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A B S T R A C T   

Fire risk management is at a crossroads. The last three fire seasons worldwide, dotted by extreme fire behavior 
and “megafire” events, highlighted the need for a shifting mentality towards a novel and integrated fire man-
agement framework, flexible, adaptive, and responsive to the changing environmental and societal conditions. In 
this context, the pandemic outbreak added other elements of concern due to its impacts on fire management. The 
health crisis shined also a spotlight on the government’s capacity to manage interconnected risks and antici-
patory risk management and the urgent need to change the dominating paradigm in fire policy and management. 
Based on the review of several proposed approaches framing the impelling fire management perspectives, from 
the socio-ecological systems to the fire resilience concepts, here we provide a new “systemic fire management 
framework”. The approach integrates the multiple perspectives in fire management (multi-level, multi-actor, 
cross-sectoral and multi-purpose) in four pillars: (i) disaster risk reduction and climate change adaptation 
connection; (ii) community engagement support; (iii) adaptive management towards system resilience; (iv) and 
adaptive governance. The approach aims to contribute to go beyond the short term and sectoral governance 
toward a more sustainable long term perspective, promoting a multifunctional, fire-resistant, and resilient mosaic 
landscape based on sustainable development processes.   

1. The need for a systemic fire management framework 

Fire is a structural and systemic risk in fire-prone ecosystems shaping 
vegetation traits and landscape dynamics since its occurrence (He et al., 
2016; Scott et al., 2014), contributing to the evolution of human soci-
eties (Keeley et al., 2012), and providing several types of ecosystem 
services (Pausas and Keeley, 2009; Driscoll et al., 2010; Moritz et al., 
2014a). Simultaneously, wildfires have severe impacts on ecosystem 
services and trigger significant impacts on human capital, often difficult 
to quantify or account for (Venn and Calkin, 2011), including air qual-
ity, human health (Analitis et al., 2012; Dorman and Ritz, 2014), 
operational safety (Miranda et al., 2010), global carbon budget, and 
climate change (Miranda et al., 2014; Randerson et al., 2006; Urbanski 
et al., 2011). Recent changes recorded in fire regimes at the global level, 
and the occurrence of some of the most catastrophic fire seasons in terms 
of impacts on society (e.g., Boer et al., 2020; CalFire, 2020; Couto et al., 
2020; Turco et al., 2019), were related to multiple interacting drivers 
that have undergone significant changes: land use, socio-economic 
processes, fire and forest management (Chergui et al., 2018; 

Gómez-González et al., 2019; Moreira et al., 2011; Spies et al., 2018; 
Syphard et al., 2017). Decades of fire policies excluding fire in 
fire-frequent forests and rangelands have often contributed to an in-
crease in fuel loading and, consequently, in fire size and severity (Par-
isien et al., 2020; Spies et al., 2018). The “fire exclusion” strategy 
required high investments1 to sustain a very efficient fire-fighting 
structure, promptly intervening with terrestrial and aerial means on a 
vast territory (Bovio et al., 2017). Although the high success rate in 
extinguishing low and medium intensity fires, this approach seems not 
to be enough when extreme fire weather conditions occur (e.g., Bovio 
et al., 2017; Rego et al., 2018; Moreira et al., 2020). 

Furthermore, future climate, promoting hot and dry conditions (Jia 
et al., 2019), is expected to play an increasing role in fire regimes, 
enhancing wildfire risk and severity also in those biomes not naturally 
prone to burn. According to Jolly et al. (2015), fire weather seasons have 
already globally lengthened by about 20% between 1979 and 2013, and 
other regional studies investigated the impact of anthropogenic climate 
change on fire weather and fire season length (Abatzoglou et al., 2019; 
Barbero et al., 2020; Krikken et al., 2019; van Oldenborgh et al., 2021; 
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1 Balch et al. (2018) estimated US federal fire-fighting expenditure exceeding in 2017 US$ 2.9 billion. 
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Williams et al., 2019). However, as also expressed above, climate is one 
of the drivers of the complex interactions and feedbacks among envi-
ronmental, ecological, and human factors influencing fire regime and 
fire impacts (Aldersley et al., 2011). Thus, global change-driven fire 
regimes risk level also depends on societies’ increased vulnerability to 
fire disturbance and on “how population, technological development, 
and land management patterns will evolve” (IPCC, 2019). 

In this context, the outbreak of the COVID-19 pandemic triggered 
short and long-lasting impacts and cascading effects on wildfire man-
agement (Field and Appel, 2020; Riley, 2020; Rodrigues et al., 2021). In 
fact, synergistic factors (e.g. high-stress degree, smoke and dust inha-
lation) can favor the infection during a fire event (e.g., Montrose, 2020; 
Navarro et al., 2021), thus requiring additional preventive measures to 
promote effective health behavior (AGIF, 2020; Moore et al., 2020; 
MPHAT, 2020; Santana et al., 2020; Thompson et al., 2021). In addition, 
the community of scientists, policy and decision-makers, and practi-
tioners in fire management warned about the disruption of training, 
pre-season community engagement, fuel management, and other risk 
reduction activities that could impact not only on fire-fighting crews but 
also on local communities (Field and Appel, 2020; Stoof et al., 2020). 
Rodrigues et al. (2021), for example, suggested a possible fire risk 
amplification due to fuel build-up and lack of forest management, 
following the reduction of winter-spring 2020 fire activity due to 
containment pandemic measures. 

Although several other risks can interact with wildfires and affect fire 
management, the administrative and management paralysis and the 
competition for budgetary resources due to the COVID-19 pandemic are 
probably comparable only to profound economic crisis impacts (e.g., 
Gellert, 1998; Salvati and Ranalli, 2015; Sunniva, 2020). If, on the one 
hand, the last three fire seasons worldwide highlighted the need for a 
shifting mentality towards implementing a multidisciplinary framework 
of integrated management, the pandemic (in conjunction with climate 
changes, depletion of economic resources due to the economic recession, 
and the need for a new type of human resources organization) outlined 
an unprecedented scenario in terms of pervasive fragility of the current 
governance system (Phillips et al., 2020). It served as a wake-up alarm 
(Flyvbjerg, 2020) on the urgent and no longer postponable need to 
change the dominating paradigm almost totally based on emergency 
response. Since pursuing the socio-ecological status quo maintenance 
and the adoption of fire suppression as a unique strategy revealed to be a 
failure approach, other pathways need to be encouraged and put in 
place. Systemic issues require systemic answers, such as the use of 
complex models, multidisciplinary knowledge integration, and, most 
importantly, awareness of the interdependence of multiple factors. 

We feel that it is mandatory and urgent to seize this opportunity to 
rethink and reshape our pathway toward resilience through planning 
and preparing ourselves and our territories to avoid or minimize the risk, 
as well as fostering the capacity to adapt and change after a shock 
(UNDRR, 2019). The paper’s main objective is to go beyond the 
short-term and sectoral governance toward a more sustainable 
long-term perspective, promoting a multifunctional, fire-resistant, and 
resilient mosaic landscape based on sustainable development processes 
and strengthening synergies and coherence among policy objectives and 
territorial governance. Toward this aim, the paper reviews several 
proposed approaches framing the impelling new fire management per-
spectives, highlighting main features and gaps, and finally proposes a 
new “systemic fire management framework”. 

2. Recent approaches to prepare ourselves and our systems for 
incoming wildfire scenarios 

Several contexts have recently been proposed to frame new per-
spectives and integrated approaches in fire management and gover-
nance (e.g., Moritz et al., 2014b; Tedim et al., 2020; Wunder et al., 
2021). The proposed solutions range from general concepts (e.g., human 
and environmental system interaction, the need to adapt to living with 

fire, integrated fire management, resilience thinking) to specific activ-
ities (e.g., the wise use of fire, fuel management, exposure and vulner-
ability reduction, fire preparedness and response improvement) (Tedim 
et al., 2020; Schultz et al., 2019). Table 1 draws the distinctive elements 
of the scientific literature analyzed, also provided in the following 
sections. 

2.1. Socio-ecological systems (SES) 

Chapin et al. (2006) firstly advanced these systems to explore, at 
different spatial and temporal scales, dynamics of human-environment 
interaction and thus provide a sound scientific basis for policy strate-
gies enhancing and contributing to sustainability, including a more 
sustainable coexistence with wildfire (Moritz et al., 2014). Towards this 
end, the comprehensive approach developed by Chapin et al. (2006) 
integrated four policy strategies linking human adaptability, vulnera-
bility, resilience and transformability (Table 1), which offered oppor-
tunities in addressing the socio-ecological concept and the consequences 
of significant changes (e.g. climate/socio-economic changes). Based on 
the recognition of the pivotal importance of context-specific and 
place-based approaches, Moritz et al. (2014) reframed the SES challenge 
under WUI’s context, suggesting the need for a more coordinated 
approach to support policy, planning, management and to enhance 
correct risk perceptions, community preparation, and response. 

Fischer et al. (2016) further included governance systems (interac-
tive and collaborative stakeholder partnership) and innovative strate-
gies (planning approaches, analytical tools, and policies) for accounting 
for socio-ecological interaction at multiple spatial, temporal, and orga-
nizational scales and promoting complex thinking. 

2.2. Integrated fire management (IFM) 

Integrated approaches addressing fire preparedness and response 
while seeking fire causes and long term sustainable solutions have been 
framed out (Moore et al., 2003) by considering the five different com-
ponents of fire management.2 In this context, key stakeholders, espe-
cially local communities, are recognized to play a pivotal role in fire 
management planning. An initial distinctive feature of the IFM concept 
is combining prevention and suppression strategies, especially the wise 
use of fire through traditional burning, prescribed fire, and suppression 
fire. Furthermore, under this concept, fuel management has a prominent 
role in fire management to foster fire-resistance and fire-resilient land-
scapes (Fernandes, 2013), especially in rural-urban interfaces. 

2.3. Fire resilience (FR) 

A growing body of research is recently focusing on the concept of FR, 
strictly related to the socio-ecological dimension of wildfire. Smith et al. 
(2016) introduced the “risk-to-resilience” framework, composed of the 
risk, adaptation, mitigation, and resilience components, to define stra-
tegies for communities and landscapes to coexist with wildland fires. 
Pivotal to this framework is the extension of the “firescape” and “fire 
smart territories” concepts (Tedim et al., 2016; Wood et al., 2011), 
which couple the landscape/territory features with the inclusion of 
human values, perceptions, and processes (Smith et al., 2016). The 
framework proposed by Smith et al. (2016) presents a set of priorities 
and guidelines for achieving resilience, ranging from the identification 
of firescape vulnerabilities (also in terms of second-order and cascading 
consequences of fire, as well as early-warning vulnerability signal) to the 
recognition of community’s responsibility, ability, and capacity to 

2 (1) Review of fire ignition and drivers’ history; (2) Risk reduction through 
the use of fire for education, mitigation, and ecosystem maintenance; (3) 
Readiness to fire-fighting; (4) Response through fire-fighting operations; and 
(5) Post-fire recovery. 
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Table 1 
A summary of the recent approaches advocating for a paradigm shift in fire management under the new wildfire scenarios. The approaches are characterized in their 
main mechanisms (e.g., socio-ecological systems, integrated fire management, fire resilience), the changes in the drivers underpinning the new wildfire scenarios, the 
primary goals and the main strategies/policies whose implementation can lead to the system shift, and finally other synergistic and/or complementary approaches 
integrated into the one under examination.  

Source Approach Change in exogenous 
drivers 

Main goal Levers of transformation Other approach 
incorporated 

Chapin et al. 
(2006) 

Socio-ecological 
system 

Climate warming Identifying policy strategies 
for a cohesive policy response 

(i) human adaptability; (ii) enhance resilience; 
(iii) mitigate vulnerability; (iv) facilitate 
transformability 

Adaptability1, 
Resilience, 
Transformability2 

Moritz et al. 
(2014) 

Socio-ecological 
system 

Climate warming 
Wildland urban 
interface expansion 

Sustainable coexistence with 
wildfire under WUI’s context 

(i) context-specific knowledge and place-based 
approaches; (ii) research to support land-use 
and WUI policy, planning, and management; 
(iii) enhance correct risk perceptions and 
community preparation and response 

Resilience 

Fischer et al. 
(2016) 

Socio-ecological 
system 

Fuel build-up 
Population change 
(expansion of 
exurban areas and 
rural exodus) 
Conflicting 
governance system 

Integrating wildfire 
governance in SES, thus 
reducing wildfire risk while 
mitigating human and 
ecological vulnerability 

(i) policies accounting for socio-ecological 
interaction at multiple spatial, temporal, and 
organizational scales; (ii) building social 
network of stakeholder; (iii) engage 
stakeholders in scenario planning 

Adaptability 

Tedim et al. 
(2016) 

Fire Smart Territory 
based on Socio- 
ecological system 

Not specified Preparing territories to be less 
fire-prone and inhabitants 
less vulnerable 

(i) social solution; (ii) establishment of 
agreement and partnership between institutions 
and communities; (iii) increasing diversity of 
land use toward sustainable development; (iv) 
interactive communication 

Resilience 

Moore et al. 
(2003);Moore 
(2019) 

Integrated fire 
management 

Land-use change 
Economic 
development and 
demographic changes 
Climate trends 
Fuel build-up 

Minimizing the damage from 
fire and maximizing its 
benefits 

(1) review of fire ignition and drivers history; 
(2) risk reduction through the use of fire for 
education, mitigation, and ecosystem 
maintenance; (3) readiness to fire-fighting; (4) 
response through fire-fighting operations; and 
(5) post-fire recovery. 

Not specified 

Smith et al. 
(2016) 

Fire resilience Climate warming 
Wildland urban interface 
expansion 

Provide insight on fire- 
resilient community building 

(i) holistic characterization of firescape 
vulnerabilities; (ii) recognizing fire 
cascading effects; (iii) identifying early- 
warning signals of vulnerability; (iv) 
facilitating adaptation planning through 
fire data standards; (v) addressing barriers 
and capacities to design resilience 
strategies 

Socio-ecological system 

Schoennagel 
et al. (2017) 

Fire (adaptive) 
resilience 

Climate warming 
Wildland urban interface 
expansion 
Fuel build-up 

Fostering adaptive resilience (i) reducing fire suppression and endorsing 
prescribed fire in the WUI; (ii) targeting 
fuel treatments in strategic areas; (iii) 
fostering fire-adapted shifts in ecosystem 
and communities 

Socio-ecological system 

McWethy et al. 
(2019) 

Adaptive and 
transformative 
resilience 

Climate warming 
Wildland urban interface 
expansion 
Fuel build-up 

Identifying actions promoting 
socio-ecological resilience to 
wildfire 

(i) human exposure and vulnerability; (ii) 
fire severity; (iii) fire novelty 

Socio-ecological system 

Tedim et al. 
(2020) 

Shared Wildfire 
Governance 

Not specified Tackling the distinct parts of 
the fire cycle to “thrive with 
fire” 

(i) fostering societal engagement to cope 
with EWEs and community partnerships 
between agencies and citizens; (ii) context- 
specific knowledge and place-based 
approaches; (iii) identification of action 
synergies and monitoring of action efficacy; 
(iv) abating “silos” and enhancing the level 
and the accuracy of knowledge and 
information 

Socio-ecological system 

Wunder et al. 
(2021) 

Fire resilience Wildland urban interface 
expansion 
Fuel build-up 

Integrating fire prevention 
strategies toward fire- 
resilient landscape and 
people 

(i) breaking the fire issue into manageable 
nodes of information; (ii) integration of 
direct and indirect group of actions; (iii) 
integrating multiple benefits and 
community engagement; (iv) making 
pivotal socio-economic consideration 

Adaptive governance 

1According to Chapin et al. (2006), adaptability refers to “the capacity of actors to respond to, create, and shape variability and change in the state of the system”. 
2According to Chapin et al. (2006), transformability is “the capacity to create a fundamentally new system with different characteristics”. 
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achieve resilience. Schoennagel et al. (2017) took another step forward, 
promoting the nested concept of “specified, adaptive, and trans-
formative resilience3” in coupled SES and embracing wildfire as an 
unavoidable catalyst of change. According to these authors, three main 
convergent actions merging ecosystems and community goals (i.e., 
prescribed fire in WUI, strategic fuel treatments, and firewise and fire-
smart community planning) promote adaptive resilience under a 
changing scenario. McWethy et al. (2019) explored and classified 
possible actions within the resilience perspectives to prioritize the 
wildfire coexistence efforts in SES using three gradients (human expo-
sure and vulnerability, fire severity, and fire novelty). In particular, 
actions supporting adaptive capacity focus on fuel management and 
community planning to reduce fire severity and improve fire protection. 
Recently, Wunder et al. (2021) tackled the socio-economic dimension 
for constructing fire-resilience landscape based on (i) interdisciplinary 
approaches, (ii) multiple stakeholder perspective, and (iii) system 
thinking. All these aspects were broken down into nodes of information 
through the “theory of change” framework, which allows to understand 
how intermediate input and treatments could relate to log-term and 
desirable goals. The activities’ efficacy depends on multi-level collabo-
rations, involving and actively engaging landowners, planners and de-
velopers, land managers, and local to regional decision-makers towards 
long-term planning and management (Shindler et al., 2014). 

Although not exhaustive, most of the above-mentioned studies 
advocating for a paradigm shift oscillate between the two poles of the 
fire management issues, either focusing only on the biophysical side of 
the problem or providing general strategies. The studies based on SES, 
for example, promoted innovative approaches incorporating multiple 
problem definitions and encouraging policies and governance shifts 
mainly influencing the human-land-forest nexus and the fire manage-
ment behavior (Fischer et al., 2016). Furthermore, although climate 
warming is recognized as a possible driver, this variable is somewhat on 
the edge of the big picture, slightly addressed or even absent. IFM 
approach expresses the need for merging social, economic, cultural, and 
ecological evaluation into a planning and management system at the 
level where the fires occur (Myers, 2006; Rego et al., 2010; Wingard, 
2000). Nevertheless, it focuses on the use of fire and its dual role, not 
advocating for a governance change (Tedim et al., 2020). Other studies 
based on FR approach dealt with climate changes and used the language 
of adaptive resilience; though, their focus continued to be fire and fuel 
management, encouraging community planning but not explicitly 
requiring the integration of multiple perspectives (e.g. forest manage-
ment) nor clear governance shift. 

3. Promoting a systemic fire management framework 

The high interdependency between forest management, civil pro-
tection policies, land-use planning, agriculture development, climate, 
and energy policies impacting fire management (and in general disaster 
prevention, preparedness, and response), calls for an energetic and 
courageous change of paradigm (Moreira et al., 2020). We need to move 
from “silos” focused on specific aspects of the wildfire problem to an 
integrated (multi-level, multi-actor, cross-sectoral, and multi-purpose) 
and adaptive strategy and governance approach that, as suggested by 
Moreira et al. (2020), would focus more on reducing damages rather 
than burned area. 

We here define a “systemic fire management framework”. This 

approach, integrating the understanding of the wildfire issue from 
multiple perspectives (of which climate change is central), should sub-
stantially contribute to shift the focus from fire emergency management 
to fire risk management and prevention. The principal elements and 
recommendations for addressing the proposed systemic fire manage-
ment framework are discussed as follows. 

The first, central, and distinctive element is represented by bridging 
disaster risk reduction (DRR) with climate change adaptation (CCA). 
The interacting processes of climate change, land-use change, socio- 
economic, and fire management modifications are expected to trigger 
significant fire risk changes. In particular, climate change will exacer-
bate the difficulties in anticipating, evaluating, and communicating both 
probabilities and consequences of extreme events such as wildfire, 
affecting their management (IPCC, 2012). In this sense, CCA and DRR 
can complement developing cross-cutting approaches for the weather- 
and climate-related natural hazards management to build a resilient 
ecosystem and society (EEA, 2017; Mysiak et al., 2018). Although CCA 
and DRR look at weather and climate-related hazards with different 
temporal perspectives, they share many concepts, goals, and processes 
(EEA, 2017). Both emphasize the value of a more holistic, integrated, 
trans-disciplinary approach to risk management (ICSU-LAC, 2009), 
supporting and promoting sustainability in social and economic devel-
opment (IPCC, 2012). To this end, the 5th Assessment Report (IPCC, 
2014) shifted the focus from vulnerability to risk as a combination of 
hazards, exposure, and vulnerability.4 CCA is an integral part of a sus-
tainable development process and must have the same priority as other 
development goals and strategies. In Europe, policy coherence CCA and 
DRR have been galvanized by several commitments (e.g., 2030 Agenda 
for Sustainable Development) and frameworks (e.g., Sendai Framework 
for Disaster Risk Reduction 2015–2030, Paris Agreement on Climate 
Change, EU Civil Protection Mechanism), but still this concept struggles 
to take flight at the governance level. On top of that, COVID-19 set back 
progress, requiring immediate responses and resources, and thus over-
shadowing the climate crisis. Although, there is room for optimism since 
the global health crisis forced the different levels of society to turn 
attention from short-term response to longer-term strategy (Phillips 
et al., 2020), acknowledging the costs of not integrating resilience and 
adaptation thinking into decision-making (Quevedo et al., 2020). 
Bridging DDR and CCA is substantiated by several activities that overall 
require: (i) the risk framing (including climate-related and 
socio-economic factors) and analysis (central part in Fig. 1); (ii) the 
identification, prioritization and implementation of options for climate 
risk management, mainly focusing on those that potentially offer ben-
efits now and address projected changes (IPCC, 2012); and (iii) the 
continuous review and integration of new scientific knowledge also 
through a learning process of monitoring and evaluation (Leitner et al., 
2020). 

The second element of the proposed framework is represented by the 
reformulation of the relationship between fire and society, recognizing 
that focusing on ecological or social research alone cannot solve the fire 
issue complexity (Liu et al., 2007). In the last decades, the detachment of 
local populations from the socio-ecologic phenomenon of wildfire 
(Steelman, 2016) was accompanied by a top-down suppression 
approach, ensuring that communities are not prepared for non-standard 
events. In this context, it is thus impossible to drastically reduce fire 
incidence and damages in the long term (Tedim et al., 2016). Overall, 
social vulnerability, the lack of fire-fighting cost references, and the lack 
of planning over the long term aggravate the actual risk reduction and 
management capacity, further emphasized by social and environmental 

3 Specified resilience applies when fire characteristic is within the historical 
variability. Adaptive resilience implies change, learning, and adaptability as-
pects on ecological and social contexts due to climate changes or fire distur-
bance regime changes. Indeed, adaptive resilience takes “advantage of 
opportunities to moderate potential impacts and cope better with the consequences” 
(Schoennagel et al., 2017). Transformative resilience invokes drastic changes in 
response to radically altered disturbances. 

4 According to this new definition, hazards are driven by changes in climate 
trends, variability, extremes, and cascading physical impacts. Exposure repre-
sents the people and valuable assets at risk. Vulnerability is made of sensitivity 
(the degree to which a system is likely to be affected by or responsive to a 
change) and adaptive capacity. 
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changes. Adopting a systemic view thus requires planning resilience 
through community engagement and social process, making it impera-
tive to reformulate the relationship between fire and society through 
more collaborative and process-oriented decision-making (Greiving 
et al., 2012). This element implies integrating bottom-up demands and 
positions in a participatory process of discussion and negotiation among 
the various stakeholders (Nocentini et al., 2017; Schultz et al., 2019), 
including private companies (e.g., the insurance industry (Kron et al., 
2019)). Instead of deciding on the community’s behalf, the public 
authority’s role is to coordinate the collective decisions that can also be 
re-discussed and re-constructed through continuous learning (Lawrence, 
2007). 

This context will generate considerable complexity for policy and 
decision-making (Hurlbert et al., 2019), which need to balance different 
and competing ambitions and objectives at different scales, connecting 
local needs and agendas to national strategies and international agree-
ments. Among various decision-making tools and approaches, adaptive 
management and adaptive governance have emerged as approaches 
towards the holistic, integrated, and sustainable management of com-
plex environmental problems (Dietz et al., 2003; Folke et al., 2005; 
Walker et al., 2004), mediating multiple stakeholder interests. Adaptive 
management, defined as a systematic approach, aims at improving 
environmental management and building knowledge by learning from 
management output (Murray and Marmorek, 2003). To be successful, 
the process requires identifying the objectives to be achieved, defining 
the evaluation criteria, and considering uncertainties and trade-offs 
within a framework that includes stakeholder participation, contin-
uous learning, and adjustments (Fig. 1, on the left). In the context of 
wildfires, this process requires a portfolio of analytical tools, approaches 
and strategies, at both the short- and the long-term, that can contribute 
to reducing fire risk, adapting, and diversifying forest towards a less 
prone (Lauer et al., 2017) and more resilient structure, also in the 
context of global changes (Moritz et al., 2014). In this sense, sustainable 
forest management, focused on maintaining now and in the future forest 
health and biodiversity (Fürstenau et al., 2007; Mackey et al., 2015; 
Seidl et al., 2016), can also contribute to taking into consideration the 
capacity of the system to react to impacts and learn how to support 
system resilience (Nocentini et al., 2017). In doing so, sustainable forest 

management “can provide cost-effective, immediate, and long-term benefits 
to communities and support several Sustainable Development Goals (SDGs) 
with co-benefits for adaptation (very high confidence) and mitigation (high 
confidence)” (IPCC, 2019). 

According to Dunn et al. (2020), although adaptive management 
remains marginal in fire-prone ecosystem because it requires a profound 
institutional change, its implementation involving tools, risk assess-
ment, and stakeholder engagement is a necessary process for facilitating 
change in the predominant fire management paradigm (Abrams et al., 
2015; Steelman and Nowell, 2019). To this end, adaptive governance is 
more appropriate to support collective actions, actors’ ability to mutual 
learn and respond to change, and evaluating governance strategies over 
time (Cosens et al., 2018). This approach, offering an overall framework 
for fostering change and building resilience (Abrams et al., 2015; 
Chaffin et al., 2014; Folke et al., 2005), incorporates the science, the 
social context, and conditions necessary for sustainable social-ecological 
landscapes (Sharma-Wallace et al., 2018). Good examples of adaptive 
governance are represented by Countries and Regions’ efforts to adopt 
steering mechanisms facilitating vertical and horizontal5 coordination 
between various institutional levels, and the climate change mitigation 
and adaptation mainstreaming in adopted plans and strategies. Towards 
these aims, innovative approaches and technologies could conveniently 
be applied, also promoting income and employment. In this sense, 
bio-economy, defined as an economy based on the sustainable use of 
renewable natural resources (EC, 2018), offers promising results to 
reduce fire risk (Evans and Finkral, 2009; Verkerk et al., 2018), while 
creating new business models to benefit farmers and forest owners 
(Marchetti and Ascoli, 2018). Furthermore, this approach provides 
possibilities to replace fossil-based products (Sillanpää and Ncibi, 2017) 
and explore new emerging markets (Martinez De Arano et al., 2018), 

Fig. 1. – The main pillars of the proposed sys-
temic fire management framework. The 
approach consists in: (i) the integration of 
climate change adaptation (CCA) and disaster 
risk reduction (DRR) in developing cross- 
cutting approaches for weather- and climate- 
related natural hazards management to build a 
resilient ecosystem and society; (ii) reconnect-
ing and empowering communities with their 
territory; (iii) the adoption of adaptive man-
agement approach to connect local needs to 
national strategies and international agree-
ments; and (iv) reframing vertical and hori-
zontal interactions and coherence through 
adaptive governance. The scheme is adapted 
from the IPCC (2019).   

5 Vertical coordination entails the definition of objectives and macro-actions 
consistent with the highest institutional level, to be tailored at the local context 
and matched at the appropriate scale of the problem preferably balancing be-
tween top-down and bottom-up multi-actor decision-making. Horizontal coor-
dination implies the identification of coherence and synergies among services 
and agencies at the same institutional and administrative level. 

V. Bacciu et al.                                                                                                                                                                                                                                  



Environmental Science and Policy 129 (2022) 37–44

42

thus contributing to climate change mitigation and creating employ-
ment in rural areas. 

3.1. Final remarks 

In the last decades, wildfire management agencies worldwide have 
been characterized by a common denominator, the typical “zero fire 
policy” focusing mainly on suppression and professionalization as part 
of the welfare state towards population and assets safety. The recent 
events of destructive fires out of the extinction capacities in many re-
gions and the phenomenon’s inherent complexity highlighted that the 
current policies present a crucial weakness in efficacy. Although it is a 
contingent event, the actual COVID-19 pandemic adds other elements of 
concern at the short- and medium-term to the fire management sector, 
highly stressed by the convergence of recent changes in land use, socio- 
economic, and climate factors. Several “alternative” fire management 
frameworks have been recently suggested, from recognizing the wild-
fire’s socio-ecological system dimension to fire resilience. However, the 
suggested approaches are focused, on the one hand, on the ecological 
side of the issue, mainly recommending fuel reduction and prescribed 
fire management to influence fire behavior, also under climate change 
conditions. Other approaches do not explicitly mention the integration 
of multiple perspectives nor advocate for a governance change. Several 
studies promoted innovative approaches incorporating multiple prob-
lem definitions and promoting policies and governance shifts, but 
climate changes future conditions are slightly addressed or even absent. 

The “systemic fire management” suggested here entails a conceptual 
framework coherent with complex socio-ecological systems under 
climate change, based on an integrated (multi-level, multi-actor, cross- 
sectoral and multi-purpose) and adaptive strategy and governance 
approach. In conclusion, the proposed framework is based on the 
following pillars and requires the following corresponding actions: 

1. Connecting disaster risk reduction with climate change adap-
tation. Innovative approaches tackling multi-hazard and multi-risk 
under current and future conditions are needed to enhance under-
standing of resistance and resilience of eco- and human-systems. 
Besides, these approaches should deal with uncertainties and move 
from short-term actions towards long-term transformations while 
considering ecosystem health and sustainable economic growth.  

2. Supporting community engagement and social process. The best 
prevention and emergency management of both current and future 
fire risk can be achieved by reconnecting communities with their 
territory and empowering them through learning spaces, partner-
ships, and alliances building on mutual strengths and interests.  

3. Adopting adaptive management to support system resilience. 
Some of the steps to facilitate the process, characterized by perma-
nent learning, are: set clear objectives; provide analytical tools and 
data to inform the process; engage with multi-entry stakeholders to 
consider barriers and opportunities and have a common under-
standing of the values at risk; monitor and evaluate the trade-off of 
the implemented actions and the possible fire and forest manage-
ment alternatives.  

4. Reframing vertical and horizontal interactions and coherence 
through adaptive governance. It is of utmost importance to foster 
collaboration across actors and scales aiming at (i) promoting 
cooperative planning and decision-making, including socio- 
ecological aspects; (ii) identifying best practices, adaptation, and 
climate-resilient pathways enabling fire resilient landscapes; and (ii) 
integrating a long-term adaptation perspective in planning and 
implementation capacity. 

The proposed framework is not a one-size-fits-all solution: it needs to 
be tailored accounting for the peculiarity of the socio-ecological system 
in a given territory, from the fire regime characteristics to the policies, 
plans, and strategies governing it. Indeed, fire risk management is at a 

crossroads. First of all, this requires a change of paradigm from a sup-
pression oriented strategy to integrated fire management, where all the 
components of the fire risk are considered, from the communities to the 
institutions, from land use and landscape planning to the design of 
policies tackling urban, agriculture, and rural development. 
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Roberts, D.C., Zhai, P., Slade, R., Connors, S., van Diemen, R., Ferrat, M., 
Haughey, E., Luz, S., Neogi, S., Pathak, M., Petzold, J., Pereira, J.P., Vyas, P., 
Huntley, E., Kissick, K., M. Belkacemi, J.M. (Eds.), Climate Change and Land: An 
IPCC Special Report on Climate Change, Desertification, Land Degradation, 
Sustainable Land Management. Food Security, and Greenhouse Gas Fluxes in 
Terrestrial Ecosystems. 

ICSU-LAC, 2009. Understanding and Managing Risk Associated with Natural Hazards: An 
Integrated Scientific Approach in Latin America and the Caribbean, in: Cardona, O. 
D., Bertoni, J.C., Gibbs, T., Hermelin, M., Lavell, A. (Eds.), Science for a Better Life: 
Developing Regional Scientific Programs in Priority Areas for Latin America and the 
Caribbean Volume 2. CONACYT, Rio de Janeiro and Mexico City, p. 88. 

IPCC, 2014. Summary for policymakers. In: Field, C.B., Barros, V.R., Dokken, D.J., 
Mach, K.J., Mastrandrea, M.D., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., 
Genova, R.C., Girma, B., Kissel, E.S., Levy, A.N., MacCracken, S., Mastrandrea, P.R., 
L.L.W. (Eds.), Climate Change 2014: Impacts,Adaptation, and Vulnerability. Part A: 
Global and Sectoral Aspects. Contribution of Working Group II to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge 
University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 1–32. 

IPCC, 2019. Summary for Policymakers. In: Climate Change and Land: an IPCC special 
report on climate change, desertification, land degradation, sustainable land 
management, food security, and greenhouse gas fluxes in terrestrial ecosystems [P.R. 
Shukla, J. Skea, E. Calvo Buendia, V. Masson-Delmotte, H.- O. Pörtner, D. C. Roberts, 
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Kron, W., Löw, P., Kundzewicz, Z.W., 2019. Changes in risk of extreme weather events in 
Europe. Environ. Sci. Policy 100, 74–83. https://doi.org/10.1016/j. 
envsci.2019.06.007. 

Lauer, C.J., Montgomery, C.A., Dietterich, T.G., 2017. Spatial interactions and optimal 
forest management on a fire-threatened landscape. . Policy Econ. 83, 107–120. 
https://doi.org/10.1016/j.forpol.2017.07.006. 

Lawrence, A., 2007. Beyond the second generation: Towards adaptiveness in 
participatory forest management. CAB Reviews: Perspectives in Agriculture, 
Veterinary Science, Nutrition and Natural Resources,, CABI Wallingford UK. https:// 
doi.org/10.1079/PAVSNNR20072028.  

Leitner, M., Buschmann, D., Capela Lourenço, T., Coninx, I., Schmidt, A., 2020. Bonding 
CCA and DRR: recommendations for strengthening institutional collaboration and 
capacities. Lisbon. 

Liu, J., Dietz, T., Carpenter, S.R., Alberti, M., Folke, C., Moran, E., Pell, A.N., 
Deadman, P., Kratz, T., Lubchenco, J., Ostrom, E., Ouyang, Z., Provencher, W., 
Redman, C.L., Schneider, S.H., Taylor, W.W., 2007. Complexity of coupled human 
and natural systems. Sci. (80-. ) 317, 1513–1516. https://doi.org/10.1126/ 
science.1144004. 

Mackey, B., DellaSala, D.A., Kormos, C., Lindenmayer, D., Kumpel, N., Zimmerman, B., 
Hugh, S., Young, V., Foley, S., Arsenis, K., Watson, J.E.M., 2015. Policy Options for 
the World’s Primary Forests in Multilateral Environmental Agreements. Conserv. 
Lett. 8, 139–147. https://doi.org/10.1111/conl.12120. 

Marchetti, M., Ascoli, D., 2018. Landscape, bioeconomy and wildfire management: a 
challenge to face very soon. . - Riv. di Selvic. Ed. Ecol. 15, 71–74. https://doi.org/ 
10.3832/efor0072-015. 

Martinez De Arano, I., Muys, B., Topi, C., Pettenella, D., Feliciano, D., Rigolot, E., 
Lefevre, F., Prokofieva, I., Labidi, J., Carnus, J.M., Secco, L., Fragiacomo, M., 
Follesa, M., Masiero, M., Llano, R., 2018. A forest-based circular bioeconomy for 
southern Europe: visions, opportunities and challenges. Reflections on the 
bioeconomy,. 

McWethy, D.B., Schoennagel, T., Higuera, P.E., Krawchuk, M., Harvey, B.J., Metcalf, E. 
C., Schultz, C., Miller, C., Metcalf, A.L., Buma, B., Virapongse, A., Kulig, J.C., 
Stedman, R.C., Ratajczak, Z., Nelson, C.R., Kolden, C., 2019. Rethinking resilience to 
wildfire. Nat. Sustain 2, 797–804. https://doi.org/10.1038/s41893-019-0353-8. 

Miranda, A., Amorim, J.H., Valente, J., Monteiro, A., Ferreira, J., Borrego, C., 2014. 
Forest fires effects on the atmosphere: 20 years of research in Portugal. Adv. For. Fire 
Res. Imprensa da Univ. De. Coimbra, Coimbra 1743–1748. 

Miranda, A.I., Martins, V., Cascão, P., Amorim, J.H., Valente, J., Tavares, R., Borrego, C., 
Tchepel, O., Ferreira, A.J., Cordeiro, C.R., Viegas, D.X., Ribeiro, L.M., Pita, L.P., 
2010. Monitoring of firefighters exposure to smoke during fire experiments in 
Portugal. Environ. Int. 36, 736–745. https://doi.org/10.1016/j.envint.2010.05.009. 

Montrose, L., 2020. Smoke from wildfires can worsen COVID-19 risk, putting firefighters 
in even more danger [WWW Document]. Conversat. URL 〈https://theconversation. 
com/smoke-from-wildfires-can-worsen-covid-19-risk-putting-firefighters-in-even-m 
ore-danger-145998〉 (accessed 5.4.21). 

Moore, P., Hannah, B., de Vries, J., Poortvliet, M., Steffens, R., Stoof, C.R., 2020. 
Wildland fire management under COVID-19. Brief 1, review of materials. htt 
ps://doi.org/10.18174/521344. 

Moore, P., Hardesty, J., Kelleher, S., Maginnis, S., Myers, R., 2003. Forests and Wildfires: 
Fixing the Future by Avoiding the Past [WWW Document]. XII Eorld For. Congr. URL 
〈http://www.fao.org/3/xii/0829-b3.htm〉 (accessed 9.7.20). 

Moore, P.F., 2019. Global Wildland Fire Management Research Needs. Curr. . Rep. 5, 
210–225. https://doi.org/10.1007/s40725-019-00099-y. 

Moreira, F., Ascoli, D., Safford, H., Adams, M.A., Moreno, J.M., Pereira, J.M.C., Catry, F. 
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Sillanpää, M., Ncibi, C., 2017. A sustainable bioeconomy: The green industrial 
revolution, A Sustainable Bioeconomy: The Green Industrial Revolution. Springer 
International Publishing,. https://doi.org/10.1007/978-3-319-55637-6. 

Smith, A.M.S., Kolden, C.A., Paveglio, T.B., Cochrane, M.A., Bowman, D.M.J.S., 
Moritz, M.A., Kliskey, A.D., Alessa, L., Hudak, A.T., Hoffman, C.M., Lutz, J.A., 
Queen, L.P., Goetz, S.J., Higuera, P.E., Boschetti, L., Flannigan, M., Yedinak, K.M., 
Watts, A.C., Strand, E.K., Van Wagtendonk, J.W., Anderson, J.W., Stocks, B.J., 
Abatzoglou, J.T., 2016. The Science of Firescapes: Achieving Fire-Resilient 
Communities. Bioscience 66, 130–146. https://doi.org/10.1093/biosci/biv182. 

Spies, T.A., Scheller, R.M., Bolte, J.P., 2018. Adaptation in fire-prone landscapes: 
Interactions of policies, management, wildfire, and social networks in Oregon, USA. 
Ecol. Soc. 23. https://doi.org/10.5751/ES-10079-230211. 

Steelman, T., 2016. U.S. wildfire governance as social-ecological problem. Ecol. Soc. 21. 
https://doi.org/10.5751/ES-08681-210403. 

Steelman, T., Nowell, B., 2019. Evidence of effectiveness in the Cohesive Strategy: 
measuring and improving wildfire response. Int. J. Wildl. Fire 28, 267. https://doi. 
org/10.1071/WF18136. 

Stoof, C.R., de Vries, J.R., Poortvliet, M., Hannah, B., Steffens, R., Moore, P., 2020. 
Preview Brief 2: Wildland Fire Management under COVID-19, Survey Results. 
Wageningen University,. https://doi.org/10.18174/522586. 

Sunniva, R., 2020. Economic crisis leaves Lebanon ill-equipped to fight worsening forest 
fires [WWW Document]. Natl. URL 〈https://www.thenationalnews.com/world/men 
a/economic-crisis-leaves-lebanon-ill-equipped-to-fight-worsening-forest-fires-1. 
1102341〉 (accessed 7.22.21). 

Syphard, A.D., Keeley, J.E., Abatzoglou, J.T., 2017. Trends and drivers of fire activity 
vary across California aridland ecosystems. J. Arid Environ. 144, 110–122. https:// 
doi.org/10.1016/J.JARIDENV.2017.03.017. 

Tedim, F., Leone, V., Xanthopoulos, G., 2016. A wildfire risk management concept based 
on a social-ecological approach in the European Union: Fire Smart Territory. Int. J. 
Disaster Risk Reduct. 18, 138–153. https://doi.org/10.1016/j.ijdrr.2016.06.005. 

Tedim, F., Mccaffrey, S., Leone, V., Delogu, G.M., Castelnou, M., Mcgee, T.K., Aranha, J., 
2020. What can we do differently about the extreme wild fi re problem: An overview 
13. Extrem. Wildfire Events Disasters 233–263. 

Thompson, M.P., Belval, E.J., Dilliott, J., Bayham, J., 2021. Supporting Wildfire 
Response During a Pandemic in the United States: the COVID-19 Incident Risk 
Assessment Tool. Front. . Glob. Chang. 0, 56. https://doi.org/10.3389/ 
FFGC.2021.655493. 

Turco, M., Marcos-Matamoros, R., Castro, X., Canyameras, E., Llasat, M.C., 2019. 
Seasonal prediction of climate-driven fire risk for decision-making and operational 
applications in a Mediterranean region. Sci. Total Environ. 676, 577–583. https:// 
doi.org/10.1016/j.scitotenv.2019.04.296. 

UNDRR, 2019. Global Assessment Report on Disaster Risk Reduction. Geneva, 
Switzerland. 

Urbanski, S.P., Hao, W.M., Nordgren, B., 2011. The wildland fire emission inventory: 
Western United States emission estimates and an evaluation of uncertainty. Atmos. 
Chem. Phys. 11, 12973–13000. https://doi.org/10.5194/acp-11-12973-2011. 

Venn, T.J., Calkin, D.E., 2011. Accommodating non-market values in evaluation of 
wildfire management in the United States: Challenges and opportunities, 20, 
327–339 Int. J. Wildl. Fire. 20 (3), 327–339. https://doi.org/10.1071/WF09095. 

Verkerk, P.J., Martinez de Arano, I., Palahí, M., 2018. The bio-economy as an 
opportunity to tackle wildfires in Mediterranean forest ecosystems. . Policy Econ. 86, 
1–3. https://doi.org/10.1016/j.forpol.2017.10.016. 

Walker, B., Holling, C.S., Carpenter, S.R., Kinzig, A., 2004. Resilience, Adaptability and 
Transformability in Social–ecological Systems. Ecol. Soc. 9, 5. 

Williams, A.P., Abatzoglou, J.T., Gershunov, A., Guzman-Morales, J., Bishop, D.A., 
Balch, J.K., Lettenmaier, D.P., 2019. Observed Impacts of Anthropogenic Climate 
Change on Wildfire in California. Earth’s Futur. 7, 892–910. https://doi.org/ 
10.1029/2019EF001210. 

Wingard, J., 2000. Integrated Fire Management: The Mongolia Experience. Spec. Issue – . 
Fire Manag. Tech. Coop. 

Wood, S.W., Murphy, B.P., Bowman, D.M.J.S., 2011. Firescape ecology: how topography 
determines the contrasting distribution of fire and rain forest in the south-west of the 
Tasmanian Wilderness World Heritage Area. J. Biogeogr. 38, 1807–1820. https:// 
doi.org/10.1111/j.1365-2699.2011.02524.x. 

Wunder, S., Calkin, D.E., Charlton, V., Feder, S., Martínez de Arano, I., Moore, P., 
Rodríguez y Silva, F., Tacconi, L., Vega-García, C., 2021. Resilient landscapes to 
prevent catastrophic forest fires: Socioeconomic insights towards a new paradigm. . 
Policy Econ. 128, 102458 https://doi.org/10.1016/J.FORPOL.2021.102458. 

V. Bacciu et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.jenvman.2011.06.028
https://doi.org/10.1016/j.jenvman.2011.06.028
https://doi.org/10.1038/nature13946
https://doi.org/10.1038/nature13946
http://www.conservationgateway.org/Documents/Integrated_Fire_Management_Myers_2006.pdf
http://www.conservationgateway.org/Documents/Integrated_Fire_Management_Myers_2006.pdf
https://doi.org/10.5194/nhess-18-3137-2018
https://doi.org/10.1016/j.scitotenv.2020.144296
https://doi.org/10.1016/j.scitotenv.2020.144296
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref51
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref51
https://doi.org/10.5194/nhess-2020-69
https://doi.org/10.1038/s41467-020-15961-y
https://doi.org/10.1038/s41467-020-15961-y
https://doi.org/10.1525/bio.2009.59.7.10
https://doi.org/10.1038/s41558-020-0804-2
https://odi.org/en/publications/the-impact-of-covid-19-on-climate-change-and-disaster-resilience-funding-trends-and-signals/
https://odi.org/en/publications/the-impact-of-covid-19-on-climate-change-and-disaster-resilience-funding-trends-and-signals/
https://doi.org/10.1126/science.1132075
https://doi.org/10.1126/science.1132075
https://doi.org/10.2777/248004
https://fireecology.org/news/covid-19
https://fireecology.org/news/covid-19
https://doi.org/10.1016/j.scitotenv.2020.142793
https://doi.org/10.1016/j.scitotenv.2020.142793
https://doi.org/10.1111/1745-5871.12093
https://doi.org/10.1111/1745-5871.12093
https://doi.org/10.1088/1748-9326/abba55
https://doi.org/10.1088/1748-9326/abba55
https://doi.org/10.1073/pnas.1617464114
https://doi.org/10.1073/pnas.1617464114
https://doi.org/10.1186/S42408-019-0028-X
https://doi.org/10.1186/S42408-019-0028-X
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref62
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref62
https://doi.org/10.1111/1365-2664.12511
https://doi.org/10.1111/1365-2664.12511
https://doi.org/10.1016/j.jenvman.2018.05.067
https://doi.org/10.1016/j.jenvman.2018.05.067
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref65
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref65
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref65
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref65
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref65
https://doi.org/10.1007/978-3-319-55637-6
https://doi.org/10.1093/biosci/biv182
https://doi.org/10.5751/ES-10079-230211
https://doi.org/10.5751/ES-08681-210403
https://doi.org/10.1071/WF18136
https://doi.org/10.1071/WF18136
https://doi.org/10.18174/522586
https://www.thenationalnews.com/world/mena/economic-crisis-leaves-lebanon-ill-equipped-to-fight-worsening-forest-fires-1.1102341
https://www.thenationalnews.com/world/mena/economic-crisis-leaves-lebanon-ill-equipped-to-fight-worsening-forest-fires-1.1102341
https://www.thenationalnews.com/world/mena/economic-crisis-leaves-lebanon-ill-equipped-to-fight-worsening-forest-fires-1.1102341
https://doi.org/10.1016/J.JARIDENV.2017.03.017
https://doi.org/10.1016/J.JARIDENV.2017.03.017
https://doi.org/10.1016/j.ijdrr.2016.06.005
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref74
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref74
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref74
https://doi.org/10.3389/FFGC.2021.655493
https://doi.org/10.3389/FFGC.2021.655493
https://doi.org/10.1016/j.scitotenv.2019.04.296
https://doi.org/10.1016/j.scitotenv.2019.04.296
https://doi.org/10.5194/acp-11-12973-2011
https://doi.org/10.1071/WF09095
https://doi.org/10.1016/j.forpol.2017.10.016
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref80
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref80
https://doi.org/10.1029/2019EF001210
https://doi.org/10.1029/2019EF001210
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref82
http://refhub.elsevier.com/S1462-9011(21)00369-5/sbref82
https://doi.org/10.1111/j.1365-2699.2011.02524.x
https://doi.org/10.1111/j.1365-2699.2011.02524.x
https://doi.org/10.1016/J.FORPOL.2021.102458

	Towards a systemic approach to fire risk management
	1 The need for a systemic fire management framework
	2 Recent approaches to prepare ourselves and our systems for incoming wildfire scenarios
	2.1 Socio-ecological systems (SES)
	2.2 Integrated fire management (IFM)
	2.3 Fire resilience (FR)

	3 Promoting a systemic fire management framework
	3.1 Final remarks

	CRediT authorship contribution statement
	Role of funding source
	Ethics
	Declaration of Competing Interest
	References


