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Editorial on the Research Topic

Climate, Land Use, and Fire: Can Models Inform Management?

INTRODUCTION

Changes in fire regimes, including changes in fire intensity, frequency, and seasonality have resulted
from anthropogenic activities including shifts in land use, land management practices, urbanization
of the wildlands, and human-caused climate change (e.g., Bowman et al., 2020; Coop et al., 2020).
The clear human fingerprint on fire activity in many regions (Archibald et al., 2013) indicates that
landscape management may alter the trajectory of fire regimes in a changing climate. This hopeful
call to action requires a sound understanding of landscape management effects on across different
fire regimes in the context of other human and biophysical factors. It is challenging to isolate the
individual contributions of these factors given their diverse spatial and temporal footprints.
However, a diversity of modeling efforts can be used to improve understanding of changing fire
regimes, to assess vulnerability to societal and ecosystem values, and to help design and test effective
management options that would mitigate undesirable outcomes (e.g., fire impacts to communities,
degradation of air quality, change in ecosystem structure, feedbacks to global climate) while
preserving many of the ecological benefits of fire. Recent trends in extreme fire seasons
including the 2019–2020 Southeast Australian bushfires (Nolan et al., 2020) and the 2020
Western United States fires (Higuera and Abatzoglou, 2020) catalyze the need to deliver useful
science-based information to decision-makers for devising effective adaptive strategies to reduce the
impacts from future extreme fire seasons.

Humans have long influenced fire regimes, albeit in complex and heterogeneous ways (e.g., Pyne
1993). Land use changes have continued in recent decades as agricultural expansion and
intensification have reduced burned area in grasslands and savannas (e.g., Andela et al., 2017),
while land exploitation and deforestation have increased fire occurrence in peatlands (e.g., Normile
2019) and forests (e.g., Escobar 2019). While fire is a biophysical process, human behavior and
decisions drive many global fire regimes and changes thereof. Humans dictate many fire regimes
though a number of vehicles: adding ignitions in places and at times of year that ecosystems have not
been subject to in the past (e.g., Syphard and Keeley 2014; Balch et al., 2017); introducing invasive
species that cause surface fuel continuity where patchiness prevented fire spread (e.g., Brooks et al.,
2004); suppressing fire thereby allowing for fuel accumulation and expansion of fire sensitive species
(e.g., Novacki and Abrams 2008); establishing fire-prone homogeneous tree plantations (e.g., Zald
and Dunn 2018); and expanding the wildland urban interface (e.g., Mietkiewicz et al., 2020). Human
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migration as a result of climate change, economics, and local
conflicts for dwindling resources (e.g., Cattaneo et al., 2019)
suggest continued changes in human fingerprint on fire
regimes across much of the planet.

SYNTHESIS OF STUDIES

This Research Topic included seven articles that used a diversity
of modeling approaches to assess how climate, land use, and other
anthropogenic factors influence fire regimes to inform managers
and land stewards. Studies focused on different fire prone
environments across the globe from Brazil to the southwestern
United States and Canada, from southeastern Australia to the
Mediterranean basin. Because fire impacts vary widely across
ecosystems, geographies and scales, a hierarchy of modelling
approaches is required to meet the different goals of fire
management, for instance reduction of fire risk, conservation
of threatened ecosystem types and biodiversity, increase in
carbon storage, or mitigation of anthropogenic climate change.
The contributions that constitute this Research Topic highlight
both a search for better understanding of fire-ecosystem
responses to a constellation of anthropogenic factors and the
development of vehicles that deliver usable information and tools
to landmanagers and decisionmakers preparing for both the next
fire season as well as that of the next several decades.

Since fuels reduction is a hot topic issue and is often
brandished as the one size fits all solution to the extreme fire
behavior, we highlight two articles (Clarke et al., 2020; O’Connor
et al., 2020) that show the importance of fuels reduction in one
dryland ecosystem and the only short term success in another. A
second grouping of studies highlighted the various ways in which
modeling can more broadly inform management decisions,
including a review of various modeling efforts to help
managers assess and address ecosystem stability (Loehman
et al., 2020), the identification of non-stationarity in extreme
fire seasons that emphasizes the need for modernizing fire risk
approaches (Barbero et al., 2020), and the importance of
ecosystem threshold behavior in savanna ecosystems to
changing fire frequency that will require agile models
forecasting such drastic change in conditions (Gomes et al.,
2020). Two final papers highlight next steps for the fire
modeling community: the well known goal of improving earth
system models that are used to simulate future climate and could
be used to assess the climate mitigation potential of fire
management to inform international policy (D’Onofrio et al.,
2020); the potential of linking fire regime characteristics with fire
management decisions in modeling efforts to create more useful
tools to address the challenges ahead (Taylor 2020).

Influence of Fuel Reduction Efforts
Clarke et al. (2020) used a pyrogeographic approach and machine
learning to compare the influence of four fundamental switches
(fuel load, fuel dryness, fire weather, and ignitions) on large fire
probability across both forests and grasslands in southeastern
Australia. They found nonlinear responses—notably with
increased fuel dryness in forested environments. Furthermore,

a reduction in fuel load from 24 to 16 t ha−1 in forests yielded a
50% decrease in large fire probability. Their results suggest that
landscape-scale reductions in fuel load—well in excess of levels
currently applied—have the potential to ameliorate the climate
change-driven rise in the probability of large forest fires.

O’Connor et al. (2020) simulated the interactions of climate,
fire, and active management along an ecological gradient of
shrublands, woodlands, and forests on a mountain range in
Arizona. Their results showed the overwhelming impacts of
climate change in arid environments with or without
disturbance. Desert grassland and shrub communities were
maintained or even expanded while woodland and forests
receded to climate refugia sites regardless of management
actions. Recommended fuel treatments showed potential to
mitigate the severity of fire effects and to slow the transition
from forest to shrubland but without preventing it entirely.

Tying Modeling Results With Management
Decisions
Loehman et al. (2020) described three modeling approaches
applicable for land management: historical comparisons to
create a frame of reference, future comparative modeling to
explore plausible futures, and threshold detection modeling
to warn managers about possible loss of ecosystem stability.
As rapid climate change alters disturbance regime limiting the
usefulness of looking back at previous behaviors and likely
overwhelming current land management strategies, they
emphasize the critical need for collaboration between modelers
and field ecologists to integrate local knowledge that describes
emerging novel ecosystems.

Barbero et al. (2020) quantified changes in fire weather
conditions including extreme fire seasons imparted by
anthropogenic climate change over France. Using
counterfactual simulations that excluded first-order estimates
of modeled changes in climate, they estimated that 47–72% of
the observed trends in various fire weather indices across
Mediterranean France during 1958–2017 were attributable to
anthropogenic climate change. Finally, they demonstrated that
climate change has significantly altered the probability of
extreme fire seasons. For example, fire weather conditions
similar to those observed during the extreme 2003 fire season
were estimated to be 25 times more likely today compared to
pre-industrial climate. This work highlights the importance of
modernizing fire risk proxies during an era of changing
environmental conditions.

Gomes et al. (2020) investigated the responses of plant
biomass to frequent fires in the Brazilian savanna (Cerrado).
The biennial fire use in agricultural practices is also a source of
ignition for the surrounding natural vegetation. They used the
BEFIRE (Behaviour and Effect of Fire) model which includes
relationships between fire frequency, plant biomass and fire
emissions based on data compiled from experimental burnings
in the Cerrado region. The study showed that under biennial fire
regimes only herbs and grasses were able to recover most of their
biomass between fire events, while such a regime led to
degradation and the altered coexistence of the different plant
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types in shrub and tree ecosystems. The model simulations
should inform fire management to increase the resilience of
the threatened biome.

Next Steps for Modeling
D’Onofrio et al. (2020) evaluated dynamic global vegetation
models using remote sensing data in terms of the vegetation-
climate-fire relationships. By analyzing these relationships it was
possible to critique model structures and inform development
options based on model-data comparison. Possible
improvements related to the representation of fire, drought
and grass-tree competition were identified to improve models
used for future projections of vegetation and the carbon cycle as
well as in Earth SystemModels. The representation of fire in such
models is important to understand the effects of changing fire
regimes but also the potential influence of human fire
management on future climate and ecosystem properties.

Taylor (2020) investigated the relationship between wildfire
activity and management decisions across spatio-temporal scales
in Canada. Time series analysis methods were applied to
investigate the temporal scales of fire weather and activity
while fire management decision problems were identified
through interviews with fire management agencies. The scales
of fire activity were connected to the spatio-temporal dimensions
of fire management decisions, e.g., the larger spatio-temporal
scales of area burned or fire frequency matched the spatio-
temporal scales of resource capacity while the scales of
resource utilization were close to the scales that matter for fire
spread. The results implied that the different areas of fire
planning needed to take into account different aspects of
fire regime changes. Taylor proposed that this framework
relating the scales of fire activity to fire management decisions
could be extended to include mechanisms such as increasing
atmospheric CO2.

CONCLUDING REMARKS

Continued efforts are needed to understand the roles played by
top-down climate factors and bottom-up land-management in
the tapestry of changing global fire regimes. Investigating
different scenarios of human activities, including
management, may be as important as investigating climate
scenarios to understand the potential and the boundaries of
the human leverage. Integration of scientific understanding
with practitioners’ local knowledge is the key to develop
effective management strategies for different landscapes at
actionable scales to achieve desirable fire regime outcomes
(e.g., reduced fire risks, conservation of ecosystem
services)—particularly under otherwise non-stationary
environmental and societal conditions. Studies such as those
highlighted in this Research Topic showcase that models
provide advances in understanding and provide outcomes
that can inform management while being critically
challenged and improved by collaborations with field
practitioners. Ongoing changes in environmental and
societal landscapes and their collective impacts on fire
regimes reinforces the need to develop tools that provide
guidance how fire management can be used to mitigate fire
risk. Bringing together modelers, field ecologists, managers,
and practitioners to share their respective knowledge will not
only facilitate the development of effective adaptation strategies
but also create better science. As Thomas Kuhn simply stated it,
the answers you get depend upon the questions you ask and
managers do have many questions for the scientists.
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