
UC Merced
UC Merced Previously Published Works

Title
The Science of Firescapes: Achieving Fire-Resilient Communities

Permalink
https://escholarship.org/uc/item/8rf7x9w1

Journal
BioScience, 66(2)

ISSN
0006-3568

Authors
Smith, Alistair MS
Kolden, Crystal A
Paveglio, Travis B
et al.

Publication Date
2016-02-01

DOI
10.1093/biosci/biv182
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8rf7x9w1
https://escholarship.org/uc/item/8rf7x9w1#author
https://escholarship.org
http://www.cdlib.org/


Overview Articles

130   BioScience • February 2016 / Vol. 66 No. 2	 http://bioscience.oxfordjournals.org

The Science of Firescapes: 
Achieving Fire-Resilient 
Communities

ALISTAIR M.S. SMITH, CRYSTAL A. KOLDEN, TRAVIS B. PAVEGLIO, MARK A. COCHRANE, DAVID MJS BOWMAN, 
MAX A. MORITZ, ANDREW D. KLISKEY, LILIAN ALESSA, ANDREW T. HUDAK, CHAD M. HOFFMAN, JAMES A. LUTZ, 
LLOYD P. QUEEN, SCOTT J. GOETZ, PHILIP E. HIGUERA, LUIGI BOSCHETTI, MIKE FLANNIGAN, KARA M. YEDINAK, 
ADAM C. WATTS, EVA K. STRAND, JAN W. VAN WAGTENDONK, JOHN W. ANDERSON, BRIAN J. STOCKS,  
AND JOHN T. ABATZOGLOU.

Wildland fire management has reached a crossroads. Current perspectives are not capable of answering interdisciplinary adaptation and 
mitigation challenges posed by increases in wildfire risk to human populations and the need to reintegrate fire as a vital landscape process. 
Fire science has been, and continues to be, performed in isolated “silos,” including institutions (e.g., agencies versus universities), organizational 
structures (e.g., federal agency mandates versus local and state procedures for responding to fire), and research foci (e.g., physical science, natural 
science, and social science). These silos tend to promote research, management, and policy that focus only on targeted aspects of the “wicked” 
wildfire problem. In this article, we provide guiding principles to bridge diverse fire science efforts to advance an integrated agenda of wildfire 
research that can help overcome disciplinary silos and provide insight on how to build fire-resilient communities.

Keywords: wildland, fire, adaptation, mitigation, resilience

Wildland fires are a societal and ecological issue    
of global concern (Bowman et  al. 2009). Within the 

United States, considerable resources are allocated annually 
to suppress wildfires and to protect people and property. 
However, the economic impact is staggering, with federal 
spending in the United States averaging $2.9 billion per 
year since 2000 to conduct fire suppression and limit direct 
fire impacts (Holmes et al. 2007); with countless billions of 
dollars spent globally to remediate the indirect, extended, 
and often unintended impacts on human health, property 
damage, loss of tourism, and the restoration of crucial 
ecosystem goods and services (Bowman et  al. 2009). The 
economic costs of wildfires are expected to rise given the 
projected increases in fire activity under climate change, the 
growth of communities into the wildland urban interface, 
and stress on water resources (Westerling et al. 2011, Moritz 
et  al. 2012, 2014, Barbero et  al. 2015). Arguably, wildland 
fire management in the United States and elsewhere is not 
sustainable in its current form (Pyne 1997). Underlying the 
economic challenges of wildfire is a complex and intercon-
nected web of social, physical, and political factors that are 
stymied by educational, organizational, and research “silos.” 

Attempts to improve wildland fire management that focus 
on only one, or a few, of the contributors and impacts of fire 
can lead to unintended consequences that cascade to affect 
other ecosystem goods and services (Abatzoglou et al. 2014). 
In short, wildland fire management is a “wicked problem” 
for which there is no all-encompassing solution (Carroll 
et al. 2007, Chapin et al. 2008).

It has long been recognized that human populations, 
having coevolved with fire (Pyne 1997), need to acknowl-
edge and respond to the role that wildfire plays in the 
landscapes they choose to be a part of (Bowman et al. 2009, 
Moritz et  al. 2014). However, the coevolution of human 
populations with wildfire can look dramatically different 
across cultures and landscapes. Perspectives surrounding 
the risks and benefits of wildfire are in a state of constant 
flux and influenced by a diverse set of drivers ranging from 
interpersonal relationships to views about the environ-
ment. Accordingly, the risk to human populations that helps 
drive what many call the “wicked problem” must be under-
stood as a complicated merger of two distinct components: 
(1) the shared human population values affected by wildfire 
(Champ et al. 2012, Breakwell 2014) and (2) the biophysical 
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risk that is often measured by the probabilities of occurrence 
and the severity of impacts (Calkin et al. 2014). Many seg-
ments of traditional wildfire science focus on only one of 
these distinctions; what are needed are better mechanisms 
for integrating them. Addressing these challenges requires 
the collective definition of and concrete strategies for achiev-
ing fire-management goals across diverse human communi-
ties and fire-affected landscapes.

In acknowledging these challenges, the US government 
has identified three key priorities for advancing wildland 
fire management that are translated globally: (1) restoring 
and maintaining fire-adapted landscapes; (2) facilitating fire-
adapted communities (FACs) that coexist with wildland fires; 
and (3) promoting collaborative, informed, safe, and effective 
wildland fire responses (WFEC 2014). The broad vision of the 
US strategy is summarized as, “To safely and effectively extin-
guish fire when needed; use fire where allowable; manage our 
natural resources; and as a nation, to live with wildland fire” 
(WFEC 2014). This mindset is reflected in fire-management 
and planning efforts globally (boxes 1–4). Governmental 
land-management agencies are not well positioned to coor-
dinate the integrated partnerships necessary to achieve these 
goals, because they are often restricted by jurisdictional 
boundaries and institutional mandates. Furthermore, creating 
fire-adapted communities requires making the general public 
partners in initiatives to manage wildfire risk and protected 
lands. It necessitates human communities who make deci-
sions that reduce professional firefighting burdens and allow 
wildfire to play a role in natural landscapes. This includes a 
need to better articulate what makes populations fire adapted 
and how we designate “community” as a unit of study (Flint 
and Luloff 2005). Although a few programs exist for commu-
nities to proactively prepare for wildfires, such as the Firewise 
USA Communities Program or the United Kingdom Forestry 
Commission planning program (box 2), the success of such 
initiatives is variable and fragmented across geographic space 
and over time. There is no established industry equipped to 
handle the issues of living with wildfires. There are limited 
standards for building in fire-prone areas, and disconnects are 
apparent between the results of wildfire science research and 
the specific adaptation strategies and mitigation actions that 
communities can readily adopt. This leads to an opportunity 
for the scientific community to engage communities and pro-
fessionals in the identification of research and best practices 
that can improve wildland fire management, education, and 
policies, leading to the design of resilient fire communities 
and landscapes (Enright et al. 2015). Key to those efforts will 
be the tailored design of wildfire research and mitigation 
programs that reflect the unique communities, countries, and 
cultures that are each negotiating what it means to “live with 
fire.” The outcomes of such efforts are likely to increase the 
chances that new knowledge is integrated into local action 
(Steelman and McCaffrey 2013).

In this article, we introduce a risk-to-resilience frame-
work that can help stimulate collective discussion about 
the wicked wildfire problem and define new relationships 

between people and wildfire. Central to that framework is an 
expansion of firescape concepts (Wood et al. 2011) to couple 
biophysical landscapes with cultural overlays of human sys-
tems. We use this framework to elucidate potential pathways 
and define strategies for communities and landscapes to 
coexist with prescribed and unplanned wildland fires across 
varied spatial and temporal scales. Advancing those path-
ways first requires a better understanding of human popula-
tions’ variable relationships to wildfire and the landscapes 
that sustain them, including perceptions of wildfire risk 
(Champ et al. 2013). Designing better relationships between 
people and wildfire will require participatory approaches 
and feedback mechanisms that allow citizens, land manag-
ers, and scientists to collectively define outcomes for wildfire 
management (Jakes and Sturtevant 2013, McCaffrey 2015).

Our framework addresses knowledge gaps influencing 
the future ability of communities to predict, adapt, and 
mitigate the immediate and cascading impacts of wildland 
fires on crucial ecosystem goods and services (Abatzoglou 
et  al. 2014, Smith et  al. 2014). It also recognizes that sci-
ence designed to address knowledge gaps must be iteratively 
developed in ways that consider, support, and help achieve 
human populations’ desired system states. We close by 
outlining grand challenges that are important for achieving 
resilient firescapes. Given the global nature of these chal-
lenges (Bowman et al. 2009a, 2009b, 2011), the framework 
outlined here has broad applicability.

Fire as a crucial Earth-system process
Fire is essential for human life and civilization and is a sig-
nificant component of the Earth system that regulates the 
provision of key ecosystem goods and services (figure  1; 
Bowman et al. 2009, 2011, 2013). It recycles and redistrib-
utes nutrients locally and globally, initiates the regeneration 
of vegetation, and is necessary to the life cycle of countless 
species (Goetz et al. 2005, Duguy et al. 2012). Fire also has 
historical and ongoing importance to human civilization, 
whether as a source of light, warmth, and energy or in the 
documented use of prescribed fire by many cultures for 
land-management purposes (Pyne 1997). More recently, 
wildfire has re-emerged as a significant risk to human prop-
erty, life, and other values. Addressing these risks is difficult 
from a policy perspective because fire exerts cascading and 
largely unacknowledged effects on key processes control-
ling food, water, and energy production (Abatzoglou et  al. 
2014). Cascading fire effects, such as accelerated sediment 
and water flows that predispose landscapes to secondary 
landslide and flood hazards (Abatzoglou et  al. 2014), can 
compound economic costs, leading to decreased human 
resources and increased ecosystem vulnerabilities (Duguy 
et al. 2012).

The temporal variability, geographic extent, and magni-
tude of fire must be fully considered to estimate the impacts 
on coupled human and natural systems (Van der Werf et al. 
2006); this is a challenge given that the occurrence, fre-
quency, and intensity of wildfires will rise across many parts 
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Box 1. Firescape risk-to-resilience case study.

Yosemite National Park (United States)

Risk. High fire frequency, the diverse mixture of fire regimes across steep elevational gradients, high public use and sense of owner-
ship, an extensive urban interface (including adjacent rural communities), and relatively proximal urban populations within affected 
water- and airsheds.

Adaptation. Science-driven, holistic fire-management strategies that embrace prescribed burning and multiple responses to wildfires, 
and intentionally integrated into broader park-management ethos.

Mitigation. Opportunistic fire re-introduction activities, extensive public education campaigns, applying principles of defensible space 
to both historic resources and natural treasures, and the re-allocation of human infrastructure to facilitate natural ecological processes.

Resilience. By promoting policies at the forefront of national policy but counter to public opinion, Yosemite National Park has, in the 
face of global change, shifted the social acceptance of fire leading to firescape resilience.

Top: Prescribed burn in Wawona to protect historic structures in an area where a lightning fire was being managed 
for resource benefit. Bottom: 2001 Hoover fire that burned over several previous burns in the Illilouette Creek basin. 
The front left burned in the 1991 Ill Fire, and the lower right is montane chaparral that burned in the 1974 Starr King 
Fire. Photographs: US National Park Service.

of the planet in response to anthropogenic climate change 
(Moritz et al. 2012, IPCC 2014). The impacts of increasing 
fire activity are heightened in the ever-expanding wildland–
urban interface, in which human settlement is embedded 

within flammable wildland vegetation (Moritz et  al. 2014, 
Paveglio et al. 2015a, 2015b). Further complicating the situ-
ation, considerable evidence has demonstrated that climate 
change has altered the mosaic of vegetative fuels (Chmura 
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Box 2. Firescape risk-to-resilience case study.

United Kingdom
Risk. The British Isles has a long history of human-set landscape fires to maintain open habitats such as “heathlands” and to remove 
crop residues. However, destructive wildfires are emerging as a threat because of changes in land-use patterns combined with more 
and severe droughts caused by climate change. Of particular importance are uncontrolled fires in forests, grasslands, arable crops, and 
upland peats. Wildfire can cause substantial socioeconomic disruptions, damage culturally significant landscape and structures, cause 
harm to biodiversity, and degrade ecosystem services. Severe wildfire hazard has also been defined in these systems (NRRCE 2015).
Adaptation. Evaluating the risk of forest fire formed part of the 2012 UK Climate Change Risk Assessment (DEFRA 2012). The 
increased recognition of the role of fire in the environment of the British Isles is stimulating regular meetings and conferences among 
scientists and practitioners.
Mitigation. New guidelines and tools are being developed to manage firescapes in the United Kingdom, including the UK Forestry 
Commission’s Building Wildfire Resilience into Forest Management Planning (UKFC 2014), designed to facilitate preparation for forest 
fires, and the UK Met Office fire weather danger tool, designed to identify areas where access to the countryside is closed because of 
immediate fire risk.
Resilience. To increase firescape resilience, attention is shifting to collaboratively produce geographically detailed contingency 
plans developed by landowners, NGOs, multiple government sectors (emergency, fire and rescue, forestry, countryside and cultural 
heritage). This includes risk assessment, the formulation of prevention measures, and incident0response preparation. Interventions 
include (a) landscape design principles and adaptive management changing the fuel continuity and vulnerability of economically, 
culturally, and biologically important assets using silvicultural management, planned burning, and grazing; (b) the reduction of 
accidental ignitions through the control of access and education programs; and (c) the establishment of firefighting infrastructure.

Top: Projected UK forest fire danger from 2070–2100 (UKMO, 2015). Values (risk: 1–100): 1 = no fires, 5–12 = ‘moderate’ 
50 = serious, 75 = extreme, and 100 = catastrophic. Middle: Principles followed by the UK Forestry Commission to promote 
wildfire resilience into forest design. Bottom: Broadleaved trees planted in the cleared fire break to improve wildfire 
resilience while creating aesthetics of a hedge. Images reproduced as part of the Open Government License (UKNA, 2015).
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Box 3. Firescape risk-to-resilience case study.

Southern Australia
Risk. Southern Australia is a high fire-prone environment because of extensive flammable eucalypt forests, the dominance of 
interannual droughts cycles due to the El Niño climate mode, and the disruption of an ancient tradition of Aboriginal fire management. 
Urban sprawl into flammable environments and climate change compound the situation.
Adaptation. Australia has a long history of applied fire research that has developed methods to evaluate bushfire risk and reduce fuel 
loads by planned burning. The nation also pioneered community-based and individual-based firefighting strategies. However, these 
approaches are increasingly being tested by the growing incidence of severe fire events on the outskirts of all major Australian cities. 
This has led to major inquiries into bushfire risk such as the Victoria Bushfire Royal Commission (VBRC 2010) and the Tasmanian 
Bushfire Fire Inquiry (TBIR 2013).
Mitigation. In response to recent unprecedented fire events, a new “catastrophic” fire danger classification has been implemented, and 
new approaches to individual and community risks are being developed. Particularly the shift from the “stay or go” policy to one of 
“watch, act, and survive” that recommends everyone leaves fire-prone areas under catastrophic fire conditions (VBRC 2010). A greater 
emphasis is placed on improved building codes to make structures more likely to survive fire and improving power-line infrastructure 
to reduce accidental ignitions. Planned burning to reduce fuel loads has increased through mandated targets in Victoria and Tasmania. 
Current policy is a risk-based approach that targets specific treatable areas on public and private land.
Resilience. These firescapes remain hazardous despite significant investment and planning. Achieving sustainable fire management is 
a thorny issue demanding trade-offs in relation to reduction in fire hazard versus degrading amenity values, increased smoke pollution, 
negative biodiversity impacts, and the cost of retrofitting older housing stock to reach current building codes. Shrinking safe burn-
ing windows for planned burning due to climate change, concern about the health impacts of smoke pollution, and recognition that 
planned burning has limited benefit to protect the urban interface have, in some settings, stimulated consideration of the mechanical 
treatments of fuels and thinning vegetation to increase defensible spaces around homes (Grindlay 2015).

Top left and top right: Wildland urban interface of Hobart, Australia. Photographs: David Bowman. Bottom: 
Strategic objectives and national goals from the National Bushfire Management Policy Statement for Forests  
and Rangelands (FFMG, 2014).

Strategic Objectives and National Goals
Effectively Managing the Land with Fire
  - Maintain Appropriate Fire Regimes in Australia’s Forests and Rangelands.
  - Balance the Environmental Impacts of Fire.
  - Promote Indigenous Australians’ Use of Fire.
Involved and Capable Communities
  - Community Engagement.
  - Public Awareness and Education.
Strong Land, Fire, and Emergency Partnerships and Capability
  - Integrated and Coordinated Decision Making and Management.
  - Employment, Workforce Education, and Training.
  - Bushfire Risk Mitigation.
  - Bushfire Response.
  - Safety in Fire Operations.
  - Bushfire Recovery.
  - International Responsibilities.
Actively and Adaptively Managing Risk
  - Risk Management.
  - Investing in and Managing Knowledge.
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Box 4. Firescape risk-to-resilience case study.

Canadian Boreal Forests
Risk. The boreal forests of northern Canada rely on frequent high-intensity, stand-replacing crown fires for ecosystem health and 
maintenance. Boreal fire occurrence and severity are increasing and are expected to continue increasing because of climate change–
induced extreme fire-weather and fire-danger conditions.
Adaptation. Modern but expensive fire-management programs have been effective to date, protecting much of the boreal zone 
for resource extraction and recreational use. A policy of aggressive fire suppression has been practiced for decades, most recently 
including resource sharing across Canada and with other countries. However, the recent Canadian Wildland Fire Strategy (CWFS) 
acknowledged that current fire-management practices have reached a point of diminishing returns, both economically and physically. 
Currently, 50% of the area burned in Canada occurs in remote northern boreal regions, where fires are monitored but not actively 
suppressed unless threatening property. An opportunity exists to adopt this policy more widely in heavily protected areas, assessing 
each fire in terms of potential values at risk, suppressing unwanted fires, and permitting more to burn naturally.
Mitigation. Canadian fire-management agencies are expanding public education and prevention programs and restricting public 
access to wildland areas during high-risk periods. This can reduce human-caused fire numbers, but lightning fires cannot be prevented 
and are forecast to increase under a changing climate as a result of greater atmospheric convective activity. The improved detection 
of lightning and fire occurrence prediction models may help. The further adoption of fuels and hazard mitigation practices to protect 
communities and high-value resources will be essential.
Resilience. Further public and political education and awareness around emerging fire-management issues and options are urgently 
required. Inhabitants of areas with forest ecosystems must recognize there will be more fire on the landscape in both the short and lon-
ger terms, with significant impacts including air quality, human health, and transportation. Evacuations of communities will increase, 
particularly in aboriginal communities.

Top: Crown fire in the Northwest Territories. Photograph: Dennis Quintilio. Middle: Smoke in Whati, Northwest 
Territories. Photograph: Dennis Quintilio. Bottom: Fire polygons 1980–2014.

Bottom line
Although natural fire has been deliberately promoted in more remote regions of the Canadian boreal zone, increasing fire activity will dictate a 
management strategy that monitors but allows more fire on the landscape, including increased fire in areas that were once under intensive protection.
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et  al. 2011, Laurance et  al. 2011). Many ecosystems have 
been pushed beyond their historic range of variability, lead-
ing to unfamiliar scenarios that will require new research 
to evaluate system vulnerabilities, as well as adaptation and 
mitigation options (Smith et al. 2014).

There is a historic tendency to focus on the biophysical 
drivers of wildfire while framing it as a hazard with unidi-
rectional impacts to human populations. Other segments of 
the wildfire literature have long argued that social dynamics, 
politics, and the historical legacy of human institutions are 
significant contributors to the wildfire problem (Flint and 
Luloff 2005, Paveglio et  al. 2015b). For instance, historic 
policies of wildfire suppression in the United States have 
had a significant influence on the buildup of fuels in many 
fire-prone regions (Carroll et al. 2007). Expanding residen-
tial development, changing perspectives toward wildland 
management, and the shift of human populations away 
from resource extraction industries can each alter the local 

human capacity to manage wildfire starts and further alter 
the feedbacks that moderate vegetative dynamics in a region 
(Abrams et al. 2015). Finally, public pressure or preferences 
can lead politicians to prioritize short-term goals of quick 
suppression rather than addressing other systemic influences 
on wildfire risk (e.g., land-use planning, climate change, 
and active resource management; Steelman and McCaffrey 
2011). Any pathways for addressing the wicked wildfire 
problem cannot exist in isolation of existing wildfire social 
science that explores these topics and addresses wildfire as a 
function of people interacting with the environment.

Additional barriers to addressing the impacts of fire on 
coupled human and natural systems include a limited under-
standing of the interrelationships among fuels, fire behav-
ior, and fire effects (Kremens et  al. 2010); uncertainty in 
identifying regime shift early warning signals (Scheffer and 
Carpenter 2003, Carpenter et  al. 2011); and the unknown 
social and economic consequences of these regime shifts 

Figure 1. Research focusing on the design of wildland fire adapted firescape components will have to consider the complex 
cascading consequences of fires within human–natural firescapes. (color online only)
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(Bowman et al. 2009, 2011, 2013). The degree to which these 
three barriers affect fire in coupled human and natural sys-
tems is poorly understood (Moritz et al. 2014, Paveglio et al. 
2015a, 2015b).

Urgently needed are early-warning indicators to develop 
quantitative predictions of community and landscape vul-
nerability to fire (Scheffer and Carpenter 2003, Carpenter 
et al. 2011). Although wildfire risk is a widely used concept 
(Calkin et  al. 2011, 2014), a typology of what fire vulner-
ability is and how to both quantify and describe differ-
ent degrees of vulnerability to immediate and cascading 
consequences of wildfires is crucially needed. Research is 
also needed to evaluate coupled human and natural system 
responses to fire variability and extremes—particularly 
through the evaluation and cross-comparison of adapta-
tion strategies and mitigation actions to lessen the loss of 
important ecosystem goods and services (figure  2; Jakes 
and Sturtevant 2013, Smith et  al. 2014). Achieving land-
scape-to-regional predictions of various land-use and land 
cover–change scenarios in response to future fire activity 
will require improved mechanistic modeling of fire-relevant 
ecosystem components (Kloster et  al. 2010) and enhanced 
scenario platforms that explore both the direct impacts and 
the cascading consequences of fire (Abatzoglou et al. 2014). 
Dynamically changing systems may lead to novel conditions 
across diverse regions, but those “new-to-them” conditions 

may be similar to existing or historic conditions from other 
regions (figure 3).

Firescapes: Fire integrated within human–natural 
systems
Human adaptation to wildfires is more than simply accept-
ing that fires will occur. Rather, it is a complex set of inter-
acting factors, including fire impacts on local values, local 
ability to organize in response to disturbance, personal 
experience with wildfire, perceptions of responsibility for 
fire management, and stakeholder understanding of the 
role of fire as a landscape process (Jakes et al. 2007, Fischer 
et  al. 2014, Paveglio et  al. 2015a, 2015b). Many of these 
lessons now need to be reintegrated into the scientific and 
public lexicon because of a historic focus on eliminating 
and suppressing wildfire. Since the early twentieth century, 
education and workforce development around wildland 
fire in the United States have focused on the control of 
fires through suppression strategies and tactics. The nega-
tive aspects of wildland fire were historically reinforced 
through media and film (e.g., Bambi or Smokey Bear). 
This culture has been driven by the need to protect human 
populations and resources from fire impacts, and it has 
created a professional culture focused on “fighting” fire as 
an adversary (Pyne 1997, Calkin et al. 2011, Moritz et al. 
2014).

Figure 2. A paradigm shift is needed from a system where communities are predominately passively affected by fires to one 
where they actively work hand in hand with land management planners, architects, and agencies to coexist with wildland 
fires. Enhancements in education can lead to improved planning and informed adaptation and mitigation scenarios, 
leading to reduced community vulnerability. A lack of education, resources, or data to make informed decisions can act to 
increase community vulnerability. (color)
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A significant body of social science has revolved around 
efforts to better understand public views about wildfire, 
associated wildland management, and the promotion of 
renewed ideas about its inevitability (McCaffrey 2015). 
Public acceptance of fire as a beneficial ecosystem process is 
increasing, but there remains a perception of fire as a largely 
preventable hazard that negatively affects property or other 
human values (Toman et al. 2013). For instance, the public 
is more accepting of wildland fire in backcountry settings 
and away from human settlements, which is not wholly con-
gruent with the goals of coexisting or “living with” wildfire 
(Moritz et al. 2014). Overcoming such paradoxes are signifi-
cant and variable challenges that may be unique to certain 
firescapes depending on historic and ongoing cultural and 
demographic changes in the region. In response, one focus 
of wildfire social science has concerned the development and 
variable adoption of mitigation activities that communities 
and individuals can perform to reduce wildfire risk to pri-
vate values (e.g., reducing fuels around homes, building with 
fire-resistant materials, and evacuation planning; McFarlane 
et al. 2011, Champ et al. 2013). Although efforts have been 
made to identify the factors that influence the adoption 
and perpetuation of these strategies, researchers have yet 

to identify one consistent strategy for promoting wildfire 
adaptation. This is not surprising given the acknowledgment 
that risk is variable among populations and dependent on 
local dynamics. We also lack comprehensive mechanisms or 
methodologies for documenting adaptation across locations.

Framing the complex problems facing fire science and 
management requires us to characterize fire as an integrated, 
cascading, and cumulative phenomenon within coupled 
human and natural systems. Only by considering the ongo-
ing and holistic processes of how fires interact within past, 
current, and future human–natural systems will communi-
ties be able to achieve the resilience sufficient to coexist with 
fire. Prior attempts to address parts of this typology challenge 
include the concepts of firescape ecology (Wood et al. 2011), 
which couples landscape topographic features and vegeta-
tion with landscape-scale imagery of fire-affected areas, and 
firesheds (Ager et  al. 2006), which are large, homogenous 
fire-management landscapes delineated by areas that are 
likely to exhibit similar fire-behavior properties and similar 
fire-management response strategies, where the boundar-
ies dynamically shift depending on management changes 
within the human–natural system. However, these concepts 
do not integrate social vulnerability, instead focusing on 

Figure 3. Dynamically changing systems may shift outside their historical range of variability, leading to novel conditions 
across diverse regions, but those “new-to-them” conditions may be analogous to contemporary or historic conditions 
elsewhere, where existing data are already available. Such data could include local place-based and traditional knowledge, 
paleoecology cores, distributed sensor networks (such as long-term ecological research sites), etc.
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exposure analysis within a geospatial framework. Studies 
have also sought to incorporate various degrees of societal 
context, such as the concept of anthropogenic fire regimes 
(Bowman et al. 2011), which focus on how the human use 
of fire throughout the Holocene in North America and the 
Quaternary in Australia and Africa have modified land-
scapes. However, achieving resilience to wildfires at the spa-
tial and temporal scales that communities operate over (i.e., 
individual homesteads to water catchments and airsheds of 
large metropolitan areas, over days to decades) requires inte-
grating human-use data not only at Quaternary scales but 
also over the Anthropocene. Projected future trends in com-
munities, population demographics, as well as adaptation 
and mitigation resources or limitations associated with local, 
regional, and national geopolitical realities are all needed to 
sustain resilience to fire into the future.

Our concept of firescapes applies the idea of anthropo-
genic fire regimes to the existing canvas of firescape ecol-
ogy (including the Anthropocene), considers the diverse 
social context that can influence wildfire management, and 
includes projected future dynamics (figure 1). We argue that 
firescapes provide a more holistic view of human–natural 
systems and their influence on wildfire processes. Firescapes 
couple physical properties and dynamics with the cultural 
overlay of human values, perceptions, and processes. They 
are a product of both natural (e.g., lightning) and anthro-
pogenic sources of fire. Firescapes implicitly acknowledge 
that fire interacts with a wide variety of both ecosystem and 
community processes; these processes will exhibit coupled 
feedbacks resulting in both immediate and cascading con-
sequences. Firescapes include past, present, and projected 
future human–fire interactions.

The discipline of pyrogeography operates squarely within 
this context; pyrogeography seeks to develop holistic under-
standings of landscape-scale fire activity in time and space 
(Bowman et al. 2015). Pyrogeography is to firescapes as the 
discipline of geography is to landscapes. Firescapes are there-
fore elemental components that form the pyrogeography of 
a region. Applying pyrogeography to understand firescapes 
could allow fire science to explore fundamental multiscale 
and multidisciplinary challenges that span a diversity of 
spatial and temporal scales. Management approaches can 
be applied and leveraged across the firescape—residents 
can reduce ignition risks around their homes, agencies can 
sustain ecosystem goods and services through controlled 
fire application, and governments can implement policies to 
incentivize wildfire preparedness and responses.

The holistic development, testing, and validation of wild-
fire adaptation strategies and mitigation actions in response 
to changing firescape and large-scale processes such as 
urbanization, deforestation, or climate change will not be 
trivial. Furthermore, new public–private partnerships will 
also be needed to focus on (a) characterizing the historic 
and future dynamics of unique firescapes, (b) identifying 
and overcoming barriers that diverse communities face in 
becoming fire adapted, (c) collaboratively developing and 

initiating a cultural paradigm shift in wildland fire educa-
tion and in the resultant workforce, and (d) promoting 
integration with emerging and innovative industry sectors 
to restore and maintain resilient firescapes. Finally, there is 
a crucial need for social-science research that can identify 
the scientific outputs most likely to promote policy develop-
ment and individual action that address wildfire manage-
ment among a diverse set of stakeholders (e.g., politicians, 
land-management professionals, and private citizens). 
This includes testing stakeholder trust in the outputs and 
assumptions that underlie wildfire science or simulation, 
the funding mechanisms most likely to support adoption 
of planning recommendations, and the messages that carry 
collaboratively designed initiatives.

The barriers to understanding firescapes and reducing 
community vulnerability to wildfires include insufficient 
knowledge of how best to tailor programs to local people 
or respond to specific scenarios, limited fiscal resources 
for trained responders or equipment, lack of models or 
projection of the cascading consequences of decisions, and 
limited community resources to deal with increasing fire 
occurrence (figure 2). Confounding this complex system are 
dynamic changes in land use and public planning (e.g., zon-
ing and development codes), climate variability, and shifts 
in the availability and education of the workforce that would 
manage and apply the adaptation strategies and mitigation 
tactics. Overall, fire is inevitable, not only in “wildlands” but 
also in many populated regions.

Risk-to-resilience continuum
We contend that addressing these diverse needs would 
be best served by focusing on four points of a risk-to-
resilience continuum for reducing community vulner-
ability and improving the resilience of firescapes: (1) risk, 
(2) adaptation, (3) mitigation, and (4) resilience (table 1). 
Central to achieving and maintaining resilient firescapes 
is the recognition that research, education, and workforce 
development are tightly connected. For example, the two 
dominant and often divergent fire-education belief sys-
tems that coexist in the United States are focused either 
on fire suppression or natural-resource sciences. The fire 
suppression system is characterized by vocational train-
ing, on-the-job experience, and land-management agency 
certification. The historical development of that system is 
intertwined with a paradigm that wildfires are a detrimen-
tal force that need to be fought in order to facilitate human 
use of firescapes. In contrast, the natural-resource science 
system is characterized by academic degrees in ecology, 
natural-resource stewardship, restoration, and natural-
resource management that may include indigenous ecolog-
ical knowledge (Worrell and Appleby 2000). This system 
recognizes that allowing fires to burn (when they don’t risk 
human property, lives, or other values) and incorporating 
prescribed fires can help promote ecological resilience, 
because fires are a naturally occurring phenomenon with a 
long history of human engagement. This system struggles 
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to integrate the best available fire science within land-
management practices.

We posit a series of guiding principles and goals to begin 
overcoming these divides. Central to this is the collaborative 
development of what firescapes are, how we monitor fir-
escape vulnerability, and how we assess future firescape 
dynamics (figure 2). In the following sections, we organize 
these guiding principles along the four points of the risk-to-
resilience continuum. Each of these components is addition-
ally highlighted through a series of firescape case studies 
(boxes 1–4), including Yosemite National Park in the United 
States (box 1), the United Kingdom (box 2), Southern 
Australia (box 3), and the Canadian Boreal region (box 4).

Risk
Risk most commonly includes the potential negative impact 
to property, persons, or ecosystem goods and services 
(Calkin et  al. 2011, 2014). Although definitions vary, we 
here define risk through the terms exposure, susceptibility, 
and vulnerability (figure 2; Hinkel et al. 2011, Calkin et al. 
2014, Smith et  al. 2014). However, risks can span a broad 
array of characteristics and must reflect the collective agree-
ment of firescape inhabitants about the values that might 
be affected by wildfire (Breakwell 2014). Potential impacts 
can be monetary, perceived disruptions to well-being, the 
loss of infrastructure supporting community function, or 
the breakdown of collaborative relationships (Paveglio et al. 
2015a, 2015b).

The risk of exposure to wildfire is determined by a com-
plex array of environmental and human factors, with climate 
as a dominant driver. Climate shapes the biogeographic 
distribution of vegetation that becomes fuel for wildfire: 
More mesic biomes provide abundant fuel but are flam-
mability limited, whereas more semiarid biomes are highly 

flammable but fuel limited (Littell et al. 2009). Interannual 
climate variability and fine-resolution weather ultimately 
determine ignition probability and fire behavior at a given 
moment. Anthropogenic climate change is projected to alter 
the frequency and extent of wildfire primarily through fire 
potential, such as in temperate and boreal regions as a result 
of increased flammability during the dry season (Flannigan 
et al. 2009). The projected magnitude of change in wildfire 
activity varies substantially across the globe and across mod-
eling efforts, making it difficult to accurately project future 
exposure risk. Furthermore, a changing climate will also 
fundamentally alter the underlying energy and moisture that 
facilitate vegetation assemblages that may lead to increased 
ecosystem vulnerability (Smith et  al. 2014), altering con-
temporary climate–fire relationships (Flannigan et al. 2009, 
Littell et al. 2009).

The scope of cascading wildland fire impacts on natural, 
physical, and social systems is recognized but poorly under-
stood (Abatzoglou et al. 2014). Identifying and quantifying 
interconnections and feedbacks across these systems require 
detailed environmental and social monitoring across a 
range of scales. The advancement of distributed sensor and 
imagery data, social–ecological data, and large-scale field 
and manipulation experiments will improve the quantifica-
tion of interconnected systems. A crucial data need vital to 
understanding historical and Anthropocene fire use can be 
achieved through interacting with local place-based and 
traditional knowledge, such as tribes (or Aboriginal peoples) 
and multigeneration post–European settlement families. It is 
essential that researchers both openly share data and develop 
consistent standards, methods, and terminologies to make 
fire science truly global (figure 3).

Early-warning signals (see Carpenter et  al. 2011 and 
Smith et  al. 2014 for descriptions) are needed to identify 

Table 1. The risk to resilience spectrum.
Risk Adaptation Mitigation Resilience 

Guiding principles Incorporate immediate local 
impacts and longer-term 
cascading consequences to 
improve quantification and 
characterization of firescape 
vulnerability.

Improve classification 
typologies developed from 
collaborative in-depth 
community-level data to 
more effectively predict 
commonalities in firescape 
adaptation pathways.

Increase adoption of the 
tailored actions most 
likely to achieve fire 
adapted communities 
and landscapes through 
integrative and cooperative 
partnerships. 

Co-develop adaptable 
decision support tools 
to increase resiliency 
and reduce community 
vulnerability through 
simulation of end-to-end 
data-enabled scenarios.

Priorities to advance 
guiding principles

(1) Characterize firescape 
vulnerability in the context 
of global change; (2) 
Identify and evaluate 
cascading consequences 
of wildfires across broad 
spatiotemporal scales 
using natural, physical, and 
social sciences; and (3) 
Evaluate bottom-up and 
top-down approaches to 
predict firescape trajectories 
and potential impacts on 
ecosystem goods and 
services. 

(1) Synthesize factors and 
drivers that perpetuate the 
fire suppression paradigm; 
(2) Identify the common 
factors most likely to 
facilitate human adaptation 
to wildfire. (3) Codevelop 
alternative adaptation 
strategies to reduce 
community vulnerability 
given place-based 
knowledge, experience,  
and local culture.

(1) Coproduce “blueprints” 
for community and 
landscape mitigative 
activities that reduce wildfire 
vulnerability. (2) Codevelop 
fire-resilient materials 
through collaborative 
partnerships with 
production, application, and 
risk assessment industries. 
(3) Co-apply science-based 
knowledge in partnership 
with wildland fire mitigation 
organizations.

(1) Codevelop fire-related 
modules for ecosystem 
models that predict crucial 
thresholds and tipping 
points for important 
ecosystem goods and 
services. (2) Coproduce 
transparent, spatially explicit 
and accessible platforms 
that couple natural, physical, 
and social systems models. 
(3) Co-apply firescape 
adaptation scenarios to 
fire planning, adoption 
of mitigation actions, 
and collaboration across 
jurisdictions.
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tipping points for crucial ecosystem goods and services, 
perceptions of wildfire risk, and optimal planning actions 
for populations at risk from wildfire. Example early-warning 
signals are arguably already in use when considering public-
health advisories associated with unhealthy and hazardous 
particular matter concentrations from wildfire smoke (Yao 
et al. 2013). New potential metrics should pay special atten-
tion to alternate stable states that may arise from ecosystem 
regime changes and diverse social and political climates that 
differentiate firescapes, such as the different ways communi-
ties may conceive of wildfire in their locality. Likewise, the 
dynamism inherent in firescapes can be integrated by build-
ing on existing typologies of communities within the wild-
land urban interface and by identifying consistent, empirical 
metrics to build a firescape typology (Paveglio et al. 2015a).

Adaptation
Adaptation research in firescapes requires a scalable meth-
odology to better characterize the spatiotemporal dynamics 
of sensitivity, exposure, and adaptation to fire across the 
continuum of firescapes. Such characterization must draw 
from and synthesize the extensive literature that documents 
how local and regional social dynamics influence strategies 
developed to live with wildfire risk (Paveglio et  al. 2015a). 
Existing adaptations to living with wildfire include com-
munity wildfire protection plans, the relationships people 
may have evolved in reacting to fire risk in their locality, and 
governmental strategies and policies supporting local ability 
to adapt to changing firescapes (Brenkert-Smith et al. 2012, 
Williams et al. 2012, Abrams et al. 2015).

A need exists to better assess the direct and indirect 
impacts (negative and positive) of wildfires on social sys-
tems and ecosystem goods and services (Stephenson et  al. 
2013). Adaptation scenarios should differ across firescapes 
and be designed to build on social system strengths (e.g., 
local wood-products market for fuels reduction and local 
collaborative groups) and overcome existing policy or social 
barriers specific to the firescape or its subelements (e.g., 
the lack of acceptance for prescribed fire or deficiency of 
resources). This means developing better tools for quickly 
assessing social context that influences wildfire adaptation, 
documenting and fostering organic efforts designed in 
response to site-specific wildfire risk in a given system, and 
engaging diverse human populations about the programs, 
incentives, and strategies that will enable them to maintain 
or change their local relationships with wildfire risk (Jakes 
et al. 2007, Jakes and Sturtevant 2013, Paveglio et al. 2015a). 
This includes the feasibility and flexible adoption of mitiga-
tions such as those described in the next section.

Future studies should incorporate indigenous or local, 
place-based, and traditional knowledge to develop transfer-
rable toolkits to foster adaptation. There also is a need to test 
new approaches for coupling socioeconomic and biophysical 
responses to fire in order to parameterize ecosystem models 
and inform future decisionmaking processes (Spies et  al. 
2014). This includes the development and evaluation of 

outreach and workforce development solutions to increase 
active participation of vulnerable communities.

Mitigation
Mitigation is a multifaceted challenge that bridges basic and 
applied sciences, technologies, and workforce development. 
Meeting this challenge requires innovative codevelopment of 
resilient firescape components that are economically viable, 
socially acceptable, and congruent with other hazard miti-
gation standards (e.g., earthquake building codes) and that 
can enable the retrofitting of existing vulnerable firescapes. 
Some components of resilient firescapes have been proposed 
in the fire-science and -management literature at localized 
scales focusing on individual structures or forested stands. 
However, to effectively mitigate the full spectrum of wildfire 
risk, these components must be integrated and scaled to rec-
ognize that structural and wildland fire elements interact as 
dynamic components within a coupled human and natural 
system in which risk reduction, adaptation strategies, and 
mitigation actions are tightly coupled.

Two common strategies to reduce wildfire risk are land-
scape vegetation treatments and home ignition resistance 
(Mell et al. 2011), in which the focus is on limiting spread 
and reducing ignitions respectively. Specific tactics to reduce 
landscape fire spread through the alteration of fire behavior 
includes the mastication of tree limbs and small-diameter 
trees to lower the occurrence of crown-fire hazard (Kreye 
et al. 2014); promoting discontinuous fuels (firebreaks, non-
flammable surfaces, etc.); different patterns of fuelbreaks 
(Finney 2001); and the placement of fuel breaks adjacent to 
structures (Massada et  al. 2011). Specific tactics to reduce 
structural ignitions include using fire-resistant materials 
(e.g., metal roofs, fire-resistant windows and sidings, and 
homeowner-based retardant sprays) and removing fuels 
around structures to decrease ignitions from embers or sur-
face fires, respectively (Massada et al. 2011, Mell et al. 2011, 
Gill et al. 2013).

Mitigations are only useful in achieving firescape resil-
ience if they are enacted or enforced by residents at risk 
from wildfire. Likewise, mitigations need to be maintained 
and perpetuated across time and changes in property own-
ership. For that reason, there is a need to codify and draw 
crosscutting lessons from the body of wildfire social science 
identifying the variable incentives, codes, or regulations that 
promote wildfire mitigation actions (Brenkert-Smith et  al. 
2012, Fischer et al. 2014). It is also necessary to explore how 
new mitigation ideas overlap in response to two important 
components: (1) variable resident values for what is at risk 
(e.g., forested setting, timber stand, home) and most likely 
to increase adoption and (2) optimal reductions in the need 
for professional wildfire response, including the associ-
ated danger to firefighter safety and wildfire-suppression 
expenditures.

Advancing mitigation options also will require inno-
vative combinations of wildland and structural fire sci-
ence. For example, although flammability testing is a 
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well-documented practice in structural fires and methods 
have been developed for Wildland Urban Interface struc-
tures, these methods are not standardized across wildland 
fire science (Mell et al. 2011). Further research is needed to 
explore the spatial arrangement and interactions of water 
features, vegetation assemblages, nonflammable surfaces, 
and proximity to households or community neighborhoods 
that are not similarly adapted. Examples of resilient firescape 
components in populated areas could include the selection 
of yard landscape components (e.g., concrete, pavers, gravel, 
and water features) and yard plants that inhibit fire spread. 
The latter would require additional flammability research, a 
task that would vary by locality and depend on individuals’ 
aesthetic preferences for potential plants. Other examples 
could include the development of building components 
such as drip-line systems in roofs or homeowner-based fire 
retardant systems.

To overcome these challenges, interdisciplinary teams 
focused on mitigation-related research would be needed. For 
example, collaborations between architects, material scien-
tists, and community planners could investigate the ignition 
and combustion characteristics of architectural elements 
and yard components across scales (individual structures, 
the Wildland Urban Interface, and rural landscapes). Such 
research also could use biomimicry to develop fire-resilient 
materials and designs while testing and validating wildfire-
related mitigation recommendations. These mitigation tac-
tics would be discrete actions that feed into and interact with 
larger adaptation strategies. Characterization of the ignition 
and combustion properties of firescape flora and features 
could provide essential knowledge to existing efforts that 
seek to promote fire adapted communities.

Investment in mitigating the cascading consequences 
of wildfires (e.g., via prescribed fires, fuel treatments, and 
material design) could result in long-term benefits, such as 
reducing the annual costs of wildland fire suppression and 
rehabilitation.

Resilience
Identifying wildfire risks and development of adaptation 
and mitigation frameworks can facilitate resilient fires-
capes. However, maintaining resilience requires adaptive 
management through the use of and testing surrounding 
user-accessible decision-support platforms. Many changing 
ecosystems will require the continual evaluation of system 
vulnerabilities and the iterative development of adapta-
tion and mitigation options (figure  3). Equally, ecosystem 
regime shifts may result in states that are new or have not 
been observed for millennia in a given region but resemble 
contemporary or past states from other locations where 
data have been collected. International sharing networks 
including biophysical, paleo, and traditional knowledge data 
could help facilitate identification of those analog scenarios 
(figure 3).

Resilience will also be aided by firescape early-warning 
and information systems, which provide crucial data prior 

to a potential hazard. These early-warning and information 
systems will allow decisionmakers to make informed actions 
to avoid, pre-emptively mitigate, or prepare for effective and 
timely responses to any undesirable impacts (Yao et al. 2013, 
Smith et al. 2014). Firescape early-warning systems should 
include an integrated set of “early-warning signals” that 
are each focused on a defined ecosystem good or service 
potentially affected by fires. For instance, such decision-
support systems for wildfire could predict coupled human 
and natural systems tipping points through the integration 
of early-warning signals (Scheffer and Carpenter 2003) 

related to a variety of human values (e.g., home loss, infra-
structure damage, and loss of access), ecosystem goods and 
services (e.g., air quality, watershed health, food, and fiber), 
or underlying social conditions (e.g., land-use development 
and alternative incentive policies). In addition, the further 
development of these early warning signals could improve 
parameterization of ecosystem models. For natural resource 
management, knowledge of ecosystem transitions decades in 
advance may be sufficiently “early” for decisionmakers to act 
proactively (Smith et al. 2014), whereas evacuation warnings 
would be optimal at a timescale of days to hours (Paveglio 
et al. 2015b).

An important end product of firescape early-warning and 
information systems are visualizations (ideally science-based 
and visually realistic) that could aid the real-time assessment 
of how management, community, or individual decisions 
may affect the immediate or cascading consequences of 
fires (figure 4). Such virtual worlds and science-based visu-
alization tools have been widely used to aid landscape and 
urban planning (Bishop et al. 2008) and could help facilitate 
resilient firescapes by providing centrally based platforms 
for fire science researchers to share model results and data, 
for land management personnel to evaluate different strate-
gies, and for communities and land planners to view what 
such projections may mean for their locality. Social-science 
methods can be used to assess the utility of such visualiza-
tions and can help further refine and test their usefulness as 
a decision tool.

Conclusions
In the following sections, we highlight key challenges and 
barriers to achieving fire-resilient communities.

Characterizing firescape vulnerability.  An urgent need exists to 
identify firescapes most vulnerable to ecosystem shifts (veg-
etation, human population, habitats, etc.) and reductions or 
losses of significant ecosystem goods and services (e.g., food, 
fiber, water, and energy) in response to future projected fire 
activity. Equally, interactions of climate, droughts, insects, 
water availability, and urbanization also need to be consid-
ered in projected firescape vulnerability. Such assessments 
could follow the methodology outlined in Laurance and 
colleagues (2011) but expand the focus to include commu-
nities and the complex interactions that influence cascading 
consequences associated with fires. The identification of 
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ecosystems vulnerable to state shifts due to climate change 
is a vital initial step, but also understanding which systems 
require fire-related trigger events or which systems will shift 
because of interactions across multiple stressors and distur-
bances is also important. Integrating with private citizens 
and land managers to proactively identify what initial eco-
system conditions exist, what current and future ecosystem 
goods and services are desirable, and what adaptation and 
mitigation actions are feasible will enable science-based 
models to be grounded in reality. These data are needed 
across firescapes globally to identify potential pyrogeo-
graphic patterns, trends, and hot spots. This data then could 
be used to improve Earth-system models to provide early-
warning indicators of where and when to apply targeted 
(and likely limited) adaptation and mitigation resources to 
promote resilient communities and landscapes in the face of 
future wildfires.

Diverse firescapes are defined by a variety of social and 
ecological characteristics that produce dynamic vulner-
abilities across a spectrum of spatial, temporal, and politi-
cal scales. There is a need to integrate and further develop 
firescapes typologies that specify the relationships between 
the evolving natural, physical, and social conditions that lead 
to firescape vulnerability. For example, the US typologies of 

fire regime and fuel classifications (e.g., LANDFIRE) could 
be coupled with social-science typologies of at-risk human 
populations to better quantify the characteristics that drive 
community vulnerability and facilitate optimal adaptation 
and mitigation approaches. Firescape characterizations will 
provide baseline metrics that can be used to assess progress 
toward fire resilience.

Identifying cascading fire consequences.  The majority of fire 
research narrowly focuses on first-order direct fire impacts 
on discrete areas, human communities, or institutions. It 
therefore fails to recognize second-order, indirect impacts 
and the cascading consequences of fire on human–natural 
systems. There is recognition that erosion is a related hazard 
following wildfire events, and there are considerable efforts 
to both mitigate erosion and promote watershed health by 
Burned Area Emergency Response teams on public lands. 
Equally, smoke from wildfires can significantly affect com-
munities that are hundreds to thousands of kilometers from 
the fires, and the impacts can persist for days to weeks. We 
need to better understand the extent to which human com-
munities plan for such cascading consequences and how 
to adapt policies or management that incorporates these 
larger dynamics. These processes and potential impacts on 

Figure 4. A scientific visualization of a virtual house and yard components that is navigable in 3D and interactive. Prior 
to the introduction of fire, the users can swap out yard and house features that all exhibit different ignition probabilities. 
Users could then directly view in real time modeled fire spread through this virtual world and see how their choices affect 
fire spread and the ignition of their property. (color)
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ecosystem services are not fully integrated into pre-fire vul-
nerability assessments.

Identifying early warning signals of firescape vulnerability.   Firescape 
typologies must identify multiple early-warning signals and 
predict when human values, including crucial ecosystem 
goods and services, become vulnerable, require mitigative 
interventions to recover function, and no longer contrib-
ute positively to a given human–natural system. However, 
these signals and associated thresholds must be relevant 
and appropriate for the human–natural system containing 
the unique firescape in question. Coupling these signals 
and thresholds will provide the basis for integrated early-
warning systems for firescape resilience assessments.

Promoting standards and preparing for shifted ecosystem states.  
Consistent data standards are essential to quantify and com-
pare firescapes globally. This could be facilitated through 
repositories of fire-relevant data as future ecosystem states 
may resemble other sites where data are archived, enabling 
the development of mitigation and adaptation plans with 
less new data. Likewise, fire scientists need to better engage 
professionals and private citizens to determine the research 
and data outputs that will be most effective in facilitat-
ing adaptation planning. Studies have also highlighted the 
crucial need to standardized fire science terminology and 
units of measurements to facilitate collaboration and global 
intercomparisons (Keeley 2009).

Addressing barriers and achieving firescape resilience.  There is a 
need to more fully understand and potentially reframe the 
legacies that surround fire, including recognition that achiev-
ing resilience is a shared responsibility among all individuals 
and stakeholders within a firescape. Embedded challenges 
include the educational legacies surrounding wildfire and the 
need to couple divergent perspectives, especially gender and 
culture (Eriksen 2013). We need to better understand why 
and how these legacies impede the development of resilient 
firescapes, even when actors accept that fire is a necessary 
ecosystem function. Perhaps more importantly, we need 
to understand how the existing perceptions, abilities, and 
capacities of local people can be leveraged to design unique 
strategies for living with wildfire. This includes testing the 
circumstances, messages, and incentives that will facilitate 
or inhibit mitigation to achieve resilient firescapes. Not all 
firescapes will develop the same strategies to live with fire. 
For example, a firescape may focus primarily on developing 
materials and infrastructure, analogous to how the Dutch 
live with water, by potentially allowing low-intensity fires to 
pass through the Wildland Urban Interface. Alternatively, a 
firescape that includes important cultural sites that could be 
damaged by fires may opt for more aggressive fire suppression 
in those crucial areas.

The risk-to-resilience framework presented here provides 
a set of priorities and guidelines for achieving resilient fir-
escapes that can be adapted globally. The firescape concept 

allows for flexibility in characterizing the diversity of social 
and biophysical systems, and the risk-to-resilience frame-
work provides concepts and initial steps for achieving resil-
ience in those firescapes.

Wildland fire management has reached a crossroads. Fire 
is projected to increase in frequency and extent in many 
regions under anthropogenic climate change. Unsustainable 
wildfire suppression efforts will continue to spiral out of 
control unless fire management considers options such as 
the risk-to-resilience framework. The framework and priori-
ties outlined in this article provide a means for focusing the 
diverse threads of wildland fire science. Failing to choose an 
alternative pathway such as the one we have provided will 
perpetuate the wicked problem of wildfire.
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