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Chapter

Shifting Wildfire Trends and
Management Implications for the
Wildland Urban Interface in the
Twenty-tirst Century

Rebecca Abney and Qin Ma

Abstract

Anthropogenic climate change is projected to impact a significant proportion
of ecosystems throughout the world. These shifts in climate are already impacting
a diversity of wildland and urban ecosystems, and they are projected to increase
wildfire frequency and severity in many regions. This projected increase is the
result of the interaction of altered drought, precipitation, and temperature regimes.
Understanding shifts in wildfire regimes is critical for managers at the wildland-
urban interface that work to protect structures and human life. This chapter will
explore how ongoing and future shifts in climate will drive alterations to natural
fire regimes in the United States, with focus on implications for the wildland-urban
interface.

Keywords: climate change, fire regime, urban-natural interface, wildfire

1. Introduction

Fire is a global phenomenon that has historically maintained the structure
and function of a range of ecosystems. Many ecosystems are adapted to periodic
fire events, known as fire regimes, that describe the interval and severity of fire
in a particular system. However, human influences in the twentieth century have
changed the frequency and severity of wildfire in many forested ecosystems and
understanding these shifts of fire regimes has been a major topic of investigation
for the past several decades. This research has elucidated the numerous, complex,
and interactive environmental factors driving shifts in wildfire regimes. Annually,
450 mHa of the Earth surface is burned due to wildfire [1], and the severity of wild-
land fires across the US has increased since the 1980s [2]. This is important because
as the size, severity, and frequency of fires have changed, their influence on human
infrastructure has become more damaging and costly.

The wildland-urban interface (WUI) is the boundary where human civilization
and unmanaged lands meet. Currently, this interface occupies over 770,000 km”
in the US, and increases in area classified as WUI are driven by ongoing develop-
ment that pushes urban environments further into wildland areas [3]. Increasing
development into the WUI puts increasing numbers of structures, mainly resi-
dential homes, and human lives at risk to damage or loss via wildfire. Further, the
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infrastructure required by the WUI presents an additional source of ignitions in
areas that are primed to burn. While trees exhibit traits of fire resistance [4, 5],
houses, in particular older structures, burn with greater intensity and speed. For
example, the 2018 Camp Fire in the Sierra Nevada of California burned quickly
through the town of Paradise while leaving many standing trees scorched but not
completely burnt. While this fire had many complex causes [6], the quick spread
of the fire through the town was a reason that escape was made difficult despite a
populous aware and prepared for the danger.

While these changes in fire regimes have exacerbated the damage in WUI,
anthropogenic climate change is expected to intensify the risk by fire to WUIs. Across
the US, climate change in the next century is projected to drive increases in wildfire
severity in some areas, and increased wildfire incidence in other areas [7]. Shifts
in wildfire patterns will be driven by shifts in precipitation timing and amounts,
vegetation, temperature regimes, and drought conditions [8-11]. While changing
climate patterns have been reasonably well characterized, wildfire regimes are more
complex to predict due to the interconnected nature of the drivers and hetero-
geneous nature of ignition sources. It is critical to understand and provide more
accurate predictions for shifts in wildfire frequency and severity, due to the loss of
life, economic damage, related catastrophic environmental events, such as flooding
or water quality damage. This is particularly important as human development into
the wildland areas, which are more prone to wildfires, has increased significantly
over the past half century.

2. Shifting wildfire regimes

Fire regimes integrate the tendency of vegetation to burn and the climate condi-
tions that promote fire in a metric that describes the spatial and temporal nature of
fire in a particular region. While there are several ways to calculate these metrics [12]
a general calculation includes a measure of how frequently a fire occurs at a location
(i.e., the average fire return interval) and the effect that fire has on vegetation (i.e.,
the severity of the fire). Variability in fire regimes is driven by differences in eleva-
tion, vegetation life history, drought and precipitation patterns, land-use, among
other ecosystem-specific parameters [13, 14]. Many animal and plant species have
co-evolved with fire and are adapted to specific fire regimes [15]. Some denser-
growing vegetation species are adapted to higher severity and stand-replacing burns,
such as in the Northern Rockies, while other species are more adapted to lower and
more moderate severity burns, such as in the southern Sierra Nevada.

The inherent complexity and spatial heterogeneity of fire regimes make it
difficult to make general recommendations for fire management [15]. However, the
implications of an expanding WUI and increasing trends of fire activity indicate a
clear problem for fire management. This is compounded by the possibility that fire
regimes may shift over time in response to anthropogenic driven changes in man-
agement, vegetation composition and density, and climate [16, 17].

2.1 History of fire regimes in the US

Historically, fire regimes were mostly driven by an ecosystem’s vegetation,
climate conditions, and human activities, which varied both spatially and temporally
over the US. In the Northern Rocky Mountains, stand replacing fires are typical
in pine forests of the region [18, 19]. Fires in this ecosystem occur at relatively low
frequency (longer return intervals), but when they do occur, they can burn large
areas of forest ecosystems at high severity, e.g., the Yellowstone fire in 1988 [20-22].
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In contrast, low-intensity fires occurred more frequently in the southwestern
forests of New Mexico and Arizona, due to the dry and warm semi-arid climate and
tree species that exhibited resistance to fires (e.g., Pinus ponderosa). Much of the
southeast was historically occupied by longleaf pine (Pinus palustris, Figure 1A),
which thrives in high frequency, low burn severity fire regimes [23]. Pre-European
settlement, longleaf pine forests were managed by Native American populations,
and post-settlement there was a significant decline in the land area of these forests
[24]. Currently, they are managed via frequent prescribed fire and are often grown
to produce pine straw [25]. While wildfires have been major drivers of the American
landscape, natural ecosystems are continually adapting to fire regimes over time in
response to shifts in vegetation, management, and climate. However, human activi-
ties, management, and climate change are also driving the interaction between fire
and vegetation over the past several centuries.

The shift in fire regimes in the Sierra Nevada is an example of the interactive
effects of human management and climate change. Prior to Euro-American settle-
ment, natural lighting strikes and fire activities by Native Americans were the
main causes of fire ignitions in the Sierra Nevada [26]. Forests were burned with
mixed-severity fires that included both light to moderate burning of understory and
crown fires at the interval of a decade or two. The small trees and ground fuels were
killed and cleaned in fires periodically, leaving patches of large, mature trees that
are more resistant to wildfires due to thick bark that is hard to burn, preventing fire
from spreading to the canopy [4, 5]. However, a combination of human influences
changed the structure of these forests and made them more susceptible to frequent
fires that spread through canopies. Early twentieth century logging practices
preferentially selected for these larger trees, opening up space for denser thickets
of small trees to colonize, leading to increases in forest density [27]. This change in
structure was reinforced by widespread suppression of fires that historically cleared
out undergrowth. Since the early twentieth century, fire suppression as a forest
management technique was widely adopted after several large and severe wildfires

Figure 1.

Five severity is in part controlled by the density of the fuels and firve veturn interval. In photo A, loblolly

pine (Pinus palustris) plantation in Georgia is managed for pulpwood production with prescribed fire
approximately every 3 years. This low severity, high frequency fire regime maintains an open canopy and low-
density fuels. In photo B, a conifer forest in Yosemite National Park one-year post recovery after the Rim Fire.
All photos are © R. Abney.
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in the Northern Rockies that killed many and destroyed a number of settlements.
The fire suppression efforts were successful in excluding low-severity fires, and this
management strategy reduced the fire frequency to the lowest frequency measured
in the past 3000 years [28]. Consequently, the accompanying densification of forests
due to the fire deficit has contributed to increasing numbers of devastating fires in
late twentieth and twenty-first centuries [29]. This shift in fire regimes is the result
of combined factors including (1) the reduction of regular fire usage, which were
regularly conducted by Native Americans to reduce fuel loads and to encourage
culturally important vegetation [30]; (2) legacy of decades of fire-suppression

that densified undergrowth which lead to increased spread of fire; (3) removal of
large trees, which are resilient to low-to-medium fires, due to industrialized timber
logging; (4) the disappearing of gaps among trees, which could have stopped fire
from spreading, but were filled with smaller and denser trees that can easily act as
continuous fuel sources and (5) species change from those with fire adverse traits,
to shade-tolerant ones [31]. The current fire regime that includes more high-sever-
ity, large fire size, is a significant challenge to forest managers and is a critical risk to
the safety of human life and development in the WUIL.

2.2 Drivers of wildfire change

Drivers of wildfire include three main categories: regional climate, fuel avail-
ability and condition, and ignition sources. In areas of low fuel density, sources of
ignition drive fire occurrence; however, in higher population density areas, such as
the WUI, fuel availability drives fire occurrence [32]. Climate influences fire occur-
rence by the timing and amount of precipitation, temperature, and wind speed.
Wildfire season starts when all these climate features reach their thresholds. The
intensity of drought and strength of wind as well as the length of wildfire season
is highly related to the severity and risk of wildfires. Westerling et al. [17] found
that an extended fire season, resulting from earlier spring warming and extended
drought in late fall, increased the fire frequency and severity in the Western US.
This trend is predicted to continue as climate gets warmer and drier with ongoing
climate change [7]. In the eastern US, precipitation and temperature patterns form a
different climate, and thus different fire seasons than the western US. Southwestern
forests are influenced by late-summer precipitation stemming from the North
American monsoon that end fire-season earlier in the year. The pacific north-west
and the Northern Rockies are routinely colder and wetter, thus interannual fire
season lengths are short in general.

The available fuel load in part determines the extent of wildfire, including
what and how much can be burned. In areas with limited fuel loads, such as the
shrubland and grassland in Southwestern US, fires can occur frequently but are
usually low-severity burns. High severity burns often occur in forests with large and
dense biomass, which can provide plentiful fuel sources for wildfires. The spatial
continuity of fuels also plays a critical role in shifts in fire regimes. The combina-
tion of large trees and clearings in forest floor vegetation in historical frequent-fire
Western forests constrained the spread of crown fires. Examples of this are found
in ponderosa or giant sequoia groves. However, effective fire suppression until the
1980s has reduced the number of surface fires that would have removed the ground
and understory fuels periodically. Small trees and undergrowth filled the gaps
between trunks and created continuous fuels that could carry flames to tree crowns,
which has in part lead to higher severity and larger fires in the Western US that are
currently observed [33] (Figure 2). Thus, forest and fire management can change
fire regimes by changing the quantity and structure of fuels.
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Figure 2.

The number of firves and land area burned in wildlands. Data are from the National Interagency Fire

Center [2]. The number of fires has remained relatively constant since the 1980s, but the land area burned has
increased, indicating that fives ave becoming larger and move catastrophic.

Ignitions are a critical factor of wildfire regimes. Before the European settle-
ment, lightning and Native American activities were the sources of ignition. As
populations and permanent infrastructure expanded in the past century, sources
of ignitions diversified, particularly in the WUI. While lightning is still an ignition
source of large, severe wildfires in areas of lower population density such as in
boreal forests and at higher latitudes [29], more fires are ignited by Anthropogenic
sources, particularly as the WUI expands, such as sparks from power lines [34],
accidental flares from camping fires [35], and deliberate arson [36].

The interactions among the three factors can change fire regimes in a positive
feedback cycle. In areas with low population and human activities, sources of fire
ignition increase fire occurrence, but in areas with high population density and
frequent human activities, fuel availability drives the fire regime. In the meanwhile,
shifts in climate can either increase or decrease the probability of fire occurrences in
addition to the other two drivers.

2.3 Shifts in wildfire management

Prior to Native American settlement of North America, wildfires were
unmanaged, and their severity and frequency were a result of the available fuel
load and local climatic factors, namely precipitation, temperature, and drought
conditions [37, 38]. North America was settled approximately 14,000 years ago
[39], and there is considerable evidence for management of landscapes by Native
Americans [40]. The exact magnitude of Native American burning is difficult to
determine, due to methodological limitations in reconstructing historic fire fre-
quencies [41], but the available evidence suggests that Native Americans utilized
low severity burns in order to maintain prairie habitats and encourage growth
of vegetation for cultural usage [40, 42]. The reconstructed fire record of the
western US suggests that much of the pre-European settlement wildfire regime
was primarily dictated by large-scale climate patterns, rather than via human
influence [28].

Around the turn of the twenty-first century, policies were introduced to encourage
fire suppression, mainly wildland firefighting, in part as a response to fires in the
Northern Rockies in 1910 and as a means to protect timber resources and human
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Figure 3.
Number of prescribed fires and acves burned in the United States from 1997 to 2018, data from the National
Interagency Five Center.

settlements [43, 44]. These policies generally did not consider fire suppression via
other management strategies (e.g., fuel load reductions, prescribed burning), which
led to a significant increase in the density of American forests [43].

In the past several decades, scientific research indicated the role that fires
play in natural ecosystems in shaping ecosystem dynamics, but also to prevent
the large fuel loading that results in larger, more severe wildfires. Following this
research and shifts in political perspectives, recent changes in legislation, namely
the Healthy Forests Initiative (2002) and the Healthy Forests Restoration Act
(2003) [44], have allowed for more prescribed burning (Figure 3). This rapid
increase in the use of prescribed fire across the US is likely to lead to a shift back
towards a more natural fire regime in some areas, although it is unlikely that
the magnitude of prescribed burning would approach the extent of what would
naturally occur.

Prescribed burning has been widely adopted in the southeastern US, which in
recent decades has led to a decrease in wildfires, with some exceptions in drought
years [45]. In the western US, prescribed burning has been slower to be more widely
adopted as a management strategy due to a number of factors, including the larger
proportion of public lands, more restrictive legislation, and concerns about emis-
sions and air quality [46]. Across the US, considerable public weariness of pre-
scribed fire has also been a major barrier to its widespread use [46], due to concerns
about control of the burns and air quality.

2.4 Predictions for future wildfire regimes

Projections for future wildfire regimes indicate that some areas of the US will
experience larger and more severe wildfires, while other areas will experience fewer
and less severe wildfires. The accuracy of these projections will in part depend
upon management techniques within fire-prone ecosystems, including the use of
prescribed burning vs. fire suppression [16]. In their recent study, Parks, Miller
[16] project significant decreases in wildfire severity in the western US, which they
attribute to changes in fuel loads into the twenty-first century and water deficit con-
ditions. In the southeastern US, projections indicate a slight increase in area burned,
with considerable variability across different states [47].
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3. Wildfire in the wildland-urban interface

The major concerns of wildfire in the WUI are the risk to human life, structures,
and economic productivity. The WUI comprises 9% of the land in the US, which
equates to 39% of all housing units [48]. Prior development increased the proportion
of land classified as a WUI from 1970 to 2000 by 52%, with future projections for
ongoing increases in WUI lands [49].

One major consideration for management of wildfire risk at the WUI is understand-
ing the drivers of shifts in wildfire regimes into the future. Some modeling work has
predicted that shifts in fire regimes into the future will be more significant for wildfire
occurrence at the WUI than expansion of WUI development [50]. However, with
increasing areas classified as WUI, there are also increasing ignition sources for wild-
fires and developed lands that could suffer wildfire damage [3]. Some modeling work
has shown that whether a residence has fire proofing, and the density of surrounding
homes and vegetation all interact to control the severity and size of wildfire [51].

3.1 Current and shifting attitudes towards fire in the wildland-urban interface

Understanding attitudes concerning wildfire management at the WUI has drawn
considerable research attention, because frequently public perception of the use
of wildfire management techniques prevents their use [52-54]. Some of the major
concerns are related to the cost of implementation of the management technique
and direct impacts during implementation, such as decreased air quality during
prescribed fire, and drawbacks of particular fire management techniques, including
costs [53, 54]. Public attitudes towards wildfire management at the WUI also depend
upon local factors, including previous wildfire management strategies employed,
trust in local agencies responsible for managing wildfire risk, and individual atti-
tudes towards the management techniques [53, 55, 56].

3.2 Public awareness of shifting climates at the wildland urban interface

As development has continued into the wildland-urban interface over the past
several centuries, wildfire severity has increased [40]. Recent research has indicated
that some populations are aware that future shifts in climate may lead to increased
risk of wildfire and related property damage [57]. However, public perceptions of
climate change have not significantly shifted in the past several decades, except
along some partisan divides [58]. Regardless of public awareness of shifting wildfire
risk into the future, areas of increased risk are facing increased insurance premiums
and rates, as they already have in California [59].

4. Management of wildfire in the wildland-urban interface
4.1 Current strategies for managing wildfire at the wildland-urban interface

The main historic and current strategy to reduce the risk of wildfire has been
fuel reduction [3, 54]. In wildlands, prescribed fire, allowing natural fires to burn
within designated boundaries, and mechanical treatments, such as thinning or
mastication, are the main strategies that have been successfully used to reduce
wildfire frequency and severity [60]. There is a need to develop or re-develop the
natural fire regime, or shift towards a more frequent, lower intensity fire regime,
particularly in the Western US [40].
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Land managers of ecosystems that are highly prone to wildfire at the WUI will
likely need to undertake a proactive management approach to protect human safety
and infrastructure in the WUI [40]. A commonly utilized strategy at the WUI is the
establishment of a “defensible space” around residences and other properties, which
reduces vegetation and other burn hazards adjacent and up to 30 m away from
buildings [61]. Buildings can also be constructed of combustion-resistant materials,
although this strategy is more effective when combined with defensible space [62].

4.2 Recommendations for strategies in consideration of future climate and fire
regimes

While many strategies have been identified to manage forests at the wildland-
urban interface, they have not been widely adopted due to a combination of fac-
tors, including lack of funding and political willpower [63]. Current research has
indicated the effectiveness of utilizing prescribed fire to reduce the frequency and
severity [45]. Expanded and more frequent use of prescribed fire and other fuel
reduction techniques in the WUI can serve to protect infrastructure from more
catastrophic wildfire and act to re-establish a historic wildfire regime.

One of the major barriers to increasing use of fuel reduction management strate-
gies is public perception of both the use of these techniques and the increased risk of
wildfire with ongoing climate change. Future management strategies should continue
to include strategies for managing public perception to increase acceptance and partic-
ipation in fuel management at the WUI and to increase understanding of the diverse
factors involved in managing forests for both prescribed fire and wildfire events [64].
Additionally, these strategies should continue to focus on informing the public about
the efficacy of defensible spaces and improve development planning to ensure greater
accessibility, improved use of defensible space, and better building design [61].

4.3 Future research and ongoing uncertainty

There is considerable current and ongoing research focused on enhancing fire
condition predictors and managing strategies related to reducing the severity and
frequency of wildfires [16, 17, 65, 66]. Ongoing research in refining future climate
predictions will generate considerably more certainty to predictions for future fire
regimes. However, work in the area should focus more on the dynamics of wildfire
at the WUI due to the critical resources that are at risk in those areas.

Many of the obstacles to implanting these management strategies are political
in nature, with responsibility falling to local governments operating under limited
funding and variable community support [63]. Some recent research has indicated
that local differences in legal liability for prescribed burning lead to significant dif-
ferences in the amount of land burned via prescribed fires [67]. While features of
landscapes that make them prone to wildfire have been reasonably well-described,
future research on mitigating the effects of wildfire in the WUI should consider the
human dimension to management decision making [46]. Historically, human man-
agement has driven much of the increase in wildfire severity, and into the future,
there will be a need for management strategies that reconcile natural fire regimes
with protection of human life and property at the WUI.

5. Conclusions

Modern fire regimes are largely driven by anthropogenic activities and widely
differ from pre-European and pre-Native American wildfire regimes. In the coming
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decades and century, projected climate shifts will drive corresponding shifts in
wildfire occurrence and severity, with differing projections for different regions

of the US. Development in the WUI needs to be informed for how to manage local
shifts in wildfire regimes to mitigate the impacts of severe wildfire, and some of the
ability of an area to respond is related to public perception of the risks of wildfire.
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