribed Burns to Restore Fire Adapted Grassland Ecosystems. Ecol. Soc. 2013, 18, art9. [CrossRef]

Hoffman, J.K; Bixler, R.P,; Treadwell, M.L.; Coleman, L.G.; McDaniel, T.W.; Kreuter, U.P. The Impact of Affective Heuristics in
Decision-Making Regarding the Implementation of Prescribed Fire on Private Rangelands in the Southern Great Plains, USA. Soc.
Nat. Resour. 2021, 34, 621-638. [CrossRef]

Joshi, O.; Poudyal, N.C.; Weir, ].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] [PubMed]

Weir, ].; Twidwell, D.; Wonkka, C.L. Prescribed burn association activity, needs, and safety record: A survey of the Great Plains.
Great Plains Fire Sci. Exch. GPE Publ. 2015, 6, 19.

Kobziar, L.N.; Godwin, D.; Taylor, L.; Watts, A.C. Perspectives on Trends, Effectiveness, and Impediments to Prescribed Burning
in the Southern U.S. Forests 2015, 6, 561-580. [CrossRef]

Symstad, A.J.; Leis, S.A. Woody Encroachment in Northern Great Plains Grasslands: Perceptions, Actions, and Needs. NAAR
2017, 37,118-127. [CrossRef]

Ryan, K.C.; Knapp, E.E.; Varner, ]. M. Prescribed Fire in North American Forests and Woodlands: History, Current Practice, and
Challenges. Front. Ecol. Environ. 2013, 11, e15-e24. [CrossRef]

Yurkonis, K.A.; Dillon, J.; McGranahan, D.A.; Toledo, D.; Goodwin, B.]. Seasonality of Prescribed Fire Weather Windows and
Predicted Fire Behavior in the Northern Great Plains, USA. Fire Ecol. 2019, 15, 7. [CrossRef]

Van Liew, D.; Richard, C.; Kreuter, U.P,; Teague, R. An Economic Comparison of Prescribed Extreme Fire and Alternative Methods
for Managing Invasive Brush Species in Texas: A Modeling Approach. TOAS] 2012, 6, 17-26. [CrossRef]

Wonkka, C.L.; Rogers, W.E.; Kreuter, U.P. Legal Barriers to Effective Ecosystem Management: Exploring Linkages between
Liability, Regulations, and Prescribed Fire. Ecol. Appl. 2015, 25, 2382-2393. [CrossRef]

McDaniel, TW.; Wonkka, C.L.; Treadwell, M.L.; Kreuter, U.P. Factors Influencing County Commissioners’ Decisions about Burn
Bans in the Southern Plains, USA. Land 2021, 10, 686. [CrossRef]

Kreuter, U.P,; Stroman, D.A.; Wonkka, C.L.; Weir, J.; Abney, A.A.; Hoffman, ].K. Landowner Perceptions of Legal Liability for
Using Prescribed Fire in the Southern Plains, United States. Rangel. Ecol. Manag. 2019, 72, 959-967. [CrossRef]

Weir, J.R.; Kreuter, U.P.; Wonkka, C.L.; Twidwell, D.; Stroman, D.A.; Russell, M.; Taylor, C.A. Liability and Prescribed Fire:
Perception and Reality. Rangel. Ecol. Manag. 2019, 72, 533-538. [CrossRef]

Yoder, J.; Tilley, M.; Engle, D.; Fuhlendorf, S. Economics and Prescribed Fire Law in the United States. Rev. Agric. Econ. 2003, 25,
218-233. [CrossRef]


http://doi.org/10.1080/08941920490480688
http://doi.org/10.1353/gpr.2018.0029
http://doi.org/10.1007/s00267-019-01238-8
http://doi.org/10.5751/ES-06404-190241
http://doi.org/10.1093/sjaf/25.4.149
http://doi.org/10.1071/WF11017
http://doi.org/10.1016/j.rala.2020.09.002
http://doi.org/10.1371/journal.pone.0140410
http://www.ncbi.nlm.nih.gov/pubmed/26465329
http://doi.org/10.1093/jof/103.4.189
http://doi.org/10.1139/cjfr-2014-0110
http://doi.org/10.1071/WF11165
http://doi.org/10.5194/acp-18-6585-2018
http://doi.org/10.1016/j.rama.2015.10.008
http://doi.org/10.5751/ES-05820-180409
http://doi.org/10.1080/08941920.2020.1864534
http://doi.org/10.1016/j.jenvman.2018.09.089
http://www.ncbi.nlm.nih.gov/pubmed/30293022
http://doi.org/10.3390/f6030561
http://doi.org/10.3375/043.037.0114
http://doi.org/10.1890/120329
http://doi.org/10.1186/s42408-019-0027-y
http://doi.org/10.2174/1874331501206010017
http://doi.org/10.1890/14-1791.1
http://doi.org/10.3390/land10070686
http://doi.org/10.1016/j.rama.2019.08.004
http://doi.org/10.1016/j.rama.2018.11.010
http://doi.org/10.1111/1467-9353.00055

Land 2022, 11, 1521 16 of 16

76.  Yoder, J.; Engle, D.; Fuhlendorf, S. Liability, Incentives, and Prescribed Fire for Ecosystem Management. Front. Ecol. Environ. 2004,
2,361-366. [CrossRef]

77. Hinojosa, A.; Kreuter, U.P.; Wonkka, C.L. Liability and the Use of Prescribed Fire in the Southern Plains, USA: A Survey of District
Court Judges. Land 2020, 9, 318. [CrossRef]

78. Parajuli, R;; Joshi, O.; Poudyal, N.C.; Kreuter, U.P. To Insure or Not to Insure? Factors Affecting Acquisition of Prescribed Burning
Insurance Coverage. Rangel. Ecol. Manag. 2019, 72, 968-975. [CrossRef]


http://doi.org/10.1890/1540-9295(2004)002[0361:LIAPFF]2.0.CO;2
http://doi.org/10.3390/land9090318
http://doi.org/10.1016/j.rama.2019.07.007

	Introduction 
	Materials and Methods 
	How We Know What We Know: Methods in Social Science on Prescribed Fire 
	Research Method 
	Respondents and Location 

	What We Know 
	Social Perceptions 
	Attitudes 
	Social Norms 
	Risks 
	Smoke 

	Conceptual Understanding 
	Technical Proficiency 
	Practical Barriers 
	Labor 
	Equipment 
	Changing Landscape 
	Time 
	Economics 

	Policy & Regulation 
	Regulations and Burn Bans 
	Legal Liability 


	Conclusions 
	Appendix A
	References

