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Editorial

Resource managers juggle existing aims and new requirements to
operationalize adaptation as the effects of climate change accrue and
worsen. Fire managers must deal with the direct effects of climate change
on resources, as well as climate-induced changes in fire regimes and their
consequences for ecosystems. Increased fire activity accelerates the pace
of change and scale of severe disturbance events in systems stressed by
warming and drying, emphasizing the urgency for management action.
Fire managers are being expected to combine data on climate impacts with
their professional knowledge to figure out how to meet management goals
in a changing environment with shifting fire regimes. This is a challenging
endeavor, and managers will want assistance as they integrate climate
adaptation into their planning and operations. Based on co-produced
information from a science-management partnership and pilot-tested in a
two-day workshop with natural resource managers and regional stakeholders,
we propose a list of adaptation methods and techniques unique to fire and
climate [1]. For fire managers who need to connect the links between fire
ecology, climate research, adaptation intent, and management execution, this
"menu” is a versatile and effective tool. It was developed and tested as part
of a national adaptation framework, and it should be relevant and useful in a
wide range of fire-prone forest ecosystems.

Climate and wildfire are intricately linked, and broad trends in large or unusual
wildfires, fueled by extreme weather and altered ecosystem processes, point
to the need to improve climate-fire adaptation. Global climate change is
frequently noted as a key ecological consequence of changing fire regimes
(i.e., the set of features and patterns of fire across time). Weather conditions,
fuel supply, and ignite sources all have direct and indirect influence on
wildfire activity as a result of climate change. Climate change is driving an
increase in and intensification of fire activity globally, in tandem with other
anthropogenic influences on fire regimes (e.g., fire suppression), a trend that
has been seen for decades. Furthermore, the disturbance of larger and more
frequent fires that burn at higher intensity levels may exacerbate the pace of
underlying ecological modification driven solely by climate change. Climate,
disturbance, and vegetation interactions are complicated, and climate change
may affect fire regimes in a variety of ways [2]. Changes in fire regimes
caused by climate change frequently disrupt essential ecosystem traits and
functions in ways that human groups find undesirable. Though observed and
modeled changes in fire regimes differ at regional and smaller scales, there
are significant indications that climate-altered fire regimes pose a serious
danger to ecosystem integrity and resilience.

General climate trends of warming and drying in the western United States
(US) have direct implications for major fire regime characteristics such as
frequency, severity, size, behavior, timing (seasonality), and geographical
pattern of fires. Warmer and drier circumstances are predicted to increase fire
hazard, fire activity, severity, and annual area burned, as well as lengthens fire
seasons, according to models; empirical investigations have already shown
these effects [3]. Changes in fire regimes caused by climate change have a
cascade influence on ecosystem features. Plant populations in ecosystems
where fire regimes alter are prone to demographic adjustments, which often

include higher mortality and restricted regeneration success. Changes in fire
regime characteristics can have an impact on the composition, structure,
and availability of plant species. Disruptions to fire regimes may prove to
be resilient "tipping points"-thresholds where even slight changes can lead
to major; sudden changes in ecosystem state-when systems are already
suffering high levels of baseline stress owing to climate change and other
anthropogenic disturbances. Positive feedbacks and reciprocal connections
between variables can also magnify ecosystem effects. Evidence from
western forested ecosystems in the United States implies that climate and
fire interactions will have long-term consequences that affect the ecosystem
services and values provided by these landscapes in the past [4]. Resource
managers must evaluate these complicated relationships when evaluating
how climate change will affect local fire regimes, including how ecosystem
traits and operational capacities will adapt.

Their responsibilities also include identifying opportunities to use the best
available science and traditional knowledge to execute climate adaption
measures. Changed fire regimes pose hazards to ecosystems and human
values, and management solutions must address these concerns in ways
that are resilient to the uncertainty of future situations. Fire managers and
planners are faced with balancing social and environmental constraints
(e.g., health hazards from smoke, hydrological considerations, competing
and mutually exclusive ecological goals) that can complicate planning and
prevent the implementation of certain strategies when developing strategies
and operational activities to respond to social and ecological needs (e.g.,
safety from catastrophic fire, sustained ecosystem services, etc.). As aresult,
knowing the whole range of management options can assist managers in
designing and implementing adaptation strategies [5]. Given local and regional
demands and restrictions, that is holistic and acceptable. We use the definition
proposed by Swanston and others for adaptation: "the adjustment of systems
in response to climate change". This simple description is consistent with
far more complicated and extensive definitions, which are useful for delving
into the complexities of adaptation and implementing them. A rising body of
research aims to aid managers in making adaptation decisions by providing
outcomes that are directly related to their issues, spatial and temporal
scales, and responsibilities. Recent study in the Southwest United States,
resulting from science-management collaborations, has given management
with practical information on climate-fire-ecosystem relationships having
the perspective of founding "unacceptable fire" to describe the junction
of shifting fire regimes and social norms. We define unacceptable fires as
those that deviate from historical patterns and have consequences that are
incompatible with public safety, public health, and/or natural resource and
ecological management goals [6].

The Adaption Workbook for the Climate Change Response Framework (CCRF)
describes a framework for creating actionable adaptation strategies. Other
frameworks and typologies for climate adaptation conceptualization and
planning, such as the Adaptation for Conservation Targets Framework or the
Resist-Accept-Direct Framework, are also useful. The CCRF was chosen as a
good fit for this community of land managers because it is one of the most
developed, supported, and frequently utilized frameworks in natural resource
management in the United States. The Adaptation Work book is a decision-
making tool that allows managers to methodically assess their goals and
objectives in light of climate change dangers and opportunities, as well as
to identify realistic adaptation strategies. Differing management groups
and geographic places have different considerations, thus the procedure
takes that into account. To aid in the study and selection of adaptation
actions, the Adaptation Workbook uses a "menu” of adaptation techniques,
with nested approaches and sample tactics. Natural resource managers
confronting complicated climate concerns can use adaptation menus to
get a range of non-prescriptive, dynamic options. These options are offered
in a menu format rather than suggestions or recommendations to provide
a wide range of feasible selections that can match users' circumstances.
Vulnerabilities, assets, values, risk tolerance, and other considerations will
all influence the choices made. Menus can also be thought of as evolving,
long-term resources that can be revisited and improved over time. Multiple
programs and methodologies have been used to develop menus that cater to
certain discipline, regional, and community-based interests [7]. The Adaption
Workbook is ideal for assisting fire managers in developing adaptation
measures that will help them achieve their goals. We wanted to improve
the effectiveness of the Adaptation Workbook for fire management by
collaborating with an existing science-management partnership to develop a
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menu of adaptation options tailored to the consequences of climate-induced
fire regime change (the "Fire Menu"). The Fire Menu offers managers a wide
selection of science-based adaptation options to consider, and it can be used
individually or in conjunction with the Adaptation Workbook.

Wildfire is an important ecological phenomenon that occurs in ecosystems
all throughout the world. Even in locations where fire has historically
happened seldom, it affects and sustains the diversity, structure, and
function of vegetative ecosystems. Over the last few centuries, extraordinary
anthropogenic disruptions have changed the characteristics of numerous fire
regimes. These disturbances include more than a century of fire suppression,
which has largely eliminated wildfire as a regulatory agent. In many regions,
subsequent changes in fuel qualities have raised the likelihood of unusually
large and violent wildfires. As a result, current management efforts have
shifted to restoring fire regimes through prescribed burning and controlled
wildfires. Returning fire to landscapes and cultures where it has been forcibly
prohibited has been demonstrated to offer a number of ecological and social
benefits, including a decrease in future wildfire activity that is more likely to
occur at unfavorable spatial scales or severity. Despite the uncertainties and
obstacles, fire may continue to play a vital role in future forests that have
been impacted by climate change [8]. Over the last few centuries, fire has
been suppressed in many fire-adapted ecosystems, to the detriment of native
biological and human societies. The removal of fire from fire-dependent
ecosystems has had far-reaching and cascading effects on ecological scales.
Among these effects are accumulated hazardous fuel loads, which have
resulted in fire intensity, size, severity, or seasonality that are increasingly
outside of historical ranges. A lot of variety Managed wildfires and prescribed
burns (typically preceded by mechanical fuel reduction procedures) are
used to restore ecosystem services by restoring structure and function.
Additionally, there is evidence that process-based restoration of fire regimes
may boost climate change resistance in fire-dependent ecosystems.

Applying current climate science and fire ecology to operationalize
adaptation in day-to-day practice presents new challenges for land and
resource management. The Adaptation Menu for Fire Management gives
users a wide range of options spanning the concepts of resistance, resilience,
and transition, as well as logical links between concept and action. During
the session's end-of-day reflection, the workshop participants emphasized
these strengths [9]. The group also expressed interest in continuing future
collaboration as part of a Kaibab Climate Workgroup to keep regional fire and
climate adaptation conversations, science, and management efforts moving
forward in the future, including by sharing the Fire Menu and Adaptation
Workbook process with other audiences. Finally, the Menu's strength comes
from the co-production methodology and the ideas gained via it contains
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are relevant far beyond that region. Other Eco regions may need to tweak
the language and devise unique approaches for implementation actual
collaboration between individuals with diverse but complementary skill
sets and viewpoints. Despite the fact that the Menu was developed by and
for a group focused on fire and climate in the Southwest, the methods and
approaches, but they will almost certainly find themselves working with
relevant strategies and ideas. These tactics could be used not only in the
United States, but also in many other countries with fire-prone Eco regions.
This Menu can be used as part of broader educational initiatives regarding
the beneficial benefits and uses of fire in all of these locations, offering
clear strategies for dealing with uncharacteristic and unacceptable fire in
the face of climate change. As a result, the Fire Menu serves as both a tool
and a catalyst; we encourage people to use it directly, as well as to use it as
a starting point for exploring all options for adapting to changing fire and
climate regimes [10].
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