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§ Adapting policies and practices to
extreme wildfires: A cross-country
review

This chapter provides an overview of the trends in countries’ policies and
practices in response to the growing occurrence of extreme wildfires. The
analysis is informed by the findings of five in-depth country case studies
conducted in Australia, Costa Rica, Greece, Portugal and the

United States, in addition to a desk review of policies and practices adopted
by countries globally. The chapter assesses whether and how countries
have adapted their policies and practices in light of the growing occurrence
of extreme wildfires. In doing so, it highlights the indispensable and growing
role prevention measures play in limiting the impacts and costs of extreme
wildfires. The chapter identifies good practices and highlights findings and
recommendations for designing a conducive enabling environment.
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3.1. Introduction

The frequency and severity of wildfires, as well as the duration of the wildfire season, are on the rise in
many regions around the world (see Chapter 2). In Australia, average wildfire frequency almost doubled
between 1980 and 2020 and burned forest area increased by 350% between the early 1990s and 2018
(Canadell et al., 202113). In the United States, wildfire severity (i.e. the degree of ecosystem impacts
caused by a fire) increased eightfold between 1985 and 2017 across western forests (Parks and
Abatzoglou, 2020i2), while globally the duration of the fire weather season (i.e. the annual periods in which
meteorological conditions are conducive to fire) increased by 27% between 1979 and 2019 (Jones et al.,
202253)). The growing occurrence of wildfire extremes has challenged countries. Extreme wildfires have
caused a high number of fatalities, with the extreme 2009 Black Saturday wildfires in Australia claiming
over 180 lives (EM-DAT, 20234)). They have also caused detrimental impacts on ecosystems. In the 2017
wildfires in Chile, nearly 40% of critically endangered ecosystems suffered medium to high damage (van
Hensbergen and Cedergren, 20205). The 2018 Camp Fire in California, United States, caused an
unprecedented USD 19 billion in economic damages, while economic damages from the 2019-20 wildfires
in Australia reached USD 23 billion (EM-DAT, 2023)).

In response to the growing occurrence of extreme wildfires, countries have adapted and improved their
wildfire management practices. In doing so, an overwhelming focus has been directed towards
strengthening emergency preparedness and response capacities (Rodrigues et al., 20227;; Verkerk,
Martinez de Arano and Palahi, 2018g)). In the European Union, the EU Civil Protection Mechanism has
helped countries strengthen disaster preparedness and response in times of crisis, including by co-
ordinating wildfire suppression efforts and providing expertise and firefighting equipment (European Civil
Protection and Humanitarian Aid Operations, 2022j9)). In an effort to detect wildfires early, countries have
also improved their fire monitoring capacities. For example, the European Forest Fire Information System
(EFFIS) and the Digital Earth Australia Hotspots monitoring system provide near-real time information on
fire activity (EFFIS, n.d.;105; OECD, forthcomingi11). In Switzerland, a system of sensors provides hourly
information on fuel moisture in selected forest patches (Miller, Vila-Vilardell and Vacik, 2020p12).
Furthermore, early warning and evacuation systems have been improved in response to the gaps observed
during extreme wildfires. For instance, Greece and Portugal introduced a text message system notifying
anyone with cellular reception, including residents and visitors, of imminent wildfires. In Portugal, recent
legislation also mandates the maintenance of ten-metre-wide buffer zones around main roads to ensure
sufficiently large escape routes and access routes for firefighters (Komac et al., 2020;13). Public budgets
reflect this increase in emergency preparedness efforts. In the United States, federal funding for wildfire
suppression has quadrupled, from an annual average of USD 425 million in 1985-99 to an annual average
of USD 1.6 billion in 2000-19 (Roman, Verzoni and Sutherland, 2020(14;). Between 1998 and 2008, Greece
doubled the public funding allocated for wildfire suppression, significantly scaling up aerial firefighting
capacity (Xanthopoulos, 201515, 200816)).

However, growing wildfire frequency and severity have shown the limits of emergency preparedness and
response efforts in the context of climate change (Parisien et al., 202017;; European Commission, 20211s;;
Xanthopoulos, 2008;16)). Increasingly extreme wildfires have strained emergency response resources and
limited their ability to contain impacts. This was observed, for example, during the extreme 2009 Black
Saturday wildfires in Australia, which required more than one month of wildfire suppression to be
completely extinguished (Swiss Re, 2015p19)). In 2018, the outbreak of multiple simultaneous wildfires in
Greece challenged the effective deployment of firefighting resources, contributing to over 100 fatalities in
Mati (Xanthopoulos and Athanasiou, 2019p0). In light of future projected climate change, emergency
preparedness spending in the Canadian provinces of Alberta, British Columbia and Ontario is expected to
have to double by the 2071-2100 period to keep the current levels of success in wildfire response (Hope
et al., 2016p21).
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These and other recent experiences with extreme wildfires highlight the need for a paradigm shift that
brings adaptation and wildfire risk prevention efforts to the centre of wildfire management. In light of the
decreasing marginal benefits of emergency preparedness spending, ex ante adaptation measures contain
a large, untapped potential for improving countries’ resilience to wildfires. This includes efforts that reduce
the exposure of people and economic activities to wildfires by adapting land-use planning and building
construction to growing wildfire hazard. It also includes measures to manage the landscape in a way that
proactively reduces wildfire risk (e.g. fuel management, ecosystem protection, forest adaptation, etc.). This
chapter assesses the degree to which countries have started to invest in wildfire risk prevention efforts.

3.1.1. Methodology

This chapter presents the findings of a cross-country comparative analysis, as well as the results of five
country case studies conducted in Australia, Costa Rica, Greece, Portugal and the United States. The
research focused on public policies and practices to reduce the risk of wildfires. The study sought to
document, evaluate and compare countries’ efforts. The main national counterparts consulted were the
Ministries of Environment, with contributions from the national civil protection authorities and other key
national and subnational agencies engaged in wildfire risk prevention. Annex A provides a list of
stakeholders who engaged in the case study work, including through the elaboration of the case study
reports, responses to the questionnaires, and participation in fact-finding interviews and fact-checking
processes.

To ensure the comparability of the results of the country case studies, the background research, the
country questionnaires that informed the background reports and the fact-finding missions were designed
using the same structure and questions. The country questionnaire is included in Annex B of this report.
The answers to these questions provide a comprehensive picture of how countries adapted their wildfire
risk reduction efforts in response to the growing occurrence of extreme wildfire events.

The remainder of this chapter provides an overview of the case study findings, complemented by a review
of existing policy practices around the world. It starts with an introduction of how wildfire risk prevention is
fostered throughout the wildfire management cycle. It assesses countries’ current efforts in wildfire risk
prevention as compared to wildfire suppression. It then provides an overview of the enabling environment
for wildfire management, including the financing, institutional and policy frameworks. The chapter highlights
emerging good practices and identifies remaining challenges and policy gaps. The chapter’s findings aims
to inform policy makers and decision makers in all countries seeking to improve their wildfire risk
management in the context of growing wildfire risk under climate change.

3.2. Scaling up wildfire risk prevention throughout the wildfire management cycle

In the context of growing extreme wildfire risk, scaling up climate change adaptation measures is critical
to reducing the likelihood, behaviour and impacts of wildfires ex ante (UNISDR, 2017122). Wildfire
prevention entails all measures that reduce wildfire hazard, as well as the exposure and vulnerability of
communities and assets to wildfires, ex ante. Preventative measures include structural or “physical’
measures that aim to manage fuel loads and continuity, such as fuel breaks, buffer zones, and prescribed
and cultural fires, as well as ecosystem protection, restoration and adaptive management (see Section
3.2.1). In addition to physical measures, organisational measures are critical for reducing wildfire risk ex
ante. These include regulations such as land-use planning or building codes and standards, as well as the
fire-resilient management of infrastructure (see Section 3.2.2). Furthermore, wildfire prevention measures
can also be incorporated into post-fire recovery, which plays an essential role in improving long-term
resilience to wildfires (see Section 3.2.3). Wildfire prevention also entails adapting wildfire risk assessment
to include expected climate change impacts on wildfire activity (see Section 3.2.4), as well as scaling up
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awareness-raising measures (see Section 3.2.5), which are needed if all-of-government and all-of-society
are to contribute to reducing the impacts of extreme wildfires (Figure 3.1).

Figure 3.1. Reducing the risk of extreme wildfires through prevention measures
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3.2.1. Fuel and ecosystem management for wildfire prevention

Fuel management is key to reducing wildfire risk and impacts, as it allows to manage the type and
conditions of fuel loads in the landscape (Corona et al., 201523)). Fuel consists of live or dead biomass,
e.g. vegetation, that is sufficiently dry to burn (see Chapter 2). Measures to manage fuel primarily include:
the creation of fuel breaks and buffer zones; the use of prescribed and cultural fires ignited under safe
conditions; the adaptive management of fire-prone ecosystems; and the protection and restoration of
wildland ecosystems, such as forests and peatlands.

Fuel breaks and buffer zones

Managing fuel accumulation and continuity is particularly critical to reducing wildfire risk in the wildland-
urban interface (WUI). Measures commonly used include buffer zones (or defensible spaces, i.e. strips of
non-flammable land typically used to isolate exposed property, settlements and key infrastructure assets
from flammable vegetated land) and fuel breaks, i.e. non-flammable strips of land (e.g. roads, rivers, crops,
etc.) that can slow down or limit wildfire spread by breaking fuel continuity. Besides being a critical tool for
wildfire prevention, these measures also facilitate emergency preparedness and response operations, as
they provide evacuees and firefighters with protected corridors to transit (Rossi, Morvan and Simeoni,
201924)), as proven during recent extreme wildfires in the United States (US National Park Service, 202125,
Roman, 20182¢)).

Fuel breaks are widely used in several countries (Mdiller, Vila-Vilardell and Vacik, 202012;; Ruiz-Mirazo,
Robles and Gonzalez-Rebollar, 201127; Bertomeu, Pineda and Pulido, 2022;2g]). In Australia and Portugal,
the use of strategic networks of fuel breaks alternating different land covers (known as fuel mosaic areas)
has significantly reduced landscape flammability and facilitated emergency response operations (OECD,
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forthcomingzg}; forthcomingj11]). Some governments have also bought private lands particularly exposed to
wildfires to turn them into non-flammable fuel break areas. This occurred, for instance, in the aftermath of
the extreme 2018 Camp Fire, when the municipality of Paradise, California acquired some of the most
severely burned areas and transformed them into fire-resilient green spaces that serve as fuel breaks
(Brasuell, 202130)).

The use of buffer zones to protect exposed assets and settlements is also widespread and has gained
increasing attention in recent years (Roman, 201826]). Following particularly extreme wildfire events, both
Greece and Portugal mandated the creation and maintenance of buffer areas in rural areas. In Portugal,
these are mandatory for both new and existing buildings in WUI areas, while in Greece, new regulations
require land tenants and owners in high-risk areas to remove excess vegetation and other flammable
materials (e.g. firewood) from the perimeter surrounding their assets before the start of the wildfire season
(OECD, forthcomingpze;; OECD, forthcomings1j; Hellenic Republic, n.d.;z2;). In Portugal, the Condominio de
Aldeia programme encourages fuel management in the surroundings of exposed WUI settlements and
assets, promoting fire-resilient land-use changes through active land management and community
engagement (OECD, forthcomingpe); Presidency of the Council of Ministers, Portugal, 2021(33). The
programme also provides funding for managing fuel loads around properties and settlements and co-
finances property owners’ investments through national funding. In addition, economic incentives and
government guidelines are sometimes used to encourage property owners to maintain buffer zones around
their assets free from excess vegetation (e.g. by trimming trees, keeping grass short and removing plants
from the immediate vicinity of the property) and other flammable fuels (e.g. debris and firewood piles)
(Figure 3.2). For example, the state of Colorado, United States, offers tax incentives of up to USD 2 500
for property owners who implement prevention measures such as vegetation thinning and fuel breaks
(Colorado Department of Revenue, 202234)).

Figure 3.2. Buffer zones and safety measures to reduce wildfire risk

Keep firewood and other flammable items away

Remove debris from roof, chimney and gutters . . ..
¥ g from the immediate vicinity of assets

Trim trees Keep grass short and watered

Remove plants from the immediate vicinity of Remove dead vegetation from the ground
the house (branches, leaves)

Develop and maintain access routes

Agricultural practices also play a key role in implementing fuel breaks and buffer zones. Non-flammable
crops (e.g. fruit trees) can be used as fuel breaks, and agricultural practices such as grazing have also
proven successful in reducing fuel loads (Ruiz-Mirazo, Robles and Gonzalez-Rebollar, 201127;). Controlled
grazing for fuel management is particularly common in Mediterranean countries such as France, Israel,
Portugal and Spain (Komac et al., 2020p13)). Portugal and Spain encourage these practices through
payment-for-ecosystem-services schemes, which reward local shepherds for undertaking grazing activity
in public forests or around exposed settlements and assets (OECD, forthcomingjzg;; Ruiz-Mirazo, Robles
and Gonzalez-Rebollar, 201127;; Varela et al., 201835)).
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Despite their widespread uptake, the implementation of fuel breaks and buffer zones is subject to
significant challenges. Local governments often lack the information and capacity to regulate, develop and
maintain effective fuel break networks, as well as to enforce these requirements on private lands where
regulations are in place. Land abandonment also poses significant challenges to the management of fuels
on public and private lands, as it facilitates vegetation encroachment and fuel accumulation (Frei et al.,
2020;361; Moreira et al., 202037;; Ruiz-Mirazo, Robles and Gonzalez-Rebollar, 2011277). Over the past
century, land abandonment in the Mediterranean region has been associated with significant fuel build-up,
which has contributed to an increase in wildfire risk in the region (Mantero et al., 2020;3g]). This was the
case, for example, in Portugal, where between 1960 and 2021 the rural population decreased from
5.7 million to 3.4 million, i.e. from 65% to 33% of the total population, leaving large portions of rural land
unmanaged (World Bank, n.d.;ze;; OECD, forthcomingpze). Extreme wildfires also reduce the effectiveness
of fuel breaks and buffer zones. For example, during the 2019-20 extreme wildfires in Australia, as well as
during recent extreme wildfires in Andalusia, Spain, strong winds coupled with exceptionally intense
wildfires allowed embers to overrun fire breaks (Nolan et al., 202140).

Prescribed and cultural fires

Prescribed fires consist of small-scale, low-intensity, controlled fires ignited to achieve specific land
management objectives, including wildfire prevention and ecological or agricultural management
(Belcher et al., 202141;; Santin and Doerr, 20162)). In the context of wildfire prevention, prescribed fires
are implemented before the start of the wildfire season to reduce fuel loads. Yet, controlled fires can also
be used during the wildfire suppression phase to contain or control the spread of ongoing wildfires, a
technique known as backfires. Countries such as Australia also encourage early-season prescribed fires
to contain their annual wildfire-related greenhouse gas emissions, as controlled low-intensity fires release
less carbon than intense wildfires occurring in the dry season (IPCC, 20223); Lipsett-Moore, Wolff and
Game, 202144)).

The extent to which prescribed fires are used for wildfire prevention varies significantly across countries
(Montiel and Kraus, 2010us]). For example, prescribed fires have been used for many decades in Australia,
Canada and the United States (Burrows and McCaw, 2013¢}; Melvin, 202147)), while in Europe their use
remains restricted (e.g. in France and Portugal) or completely forbidden (e.g. in Greece) (OECD,
forthcomingzg;; forthcominggs1); Corona et al., 2015p23;; European Commission, 2018us); Fernandes et al.,
2013pu9)). Restrictions on the use of prescribed fires usually stem from security or environmental concerns
about the impact of such measure on air quality and the risk of prescribed fires slipping out of control
(Huang et al., 2019s0;; USDA, 2018;51;). This high-risk perception often goes hand-in-hand with a limited
awareness of the benefits of prescribed fires. To overcome these challenges, France and Portugal have
recently set up specific legal frameworks to regulate active fire use, which include systems for the
professional accreditation of prescribed fire managers (Montiel and Kraus, 2010p5)). The use of backfires
is rather common in Mediterranean countries such as Cyprus, Portugal and Spain (OECD, forthcomingzg;
Montiel and Kraus, 2010u5)) and has recently been allowed in Greece (OECD, forthcomings1j).

In addition to prescribed fires, other types of controlled fires on private lands can help reduce fuel
accumulation and, thus, wildfire risk. These include agricultural fires ignited by farmers to regenerate crops
and pastures, clear the land, and dispose of agricultural waste, as well as the cultural fires' ignited by
indigenous groups and local communities (Box 3.1). The use of agricultural fires is regulated by national
or subnational laws that define when, where and under which conditions prescribed fires can be used. In
many cases, agricultural fires are forbidden during the wildfire season and can only be implemented after
obtaining a permit from the relevant authorities (Miller, Vila-Vilardell and Vacik, 2020;12;; Department of
Agriculture, Food and the Marine, Ireland, n.d.;s2;). To limit the use of fire for opportunistic development
purposes, countries such as Ireland only allow the active use of fire on lands that will then be used for
agricultural purposes (Department of Agriculture, Food and the Marine, Ireland, n.d.[s2).
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However, stricter regulations on the active use of fire and better enforcement of such regulations still lack
in many cases. Climate change only adds to these gaps, as longer fire seasons and less predictable
weather patterns hamper the effectiveness of season-bound restrictions on the active use of fire. Besides,
while regulating and restricting the use of fire in high-risk periods is critical to reducing wildfire risk, securing
an ecological amount of fire activity in the landscape is important, too, to avoid the excessive accumulation
of fuel. As in many cases liability concerns regarding the risk of prescribed fires slipping out of control have
discouraged private landowners from using fire on their lands, some governments — e.g. the state of
California — have lifted liability laws for wildfires resulting from escaped prescribed fires, thus enabling the
use of prescribed fires by indigenous groups to reduce wildfire risk (OECD, forthcomingss); Weir et al.,
202054)).

Box 3.1. Harnessing cultural fires and indigenous knowledge for wildfire prevention

For thousands of years, local communities and indigenous people have used fire to manage
ecosystems (Christianson, 2015ss; Firesticks, 2019pse)). Some governments have engaged with
indigenous and local communities to enable and integrate the use of these practices into broader
wildfire prevention plans. This has been the case, for example, in Australia, California, and the
Bolivarian Republic of Venezuela (Pardo Ibarra, 2020;57;; OECD, 2021isg)). In Australia, the use of
cultural fires was associated with a reduction of 50% in the area burned between 2000-06 and 2013-19
(OECD, forthcomingj11)).

At the same time, countries have also set up programmes to facilitate the integration of local and
traditional knowledge into policy processes. For example, collaborations between government officials,
firefighters and indigenous communities were set up in Australia and Brazil, as well as in California and
Hawaii (United States), to scale up the competences of local firefighters, improving land-use planning
decisions and creating participatory local fire management plans (OECD, 2021s9;; 2021s8;; Sommer,
2020607). In Brazil, the collaboration of government officials and indigenous people was associated with
a 40-57% reduction in wildfire risk in three large territories (as compared to the years preceding the
programme implementation) while also improving relations between the government and indigenous
communities (FAO, 2021s1)).

Sources: Christianson (2015ss)); Firesticks (2019se)); Pardo Ibarra (2020;57)); Sommer (2020;607); OECD (202159); 2021s8; forthcomingj11);
FAO (20211)).

Adaptive ecosystem management

Active and adaptive forest management can significantly reduce wildfire risk. Planting fire-resilient species
and excluding particularly fire-prone species in high-risk areas plays a key role in reducing landscape
flammability and increasing vegetation resilience to wildfires (Fitzgerald and Bennett, 201352;). These
interventions are particularly important in fire-prone areas where highly flammable non-native species
prevail. For example, in Portugal, the total area of eucalyptus forests grew by 62% between 1990 and 2017
(APA, 20201s3)) and currently accounts for 26% of the total forest area of mainland Portugal, according to
the country’s latest forest inventory (ICNF, 2016e4; 202165; OECD, forthcomingpze)). To address this
challenge and reduce landscape flammability, Portugal has established a pilot payment-for-ecosystem-
services scheme that rewards private landowners who plant native species (OECD, forthcomingzg).
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Other widely used ecosystem-based interventions for wildfire risk reduction include the use of vegetation
thinning, i.e. the selective removal of some parts of the vegetation to reduce excessive forest density.
Forest thinning makes forest stands healthier and more resilient to wildfires (Figure 3.3) and other risks,
such as pest outbreaks (Oregon Forest Resources Institute, 2023sg]). For instance, in Spain, the use of
forest thinning, along with prescribed fires, has significantly reduced the wildfire spread rate and severity
in forested lands (Piqué and Domeénech, 201859)). Yet, existing land ownership structures often hamper
the effectiveness of these measures (Box 3.2). Besides, in some areas (e.g. in the Alpine region), forest
owners often lack the necessary awareness and skills for adaptive forest management, which can lead to
inappropriate levels or types of forest management. Local governments themselves may, in some cases,
lack the capacity to manage (or mandate the management of) forests in line with local ecological needs
and characteristics.

Box 3.2. Managing fuel in private lands: The challenge of land ownership

Engaging with private land owners is a critical component of wildfire prevention, as they are responsible
for implementing fuel management measures on private land. This is particularly important in countries
where land or forests are largely owned by private entities — such as in Portugal, where only 3% of
forested land is owned by the state. Yet, in several countries, the enforcement of existing requirements
concerning active forest management is challenged by unknown or unclear land ownership, which
raises the question of who should manage fuel accumulation when landowners are not clearly defined.
For example, in Portugal, over 20% of forestlands have no or unknown ownership and only 46% of
forest areas are included in the land registry. In Greece, similar challenges are further complicated by
the unclear delineation of forest areas (APA, 2020p3); Triantis, 2022s; OECD, forthcomings1;
forthcomingzg)).

To tackle these challenges, Portugal has recently passed a law that enables the state to carry out fuel
management activities in forestlands where the owner is unknown or where owners fail to carry out the
requested fuel management efforts, a practice known as “forced tenancy”. In addition, the Bolsa de
Terras programme encourages public and private lands to be made available for lease or sale to
facilitate their active management via agricultural, forestry and silvipastoral activities (OECD,
forthcomingjzg)).

Sources: OECD (forthcomingegy; forthcominggs1); APA (2020p3); Triantis (2022p6)); The Nature Conservancy and Willis Watson Towers
(2021567)).
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Figure 3.3. The benefits of active fuel management for wildfire risk reduction in forested areas
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Protecting and restoring ecosystems is critical for wildfire risk prevention. Healthy forests, peatlands and
other wildland ecosystems are usually less prone to wildfire ignition and spread and more resilient to the
potential negative impacts of wildfires. They also contribute to other societal goals, including the
conservation of biodiversity and climate change mitigation (OECD, 202170)).

Ecosystem degradation, aggravated by climate change, has made many ecosystems more prone to fire.
For example, forest degradation and fragmentation due to excessive logging, overgrazing and
deforestation can reduce forest humidity and increase atmospheric temperature, enhancing the risk of
extreme wildfires (Wester Fire Chiefs Association, 202371;). Peatland drainage and associated drying can
also enhance wildfire risk, as dry peat is highly flammable and wildfires in peatlands can burn underground
and are thus difficult to extinguish (Borneo Nature Foundation, n.d.i7z;). For example, the large extent of
burned area observed during the 2016 wildfires in Ghana was associated with forest degradation, which
by reducing fuel moisture exacerbated the impacts of drought and contributed to the spread of the wildfire.
Consequently, the extent of burned area in degraded forest stands was found to be higher than that
experienced by healthier ones (Dwomoh et al., 201973)). Similarly, low water levels in Indonesia’s degraded
peatlands contributed to the occurrence and severity of the 2015 wildfires by making the landscape more
flammable (UNEP, n.d.i74).

Following particularly extreme wildfires in recent years, protecting and restoring forests and peatlands have
become a key element in many countries’ wildfire risk prevention efforts. Forest restoration efforts such as
reforestation, tree diversity restoration, and the control of invasive and underbrush species are at the centre
of wildfire risk prevention efforts in Costa Rica (Box 3.3), Gambia and South Africa (Global Canopy,
202175;; UNEP, UNEP-DTU Partnership, World Adaptation Science Program, 202176); Republic of South
Africa, 2022i777). The United States has also recently announced a new partnership among federal and
state agencies and indigenous communities to enhance nature conservation and reforestation efforts for
wildfire risk reduction (Government of the United States, 2022(7g)). In the aftermath of the 2015 extreme
wildfires, Indonesia established an agency dedicated to peatland restoration and pledged to restore the
hydrological balance of over 2 million hectares of peatland in an effort to reduce future wildfire risk and
greenhouse gas emissions (Ward et al., 202179;; Wijaya et al., 2016(s0]). Countries have also adopted strict
rules to protect forests and peatlands from deforestation, degradation and land-use changes that could
lead to higher wildfire risk. In the aftermath of the 2015 wildfires, Indonesia issued a permanent moratorium

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



94 |

on primary forest and peatland conversion permits (Wijaya et al., 2016s0;), while in 2022, the United States
issued an executive order to protect old-grown forests to reduce wildfire risk (Government of the United
States, 2022(7s)).

Box 3.3. Wildfire risk prevention in protected areas: The case of Costa Rica

Costa Rica is recognised globally for its national system of protected areas and natural parks, which
cover over 25% of its continental territory. In these areas, the National System of Conservation Areas
(SINAC) — i.e. the agency in charge of designing and implementing national strategies and projects in
protected areas — promotes wildfire prevention by encouraging active ecosystem management. In the
Palo Verde National Park, ecosystem-based interventions include the management of fuel
accumulation through controlled fires, extensive grazing and the mowing of vegetation. Prescribed fires
are also used every year in the Santa Rosa National Park as part of the local wildfire protection
programme. In some protected areas, activities are also carried out to recover water bodies, estuaries
and seasonal wetlands. In and around the territory of protected areas, SINAC also works to raise public
awareness of the ecological value of protected areas and the risks posed by wildfires in the context of
climate change. It also undertakes research on the fuel characteristics and wildfire drivers in
Costa Rica’s protected areas. Since 2013, Costa Rica has also engaged in technical studies to identify
the areas projected to be most affected by wildfires under future climate change.

Sources: SINAC (n.d.is1); MINAE (n.d.js21); Espinoza (2016(s3).

Despite some progress, there is scope to strengthen efforts to protect and restore wildland ecosystems
from unsustainable land-use practices. The lack of compliance with existing regulations is a key challenge
in many of the countries suffering from high deforestation rates. For example, Brazil faces major
compliance issues in the application of its national Forest Code, which requires private landowners in
ecologically sensitive areas to maintain a share of their lands undeveloped (Stefanes et al., 2018s4;). Low
compliance has been associated with insufficient monitoring and enforcement activities, as well as
incomplete rural land registries, which in the Brazilian Amazon provide clear land ownership information
for only 10% of all private lands (The Nature Conservancy, n.d.jss)).

Maijor policy gaps also remain in the restoration of natural fire activity, which in some areas is an important
pillar of ecosystem restoration. While fire-adapted ecosystems may benefit from natural wildfire
occurrence, countries often tend to favour the immediate suppression of wildfires, even in remote areas
where low-intensity natural wildfires do not pose an immediate threat to communities or exposed assets.
This insufficient level of natural fire activity in fire-adapted ecosystems is often linked to a lack of technical
knowledge and skewed risk perception and can have long-term implications on ecosystem health and
resilience to future wildfire risk (UNEP, 2021;s¢]). The excessive reliance on wildfire suppression has been
associated with ecosystem imbalances in many areas, including in Brazil, Greece, the United Republic of
Tanzania and the United States (Kelly et al., 2020;s7;; Xanthopoulos, 200816)).

3.2.2. Land-use planning and building regulations for wildfire prevention

Land-use planning and building regulations play a critical role in wildfire risk prevention, as integrating
wildfire hazard information into land-use decisions can directly reduce the exposure and vulnerability of
people and assets.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



| 95

Land-use planning for wildfire prevention

Land-use planning allows limiting development or mandating specific prevention measures for new and
existing constructions in fire-prone areas. In particular, land-use zoning and regulations on building height
and density within each land parcel can help contain wildfire risk, reducing fire spread and building
resilience to wildfire impacts (Ganteaume and Long-Fournel, 2015(ss)).

Land-use zoning informed by wildfire risk assessments (see Section 3.2.4) has been widely used to reduce
human and asset exposure to wildfire risk. For example, in Portugal, the construction of new permanent
buildings is forbidden in areas characterised by “high” and “very high” wildfire hazard (OECD,
forthcomingpze); Presidency of the Council of Ministers, Portugal, 202133)). Exceptions to this ban are only
granted in specific cases and when risk reduction measures, such as buffer zones, are implemented. In
France, wildfire risk prevention plans regulate development in fire-prone areas, banning development in
areas where property protection is impossible and only allowing it where exposure and vulnerability can
be reduced via specific wildfire risk reduction measures, such as the use of fire walls or non-flammable
building materials (Kocher et al., 2017sq).

Nonetheless, due to high demand for residential and touristic development, asset construction in the WUI
continues to grow in several countries. For example, between 1990 and 2010, the WUI area and population
in the United States increased by 33-34%, contributing to the devastating wildfire impacts observed in
recent years (Radeloff et al., 2018(901). These trends, which are particularly common in coastal areas or
metropolitan areas expanding into fire-prone areas, only exacerbate the low planning and enforcement
capacity that characterises some local governments. In Greece, high development demand in the WUI
combined with unclear land type categorisation have facilitated informal housing development in high-risk
areas, with an average of 31 000 informal buildings built illegally every year between 1991 and 2001 (i.e.
one-quarter of total development occurred in the country in the same period) (Blandford, 201991;; Triantis,
2022;661). During the extreme Mati wildfires in 2018, the high number of assets that did not have building
permits contributed to the severity of the fires, resulting in a building destruction rate of 80% (Hellenic
Republic, 2021(92); Blandford, 201991;; OECD, forthcomings1)).

Building codes and standards for wildfire-resilient assets

Building codes and standards regulate how physical assets such as houses and infrastructure should be
built or managed. For example, they can mandate the use of non-flammable materials for buildings and
fences or the upgrade and maintenance of assets using hard reinforcement and defensive measures
(e.g. requirements on the fireproofing of windows, vents, chimneys, etc.) (Figure 3.4). Altogether, these
practices are particularly effective in reducing the likelihood of assets being burned, as in many cases
buildings are ignited by flying embers rather than by direct contact with the wildfire itself (Insurance Institute
for Business & Home Safety, 201993]). A recent study suggests that structural improvements alone can
reduce wildfire risk by up to 40%, reducing losses by five times compared to highly flammable structures
(Czajkowski et al., 2020j941). This was demonstrated during the 2018 Camp Fire in California, when only
11.5% of older houses (i.e. houses built before 1990) survived the fire, while 44% of the houses built after
2008 (i.e. a year in which stricter building regulations were implemented) survived the fire (Knapp et al.,
2021p9s)). Similarly, during the extreme Attica fires in Greece, the village of Neos Voutzas — a highly
exposed settlement mostly built out of high-quality building materials — suffered limited damage, while in
the neighbouring village of Mati, 80% of constructions were completely destroyed (Hellenic Republic,
2021192;; OECD, forthcomings1).
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Figure 3.4. Building reinforcement options for wildfire-resilient housing

Build fire-proof roofs

Install spark arresters

Install metal screens to cover all vents

Use metal gutters

Use double or multi-paned tempered
glass windows

Use non-flammable building material
for buildings, decks and fences

Source: Based on Lynch, McMahon and Sassian (20199)).

Building codes and standards are used to contain wildfire impacts and costs several in high-risk areas.
Legislation mandating structural protection measures and fire-proof building design, including the use of
non-flammable materials and non-flammable roofs and fences, is in place in Greece and Portugal (OECD,
forthcomingpzg); forthcomingps1;; Hellenic Republic, n.d.i32). In New Zealand, the national government
implemented building regulation clauses to limit the spread of wildfires and ensure the structural stability
of buildings during wildfires (Government of New Zealand, 2021971). In California, new assets built in fire-
prone areas are subject to building code requirements, including on defensible space and construction
materials and methods (ICC Digital Codes, n.d.jes;; OECD, forthcomingyss)). Besides, in the United States,
the application of the International Wildland-Urban Interface Code (IWUIC),? a model code designed to
support land development regulation in the WUI, is mandatory for every new federal building of a certain
size built in WUI areas (US Fire Administration, 201699; OECD, forthcomingiss)). In Australia, voluntary
best-practice guidelines on wildfire-resilient construction are also in place (OECD, forthcomingii1;). In
Boulder County, Colorado (United States), the local government funds house inspections that provide
tailored recommendations for risk prevention measures that can be adopted at the property level (e.g. fire-
proof roofs and windows, non-flammable building materials, buffer zones). Property owners who implement
these measures receive certificates that enable them to get insurance coverage for wildfire risk (Boulder
County, n.d.j1001; Kunreuther and St. Peter, 2020;1011).

However, despite recent improvements, the development and implementation of building regulations are
still limited. In many cases, existing building codes and standards only apply to new developments, leaving
a regulatory gap for buildings and assets that already exist in high-risk areas. Besides, building codes and
standards are sometimes developed in the form of non-legally binding guidelines to be adopted on a
voluntary basis. Besides, in some cases, subnational governments lack the capacity to develop fire-
resilient land-use and building regulations. To address this challenge, in Colorado, programmes are in
place to encourage the integration of risk reduction measures into county-level land-use and building
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regulations (Planning for Hazards, n.d.j102). In addition, where building codes exist, their enforcement
remains a key challenge (IBHS, 2019103]), mostly due to limited monitoring capacity and resources at the
local level. To tackle low compliance with existing building regulations, some local governments in Oregon,
United States, have set up fines for non-compliance (Roman, 2018)).

Infrastructure design, operation and management

Infrastructure managers and operators can play a key role in wildfire risk prevention. While wildfires can
have negative impacts on infrastructure by destroying or damaging exposed assets and interrupting
infrastructure services (see Chapter 2), poorly planned or managed infrastructure in WUI areas can, in
turn, increase wildfire risk (IPCC, 2022u43)). In many cases, infrastructure such as railways and electricity
lines represent a key cause of wildfire ignition. For example, in California, utility failures caused the ignition
of 40% of the most destructive wildfires in the state’s history, including the devastating 2018 Camp Fire
(Legislative Analyst's Office, 20211041). Five of the ten wildfires that caused the most destruction in
California between 2015 and 2019 were linked to failures in the electrical network of one single energy
utility, whose assets were found to be in a state of neglect and did to meet state requirements on
infrastructure maintenance (Penn, Eavis and Glanz, 2019105). As conditions conducive to extreme
wildfires grow in the context of climate change, similar events only become more likely, making climate-
resilient infrastructure design and management ever more crucial to reduce wildfire risk (Lyster, Farber
and McFadden, 20221061). At the same time, it is essential to build critical infrastructure networks that are
resilient to current and future wildfire risk, ensuring that their services and operations continue running as
much as possible even during wildfire events (OECD, 2019107)).

To build infrastructure resilience to wildfires, countries have adapted regulations mandating infrastructure
operators to abide by safety rules and develop contingency plans that can reduce wildfire risk and impacts.
For example, Canada requires its two largest train companies to reduce train speed during high wildfire
risk periods, as well as to remove flammable materials from the tracks and prepare their own wildfire risk
reduction plans (Scherer, 20211087). In addition, some national and subnational governments set specific
programmes and targets to ensure wildfire-resilient infrastructure development. Following the extreme
2009 wildfires, the state of Victoria, Australia, established an AUD 750 million Powerline Bushfire Safety
Program, which has reduced wildfire risk from powerline ignition by upgrading the electricity distribution
network and regulating infrastructure management in high-risk areas (OECD, forthcomingj11j; Victoria State
Government, 2022109]). In Portugal, the Climate Change Adaptation Action Plan sets the ambition to have
50% of its transport infrastructure companies develop an adaptation or contingency plan for extreme
events by 2030 (OECD, forthcomingpe). Furthermore, infrastructure project plans in Portugal must
consider climate scenarios to be approved and, in most cases, critical infrastructure managers are legally
required to manage wildfire risk around their assets (OECD, forthcomingzg).

Infrastructure managers and operators have also taken voluntary measures to reduce wildfire risk. For
example, Portugal’s largest generator and provider of energy, Energias de Portugal, has developed its
own wildfire hazard reduction plan, which includes interventions on fuel management, asset management,
wildfire surveillance and awareness-raising activities. Since 2013, the plan has contributed to reducing the
burned area in Sabor Valley from an average of 210 hectares per year to 14 hectares per year (UNDRR,
20211110)). In Southern California, San Diego Gas & Electric, a public utility provider, has installed additional
weather stations, cameras and other technology to monitor real-time wildfire risk and adapt operations
accordingly (Penn, Eavis and Glanz, 2019105). Overall, while regulations that require infrastructure
managers and operators to abide by certain safety rules are in place in some cases, in many countries
such measures are implemented on a voluntary basis.
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3.2.3. Mainstreaming wildfire prevention in post-fire recovery measures

The period following a destructive wildfire offers a window of opportunity to integrate risk prevention
considerations into recovery efforts and build long-term resilience (Schumann et al., 2020;111}). Indeed, the
policy and management decisions taken in the aftermath of a wildfire can affect future wildfire hazard as
well as the exposure and vulnerability of communities and assets to future wildfire risk (Pacheco and Claro,
202011127). Post-fire recovery encompasses all the rehabilitation, restoration and reconstruction
interventions that take place after a wildfire, including both short-term efforts to stabilise the emergency
and long-term interventions aimed at the recovery of ecosystems and socio-economic assets and systems.

Emergency stabilisation

Emergency stabilisation efforts are undertaken immediately after a wildfire to contain damage and prevent
cascading risks and impacts to life and ecosystems, as well as to socio-economic and cultural assets
(Pacheco and Claro, 2020112;; US Forest Service, 2021113)). Stabilisation interventions can focus on
reducing the risk and impacts of post-fire soil erosion, landslide or water contamination (UNEP, 2021se))
as well as on restoring critical infrastructure and basic services, such as transport or electricity networks.
Emergency stabilisation interventions usually focus on severely burned areas, as well as on areas
considered particularly vulnerable to negative post-fire risks and impacts, such as erodible steep slopes or
river catchments and critical infrastructure downstream (Cerda and Robichaud, 2009114)).

In many countries, emergency stabilisation is considered the key priority after a wildfire has been
extinguished, as the timeliness of such interventions is critical to ensure their effectiveness. This is the
case in the United States, where after a wildfire the Forest Service’s Burned Area Emergency Response
prioritises the stabilisation of burned lands, e.g. through the modification of drainage systems to reduce
debris flow risk and the plantation of quick-growing species for hillslope stabilisation, erosion and water
pollution control (OECD, forthcomingssj; USDA, n.d.115)). Similarly, in Chile and the United Kingdom, the
treatment of burned hillslopes has been used to prevent soil erosion (Robinne et al., 202111¢}; van
Hensbergen and Cedergren, 2020;5)). To contain risk, Portugal also uses fuel breaks to isolate the areas
where extinguished fires could likely reignite, a practice known as rekindle control. Increased efforts in
rekindle control reduced the total area burned by rekindle fires eightfold between 2001-17 and 2018-21
(from 13 000 hectares per year to 1 500 hectares per year) (ICNF, 2022117).

Ecological restoration

Ecological restoration measures aim to rehabilitate landscapes, natural resources and ecosystems by
restoring natural biophysical processes. They can include the reforestation of burned areas, the restoration
of native habitats, the treatment of invasive species, and the removal of dead biomass (Valderrama,
Contreras-Reyes and Carrasco, 2018y11g]). By intervening on fuel types, conditions and continuity, these
interventions can significantly affect long-term landscape resilience to wildfire risk — as proven by the recent
restoration of native cork oak belts in Algarve, Portugal, which contributed to reducing landscape
flammability and protecting ecosystem structure and functioning (UNEP, 2022;119). In the United States,
efforts are also in place to support tree cover restoration capacity (e.g. through the Emergency Forest
Restoration Program as well as seed collection and nurseries) in the aftermath of extreme wildfires (OECD,
forthcomingss;; Government of the United States, 2022/7s)).

The extent to which post-fire recovery efforts are needed varies significantly. Fire-adapted ecosystems
usually recover naturally following a wildfire. Yet, the growing occurrence of extreme wildfires, and most
notably the outbreak of wildfires in non-fire-adapted ecosystems, hampers ecosystems’ natural recovery
capacity, in extreme cases leading to vegetation cover shifts (Turner et al., 2019120;; Stevens-Rumann
et al., 2018121]) (see Chapter 2). Thus, human intervention can often help nudge the recovery process (e.g.
planting trees or treating the soil) or protect ecosystems during the delicate recovery phase (e.g. against
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overgrazing, invasive species and deforestation) (UNEP, 2021se;; Muller, Vila-Vilardell and Vacik, 2020(12)).
Countries such as Australia, Costa Rica and Greece have taken steps to enhance their understanding and
management of post-fire ecosystem recovery needs. In Australia, after the 2019-20 extreme wildfire
season, an expert panel was set up to assess wildfire impacts on native species and how to support their
recovery (OECD, forthcoming11;). After the Evia extreme wildfire in 2021, Greece took steps forward in this
direction by developing the Greek Biodiversity Restoration Hub, which sets a framework for improving
ecosystem recovery in burned areas through expert support, enhanced monitoring and co-ordination
(OECD, forthcomingys1; Biodiversity Recovery Hub, 2022122]). After each wildfire, Costa Rica develops a
plan for ecosystem restoration, considering both passive and active recovery options based on
assessments of local ecological dynamics and conditions.

The lack of information, capacity and resources can hamper effective landscape recovery after a wildfire,
often leaving ecological recovery unmanaged and unmonitored (OECD, forthcomings1j; forthcomingzg).
This is particularly challenging on private lands, as site rehabilitation usually falls under the responsibility
of the relevant landowner (Box 3.2) (OECD, forthcomingiss). The lack of careful assessments of ecosystem
recovery ability and needs can also lead to poorly adapted interventions as well as to failures to preserve
ecologically functional levels of fire activity, which risks increasing wildfire risk in the long run (Schumann
et al.,, 2020p111]). Besides, in some areas, opportunistic post-fire land grabbing poses another major
challenge to effective and fire-resilient post-fire restoration (WWF, 2020;123)).

Asset recovery and reconstruction

Post-fire interventions also include measures focused on the recovery and reconstruction of damaged or
lost assets and settlements. The reconstruction phase offers an opportunity to rethink and redesign the
interface between human settlements and wildfire activity and to build back better, e.g. using zoning tools,
fuel breaks, or building codes and standards (see Section 3.2.2). For example, in the aftermath of the
extreme Camp Fire in 2018, the municipality of Paradise, United States, bought the properties located near
the perimeter of the fire to turn them into fire-resilient green spaces that can act as fire breaks in the
occurrence of a new wildfire (Brasuell, 202130)).

Major gaps remain in the development of more resilient built landscapes in the post-fire phase. Indeed,
under pressure to “quickly return to normal” after a wildfire, fire-resilient land-use and building regulations
often fail to be considered. For instance, in Colorado, United States, post-fire recovery efforts after the
2010 and 2012 wildfires were found to not have improved resilience to wildfires (Mockrin et al., 2016124)).
While some property owners improved building conditions and enhanced vegetation management around
their properties to reduce future wildfire risk, local governments were not found to have substantially
revised building and land-use standards (Mockrin et al., 2016[1241). In some cases, failure to build back
better is linked to difficulties in enforcing wildfire policies at the local level (Hui et al., 2021(125)). For example,
in the aftermath of the extreme Mati wildfire in Greece, local groups opposed the widening of the local
street network, even though the narrow streets and absent escape routes in the WUI contributed to the
high death toll (Triantis, 2022s)). Finally, when settlement relocation is identified as the best policy option
available, the socio-economic implications of such decisions also pose major challenges to their uptake.
Evidence from the 2005 wildfires in the Eyre Peninsula, Australia, indicates that besides the traumatic
experience of experiencing a wildfire, post-fire relocation was found to further increase the likelihood of
post-traumatic stress disorder in survivors (Watts et al., 202312¢)).

3.2.4. Informing wildfire prevention: The role of wildfire risk assessment

Wildfire hazard assessment and risk information provide the foundation for all wildfire risk prevention and
preparedness decisions. By providing estimates on the spatial and temporal occurrence of wildfires, risk
assessments provide the critical evidence base to inform long-term risk prevention measures and
interventions in the aftermath of a wildfire (Scott, Thompson and Calkin, 2013[127;; UNISDR, 2017[125}). For
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example, risk assessments can inform decisions on where and how to build new assets or develop certain
activities (UNISDR, 2017[12g]). Wildfire risk assessments consist in the identification and estimation of
current and future wildfire risk by assessing potential hazard and the existing exposures and vulnerabilities
that combined could generate negative impacts on people, property, services, the environment and the
economy (Table 3.1) (IPCC, 202212¢;; UNISDR, 2017[128;; OECD, 2017[130}).

Table 3.1. The three steps in wildfire risk assessment

Step What is assessed How it is assessed
Hazard Potential for harmful wildfire occurrence Gather, model and map information on fuel loads, continuity and conditions
assessment and behaviour (e.g. likelihood, frequency,  (e.g. moisture); atmospheric conditions (temperature, drought, precipitation, wind,

magnitude, spread, duration and intensity) ' lightning); topography; causes of ignition; assess linked hazards and potential
cascading impacts

Exposure Presence of people, ecological, Combine information on wildfire hazard with the spatial location of people and

assessment socio-economic assets and ecological valued resources, activities and assets (e.g. housing, infrastructure, production
systems in or close to wildfire-prone areas = capacities)

Vulnerability The characteristics of people, Susceptibility and fragility of people, ecological and socio-economic assets;

assessment communities, ecosystems, assets and capacity of humans, physical assets, and socio-economic and environmental
systems that make them prone to be systems to cope with and recover from wildfire events

adversely affected by wildfires

Source: Based on JRC (2022(1317) and UNISDR (2017 12g)).

Wildfire hazard modelling is the first step in wildfire risk assessment. Wildfire hazard modelling allows
estimating future wildfire occurrence (i.e. likelihood and frequency) and behaviour (i.e. the way wildfires
ignite and spread) (Mdller, Vila-Vilardell and Vacik, 202012;) based on a wide array of geophysical
information including, for example, data on vegetation cover, landscape characteristics (e.g. slope,
elevation), climate and weather patterns, as well as historical wildfire and weather records (Scott,
Thompson and Calkin, 2013127;; UNISDR, 2017112¢1). In some cases, wildfire models also build on existing
simulations of vegetation cover change and fire-atmospheric and fire-vegetation feedback interactions. All
this information can be represented spatially in the form of wildfire hazard maps, which represent a key
tool for grasping and communicating the spatial distribution of wildfire hazard to relevant stakeholders.

Countries widely use wildfire hazard modelling and mapping, and recent technological and scientific
developments have allowed major advancements in this domain. In Austria, the current hazard models
combine information on vegetation cover, topography and potential wildfire drivers (Miller, Vila-Vilardell
and Vacik, 202012;). In the United States, the accuracy of existing models on wildfire occurrence and
spread, fire-atmospheric feedbacks, as well as smoke spread, soil heating and moisture evaporation during
a wildfire has significantly improved (USDA, n.d.i132;; USGS, 2020(133}; NIST, 2021(1341). Building on wildfire
hazard models, countries such as Portugal and the United States have developed national and subnational
wildfire hazard maps that classify the territory by hazard level (USDA, n.a.;i3s5; DGT, n.a.j136;; OECD,
forthcomingyss)). In Portugal, in addition to the national hazard map, each municipality is also required to
have a wildfire hazard map that is updated every ten years (OECD, forthcomingiz2g). In Slovenia, hazard
assessments are carried out at the regional level based on the methodology prescribed by the national
government (Muller, Vila-Vilardell and Vacik, 2020;12;). Despite significant improvements, some challenges
remain. Persisting gaps in data availability and quality (e.g. on fuel cover) and knowledge gaps on the
complex interactions of different wildfire drivers (e.g. fire-vegetation and fire-weather feedback), along with
limitations in the wildfire models’ predictive capacity, limit the comprehensiveness of existing projections
(OECD, forthcomingpee); forthcomings1). Furthermore, increasingly sophisticated hazard models also
require high-resolution, up-to-date spatial information (e.g. on available fuel and weather conditions), which
can be very resource intensive.
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Wildfire hazard assessments need to be integrated with spatial information on the exposure and
vulnerability of human and ecological systems (Scott, Thompson and Calkin, 2013127]). Yet, in most cases,
the integration of socio-economic information into wildfire risk assessments remains a challenge due to
the persisting gaps in the availability of data on wildfire exposure and the unavailability of impact
assessments to estimate the vulnerability of people and assets (Jacome Felix Oom et al., 2022131)).
Wildfire risk maps exist at the national level, as well as in some states, in the United States (FEMA, n.d.[137;
Oregon Department of Forestry and US Forest Service, n.d.[13g)). In Italy, some efforts have been made at
the regional level to integrate data on the exposure of people and assets with hazard maps (Muller, Vila-
Vilardell and Vacik, 202012;). However, in most countries, risk maps are currently not available (OECD,
forthcomings1; forthcomingii1;; forthcomingpee)). Some good practices have emerged to address these
challenges. In Portugal, efforts are underway to develop a nationwide wildfire risk map, as the absence of
such tool was identified as a key challenge to effective wildfire management (OECD, forthcomingzg)). In
Greece, the region of Attica has carried out a comprehensive wildfire risk assessment considering hazard,
vulnerability and exposure in selected high-risk areas, with projections available at the neighbourhood level
(OECD, forthcomingsj).

To effectively assess wildfire risk, it is important to account for the effects of climate change on the weather,
fuel and ignition patterns that determine wildfire risk (UNISDR, 201722;). Climate change has already
altered atmospheric temperatures, precipitation, lightning and wind patterns, the occurrence of heat and
drought extremes, and changes in vegetation cover. These changes are projected to continue under future
climate change, further affecting fire weather, fuel conditions and ignition likelihood (see Chapter 2).
Hence, considering the impacts of future climate change in wildfire hazard models is critical (Vilar et al.,
20211139); IPCC, 2020p1407). Yet, climate change projections often fail to be integrated into wildfire models
and broader risk assessment efforts. For example, while wildfire risk projections exist in Portugal, they are
not integrated into existing risk assessment and planning processes. The Portuguese Environment Agency
is currently working on updating the downscaled projections of climate-induced wildfire risk and providing
guidance on how to best integrate them into risk maps and other planning instruments in the National
Roadmap for Adaptation 2100 (OECD, forthcomingze;). Overall, while research on how different climate
scenarios affect fire weather indices in southern Europe has significantly advanced (Camia, Liberta and
San Miguel Ayanz, 2017141)), further efforts are needed to better reflect emerging scientific insights on the
links between climate change and future wildfire activity in wildfire risk assessments.

In addition to the limited consideration of climate change impacts on wildfire activity, other challenges in
wildfire risk assessment remain. Limitations in the availability and quality of historical wildfire records,
including inconsistencies within and across datasets, can hamper the predictive capacity of wildfire models
(Filkov, Duff and Penman, 2018142; Artés et al., 2019143]; Hincks et al., 2013[1447). Modelling and mapping
wildfire risk at the subnational level also remains a challenge, as it requires disaggregated data as well as
appropriately downscaled models — two elements that often lack (Loureiro and Barreal, 2015145). In
countries where wildfire risk assessment is undertaken at the subnational level, such as ltaly, the lack of a
national standardised risk assessment methodology also poses consistency challenges (Muller, Vila-
Vilardell and Vacik, 202012;). Furthermore, while more advanced models have emerged that allow
accounting for changing conditions in wildfire projections, these are not yet widespread in public
administrations (Box 3.4) (Miiller, Vila-Vilardell and Vacik, 202012;). Finally, while improving scientific and
technical knowledge and data availability have increased model accuracy, a level of uncertainty on existing
projections remains (Scott, Thompson and Calkin, 2013127;; PreventionWeb, n.d.j146)).
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Box 3.4. Adapting wildfire hazard modelling in the context of climate change

Data on past wildfire events are key to informing and refining wildfire hazard models, as they allow to
understand wildfire trends and characteristics over time in specific areas (Hincks et al., 2013[144)).
Today, several countries and organisations regularly record information on past wildfire events, some
of which is publicly available (Table 3.2).

Table 3.2. Examples of databases and portals on past wildfire events

Wildfire database Geographical Type of information

coverage
European Forest Fire 40+ European, Number of fires, burned area, maps, satellite information, historical information on
Information System Middle East and meteorological conditions and fire danger for individual countries, long-term weather
(EFFIS) North African countries  forecasts. Data on individual fires and reports after each fire season at the country level.
United States United States Area burned, ignition dates, fire causes for wildfires that occurred between 1878 and
Geological Survey 2019.
(USGS) database
Swissfire Switzerland Fire outbreak, vegetation, fire causes, burned area, fire type, firefighting efforts, weather

data, land use, population density.

Fire Climate Change ~ Global Burned area, wildfire impacts (e.g. air quality, carbon emissions) from 1982 onwards.
Initiative
Global Wildfire Global Brings together existing information sources at national and regional levels, information
Information System on fire regimes.
Global Fire Global Satellite information on fire activity, vegetation productivity, monthly burned area, fire
Emissions Dataset emissions.

In the context of current climate and land-use changes, past wildfire trends do not necessarily reflect
future wildfire activity (Hincks et al., 20131441). Hence, past data alone are not sufficient to effectively
assess future wildfire risk (PreventionWeb, n.d.146)). To address these limitations, new wildfire hazard
models have emerged that integrate historical wildfire records with other possible simulated events that
have not occurred but could potentially occur based on the theoretical and empirical knowledge at hand.
By doing so, these models (known as probabilistic models) allow accounting for changing conditions,
overcoming the limitations of projections that solely rely on historical records, and eventually delivering
a more comprehensive picture of all potential future wildfire events. The results of these probabilistic
models are provided through different scenarios — each associated with an estimated likelihood of
occurrence (PreventionWeb, n.d.[146)).

Sources: EEA (2021p147); EFFIS (n.d.107); ESA (202111487); GFED (n.d.p1a9)); GWIS (n.d.p150); PreventionWeb (n.d.146); SwissFire (n.d.ps1);
Welty and Jeffries (2020p152); Hincks et al. (2013(144)).

3.2.5. Building resilience to wildfires by raising awareness

A good understanding and perception of risk levels and potential exposures are essential to enable all
stakeholders to take appropriate risk reduction measures to reduce or prevent their own risk and the risks
that their activities could generate for others (OECD, 2016}1s3;; Wilson, McCaffrey and Toman, 2017154)).
Awareness-raising efforts can take many forms, including sharing risk information in ways that are easily
accessible, developing education and training programmes, and sharing knowledge and information on
good practices to reduce risk (OECD, 2016(1s3)).
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Risk communication and awareness-raising activities for wildfire risk have mostly been spearheaded by
civil protection agencies, fire services, meteorological institutes and local governments (OECD,
forthcomings1); forthcomingyss); forthcomingpzg)). Particularly extreme wildfires in recent years have raised
policy makers’ awareness of the existing gaps in wildfire risk communication. As a result, several large-
scale risk communication campaigns have been launched (Table 3.3). Portugal's Safe Village Safe People
programme promotes awareness of good behaviours to reduce and prepare for wildfire risk in rural areas.
In the United States, the Colorado Wildfire Risk Public Viewer portal provides easily accessible information
for landowners on the wildfire risk their properties are subject to (Colorado State Forest Service, n.d.j1ss)).
Education programmes in schools and communities have also been developed to scale up wildfire risk
awareness. For instance, local schools in Jamaica have partnered with the national Fire Brigade to raise
school children’s awareness of wildfire risk (FEMA, 2010;15¢)).

Table 3.3. Examples of existing awareness campaigns

Initiative Country Description

Firewise United Informs individuals, particularly homeowners, about wildfire risk, suggests steps to reduce wildfire risk
States for properties and communities, e.g. via media channels, education tools and an information website

Portugal is Calling = Portugal Informs private and public stakeholders on appropriate behaviour to prevent wildfires and what to do in
(Portugal Chama) the event of a wildfire, e.g. via billboard campaigns and media messages
Safe Village Safe Portugal Promotes good practices to reduce (and prepare for) wildfire risk in fire-prone areas, targeted
People (Aldeia particularly at local communities in rural and wildland-urban interface areas, e.g. via information posters
Segura Pessoas and videos on self-protection measures, training programmes and information events
Seguras)
FIRELIFE Hungary Raises awareness of wildfire risk among the public (e.g. using poster and billboard campaigns and

education activities in schools) and trains professionals (e.g. farmers, foresters, firefighters) on how to
reduce wildfire risk

Sources: National Fire Protection Association (2021p157)); Portugal Chama (n.d.15s1); AGIF (n.d.[159]); ANEPC (2018160); European Commission
(2019p161).

To enhance the reach and inclusiveness of awareness-raising efforts, programmes and campaigns are
increasingly well-targeted to specific audiences. Providing information in multiple languages has helped
raise awareness in highly touristic areas as well as in areas characterised by a multilingual population. As
perceived gender roles were also found to influence risk perception, Australia developed its Gender and
Emergency Management Guidelines, which promote the use of gender-specific messaging in risk
communication (Australian Government, 2016162;; OECD, forthcomingi11;). However, further efforts are
needed to raise public awareness of wildfire risk and stimulate the uptake of risk prevention measures by
private stakeholders (Ganteaume et al., 2021163]). This is particularly challenging as risk perception and
engrained behaviours that can influence risk levels are difficult to shift.

3.3. Financing wildfire risk prevention

3.3.1. Public funding for wildfire management: The need for a paradigm shift

In light of the growing wildfire risk, securing sufficient and stable funding for wildfire management is critical
to build long-term resilience. To date, a large share of the funding for wildfire risk management comes from
public budgets (Swiss Re, 201519)). While funding structures vary significantly across countries, funding
for wildfire management is typically provided through a combination of local, state and national
governments and agencies. For example, in the United States, the bulk of funding for wildfire management
is provided by the Forest Service and the Department of the Interior and complemented by state and local
budgets (OECD, forthcomingjss;; Congressional Research Service, 2021164)).
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Deciding on wildfire risk financing entails making important trade-offs. The disruptions caused by extreme
wildfires have an impact on individual households, businesses and the public sector alike. Hence, all actors
have to decide to which degree and how they will invest in reducing risk exposure and to which extent they
choose (or are obliged to, given budget constraints) to retain risk. Governments usually face three
challenges when designing their wildfire risk financing strategies. The first entails determining the overall
amount of resources to be allocated to wildfire risk management and the level of risk they choose to retain.
The second consists in choosing how to finance risk management. Indeed, governments have several
instruments at their disposal, each of which entails different distributional effects. Finally, a third challenge
lies in leveraging the participation of the private sector and individual households in financing resilience
measures or investing in risk transfer arrangements, to avoid governments from having to shoulder the
entire burden of disruptive shocks. Collaboration with other countries can also contribute to jointly financing
risks (Figure 3.5) (OECD, 2014165)).

Figure 3.5. A risk financing strategy mix involving public and private funding and international
collaboration

e Exante: risk reduction measures,
risk transfer measures

e Expost: recovery and rehabilitation
financing through budget

reallocation or revenue raising

Public
financing

Total flnancmg Private ¢ Private ex ante and ex post

sector and investments
household * Risk transfer mechanisms (insurance)
financing ¢ Public-private partnerships

Deciding on total amount of
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acceptable levels of risk

Creation of joint reserve funds
* Creation of joint contingent liability
funding

International
collaboration

Source: Adapted from OECD (2014y165)).

In response to growing wildfire occurrence and severity, many countries have scaled up existing funding
for wildfire management. In the United States, the federal government nearly doubled its annual budget
for wildfire management between 2011 and 2020, which reached about USD 6 billion in 2020
(Congressional Research Service, 2020p166)). Portugal has also significantly increased public funding for
wildfire management, which grew by 120% between 2017 and 2021 (from EUR 143 million to
EUR 316 million) (OECD, forthcomingjz9)). In most cases, the increase in wildfire management funds has
been financed by budget reallocations. In Australia, a large share of the funding is generated through
insurance premiums. For instance, in New South Wales, a tax on insurance premiums provides almost
three-quarters of the state’s Fire and Rescue service, with the remainder funded by the federal, state and
local governments (OECD, forthcomingi11)). Property taxes are used for similar purposes in the state of
Victoria (Swiss Re, 201519)). Many governments also use emergency mechanisms such as contingency
and reserve funds, i.e. public funds that allow governments to address exceptional emergency response
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costs, to fund wildfire management. The Federal Emergency Management Agency’s Disaster Relief Fund
in the United States and Australia’s National Disaster Relief and Recovery Arrangements have allowed
financing emergency response and recovery efforts, as well as providing assistance to households and
businesses affected by wildfires (Richards, 2018167;; OECD, 2015p168)) (OECD, 2015p16g]). International
co-operation has also contributed to scaling up funds and capacity for wildfire prevention (Box 3.5), as well
as for emergency response and recovery.

Box 3.5. Scaling up wildfire risk prevention through international co-operation

International co-operation can help ease the burden of wildfire management on individual countries’
public expenditures. Successful bilateral agreements and partnerships to enhance wildfire prevention
are in place between Canada and the United States as well as between Australia and New Zealand,
e.g. through the Wildland Fire Management Canada-United States Program, the Trans-Tasman Fire
and Emergency Management Forum, and the Australia-New Zealand Fire and Emergency Services
Authorities Council. Besides, several international agreements and efforts have emerged to enhance
cross-border and mutual support in wildfire risk assessment, fuel management, fire monitoring and
capacity building. In Europe, the European Regional Development Fund provides funding for rural
development projects, including fuel management activities. The European Union’s Horizon 2020
programme provides funding for research and innovation in fuel management and other activities. In
addition, the European Union has also provided funding for disaster recovery after extreme wildfire
events, for example via the EU Solidarity Fund (European Commission, n.a.ieq)). The EU Civil
Protection Mechanism also contributes to strengthening wildfire prevention by facilitating co-operation
across EU member states and eight other participating countries (European Civil Protection and
Humanitarian Aid Operations, 2022(g).

Sources: European Commission (n.a.[see)); OECD (forthcomingyssj; forthcomings1j; forthcomingjs); forthcomingpzg)); European Civil Protection
and Humanitarian Aid Operations (2022)).

While a strong recognition of the need to invest in wildfire risk prevention has emerged across countries,
the increase in available funding to date has mostly been used to strengthen emergency response
capacity. In many wildfire-prone countries, institutional frameworks and incentives remain heavily tilted
towards emergency response and countries struggle to promote more prevention-oriented strategies
(Drapalyuk etal.,, 2019p170;; OECD, forthcomingiss;; forthcomingpg; forthcomings1; forthcomingiiig).
Consequently, spending for wildfire suppression remains up to six times higher than the funds allocated
for prevention (Figure 3.6). This structural funding imbalance has only been exacerbated by frequent “fire
borrowing”, i.e. the practice of diverting funds earmarked for wildfire prevention to fund emergency
response and recovery. This practice, along with persisting budget constraints, has reduced the funds
available for wildfire prevention measures, leading to a decline in the availability of resources for wildfire
prevention and thus further exacerbating the gap between prevention and suppression funding
(North et al., 2015p171)). For instance, due to a combination of budget constraints and reallocations, the
funding allocated to the Greek Forest Service — the main entity responsible for wildfire prevention — shrunk
by nearly 30% between 2010 and 2017, from EUR 116 million to EUR 83 million (GFMC, 2019172;; OECD,
forthcomings1)). The growing costs of wildfire suppression in the context of climate and land-use changes
further exacerbate this funding gap, raising concerns about the sustainability of public funding practices
going forward (Saha et al., 2021(173)).
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Figure 3.6. Public investments in prevention and suppression in France, Greece and Spain
EUR per forest hectare
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Notes: Data retrieved from WWF (2019(174)). Information on Spain is based on data from the Spanish Official School of Forestry Engineers and
refers to the period 2008-17. It includes state and regional investment, as regional governments share competences in forest management.
Information on France is based on data from the National Institute of Geographic and Forest Information and refers to the period 2009-18.
Information on Greece is based on WWF estimations.

Source: Based on WWF (2019174)).

Following particularly extreme wildfires in recent years, some governments have started to increase
resources for wildfire prevention. In the aftermath of the 2017 wildfires, Portugal significantly boosted public
funding available for wildfire prevention (Council of Ministers, Portugal, 2020;175)), bringing prevention and
suppression funding to near parity. While in 2017 only 20% of wildfire management funding was allocated
to prevention, by 2021 it received 46% of public funds from a greater overall budget (AGIF, 202117¢};
OECD, forthcomingpg) (Figure 3.7). In 2022, the United States also scaled up its efforts on fuel
management and prescribed fires as part of forest and landscape health management, with USD 5 billion
dedicated to such measures (OECD, forthcomingiss)). Funding for wildfire prevention also increased in
Greece in 2022, thanks to support from the EU Recovery and Resilience Facility, in addition to national
funding efforts. As a result, EUR 72 million were allocated for the AntiNero wildfire prevention programme
(Ministry of Environment and Energy, Greece, 2022177;; OECD, forthcomings1). To enhance subnational
governments’ revenue streams to support wildfire prevention, the government of California, United States,
has established a fee on properties located on state land, which is used to fund wildfire prevention in WUI
areas. The government of Colorado, United States, provides application-based grants to local
governments to support wildfire prevention. In 2023, these grants amounted to USD 9.5 million (Colorado
State Forest Service, 2023}17g)).
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Figure 3.7. The shifting focus from suppression to prevention in national public funding in
Portugal, 2017-21
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Source: Based on AGIF (2021(17g)).

3.3.2. The role of insurance coverage for wildfire risk

Insurance coverage for wildfire risk is important to strengthen the financial protection of private
stakeholders and reduce the liability for governments that compensate for losses and damages. Insurance
coverage for wildfire risk can also encourage individual wildfire risk prevention investments (OECD,
2021p179)). For example, premiums can be adjusted to reflect individual risk reduction needs, discouraging
development in fire-prone lands and encouraging fire-proof development (von Peter et al., 2012p150;; Kelly
et al., 2017p181)). In the United States, some insurance providers give a 5% discount on insurance premiums
to homeowners that undertake certain wildfire prevention measures (Galbraith, 20171s2;). In California, the
“Safer from Wildfires” programme legally mandates insurance providers to provide discounts on insurance
premiums for insured individuals that undertake wildfire prevention efforts (California Department of
Insurance, n.d.;1s3). In some cases, insurance schemes can even require preventive measures to be
adopted in order to be eligible for insurance coverage (Galbraith, 20171s2; Chirouze et al., 2021(1s4)).

The extent to which insurance coverage for wildfire risk exists varies significantly across and within
countries. While in some countries, such as Greece, insurance coverage for wildfire risk is part of basic
property insurance coverage (OECD, forthcominggs1j), in others it remains largely unavailable in many parts
of the country (OECD, forthcomingpze)). Overall, the share of wildfire losses that are insured remains
relatively low across OECD countries (OECD, 2021179)). In Greece, only around 15% of dwellings and
230 000 commercial properties have insurance coverage against wildfires (World Bank, 20211s51), and
only 9% of all wildfire losses in the country were covered by insurance between 1990 and 2019 (OECD,
2021179)). Similarly, in Portugal, the share of wildfire losses covered by insurance was around 10% in 2021
(OECD, 20211179)).

In some cases, the low uptake of insurance coverage for wildfire risk is also linked to the low levels of
insurance availability or affordability. Increasingly extreme wildfires have posed a challenge to insurance
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companies’ financial sustainability in some particularly fire-prone areas, leading them to pull back from the
market (Golnaraghi, 2018[1se]). For example, after the 2018 Camp Fire in California, insurance companies’
refusal to renew insurance coverage for high-risk properties left over 340 000 properties uninsured (Moss
and Burkett, 2020p1s77). In other cases, growing wildfire risk has translated into unaffordable insurance
premiums (California Department of Insurance, 202118s)). The lack of affordable insurance schemes
represents a major challenge to wildfire risk reduction in Portugal (OECD, forthcomingpz2q)) and the United
States. In California, in some cases, insurance premiums rose by up to 500% after the 2018 wildfires
compared to pre-fire levels (Moss and Burkett, 2020;1s7)).

Furthermore, underinsurance (i.e. a situation where the maximum pay-out provided by an insurance
company is insufficient to cover the full costs induced by a wildfire) also remains a key challenge (GIO,
2022189)). In Australia, the high levels of underinsurance resulted in significant financial losses for the
individuals and communities affected by the extreme wildfires of 2003, 2009 and 2019-20 (Cox, n.d.f1907).
For instance, the average claim for properties that were destroyed by the 2009 wildfires in the state of
Victoria amounted to approximately half of the actual cost of rebuilding a house (Commonwealth of
Australia, 2011p191)).

To address these challenges, some governments have developed legislation that mandates or encourages
the uptake of insurance coverage against wildfires. For example, California has recently issued a
mandatory one-year moratorium on the non-renewal of insurance in communities affected by wildfire
(United Policyholders, 2022192)). Yet, to date, wildfire insurance is rarely mandated by law (Swiss Re,
2015p19)).

Some governments have stepped in to address insurance viability issues for insurers in an attempt to
safeguard existing wildfire insurance markets. Some Australian states have removed existing levies on
insurance premiums to help contain their cost (Commonwealth of Australia, 2011191;; Swiss Re, 2015p19)).
France has set up the CatNat public-private insurance scheme to help contain insurance premiums on
risks otherwise considered “uninsurable”. Funding for the scheme is provided from a state-fixed rate that
is added on top of all property and motor vehicle insurance, which are mandatory in France. In addition,
the state provides a guarantee to back insurance providers in case of an extreme event (OECD/The World
Bank, 2019193]). Several states in the United States have set up a Fair Access to Insurance Requirements
(FAIR) plan to provide insurance coverage to property owners unable to obtain insurance through the
private market. In California, the FAIR plan offers broader coverage, as particularly high levels of wildfire
risk have pushed a greater number of people out of the private insurance market (The California FAIR
Plan, 2022194;; OECD, forthcomingiss)). The scheme was initiated by the state, but no public money is
involved; its operations are controlled and funded by insurance companies (The California FAIR Plan,
202211941). In Zambia, the collaboration between insurance institutions and the national bank has made
possible the emergence of affordable insurance to protect private enterprises against wildfires and other
climate hazards (Inclusivity Solutions, 2020195, Swiss Re, 2015}19)).

3.4. Towards an integrated approach to wildfire risk prevention

To enable the development and implementation of risk prevention measures throughout the policy cycle,
appropriate institutional and policy arrangements are necessary. Well-designed policy and institutional
frameworks enable the integration of wildfire risk prevention across all sectors and levels of government,
determining a conducive environment for preventative and adaptive measures. Following particularly
extreme wildfires, countries have started acknowledging the importance of adopting a whole-of-
government approach in wildfire management, i.e. a collaborative approach that addresses the complex
challenge of managing wildfire risk by aligning and co-ordinating the institutional interventions of wildfire
management horizontally and vertically across government (McWethy et al., 2019196). This has occurred
through reforms in both institutional and policy frameworks.
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3.4.1. The institutional framework

Wildfire management usually falls under the responsibility of several actors (Table 3.4). In most countries,
roles and responsibilities for wildfire management are shared between the national, state, regional and
local levels.

Table 3.4. Entities responsible for wildfire management at the national level

Wildfire management role Responsible entities
Wildfire risk assessment Government research institutes, meteorological services, academia
Wildfire risk awareness Ministries of Environment, civil protection agencies, meteorological services
Fuel and ecosystem management Ministries of Environment, Ministries of Agriculture, and their subordinate agencies
Land-use planning and building regulations Ministries of Infrastructure, Ministries of Interior, Ministries of Environment, land-use agencies
Emergency preparedness and response Emergency management: Civil protection agencies, fire services. In some countries, forest

services are also responsible for wildfire suppression
Monitoring and early warning: Government research institutes, meteorological services
Post-fire recovery Ecological recovery: Ministries of Environment and their relevant agencies

Socio-economic recovery and reconstruction: Ministries of Infrastructure, Ministry of the
Interior

This complex distribution of tasks and responsibilities highlights the importance of having clear roles and
straightforward communication and collaboration channels across the different agencies involved in wildfire
management. However, recent extreme wildfires have shed light on the faults of institutional frameworks
for wildfire management. A number of independent expert committee reports after the 2017 extreme
wildfires in Portugal and the 2018 Mati wildfire in Greece highlighted how unclear roles and institutional
overlaps and the lack of collaboration among wildfire management agencies contributed to the devastating
impacts of these wildfires (OECD, forthcomingz1;; forthcomingpg)). For example, in Greece, until recent
reforms, there was no institutional collaboration mechanism between the Forest Service — the main entity
responsible for wildfire prevention and the preparation of forest maps, which are key tools in wildfire
suppression — and the Fire Service — the main entity responsible for wildfire suppression —, hampering a
co-ordinated approach to wildfire management (OECD, forthcomingjs1)).

To address the gaps and challenges unveiled by recent extreme wildfires, and with a view to enhancing
integrated wildfire management, some countries have developed agencies and mechanisms to promote
policy alignment and collaboration, co-ordination, and knowledge exchange across all relevant
stakeholders.

Progress has been made in improving horizontal and vertical co-ordination between the public authorities
involved in wildfire management thanks to the development of independent national agencies that oversee
and co-ordinate wildfire policy across organisations and levels of government. For example, in the
aftermath of the extreme 2017 wildfires, Portugal established the Agency for the Integrated Management
of Rural Fires, a cross-governmental body under the authority of the Prime Minister that promotes
collaboration, capacity and co-ordination by bringing together relevant agencies and stakeholders through
cross-governmental committees and lessons learnt processes (Presidency of the Council of Ministers,
Portugal, 202133;; OECD, forthcomingjze;). Similarly, in the United States, the creation of inter-agency task
forces, such as the National Interagency Fire Center, has helped co-ordinate wildfire management efforts
across states and federal agencies. In Spain, a similar system was set up to enhance co-ordination across
levels of government. Costa Rica’s National Commission on Forest Fires also aims to facilitate cross-
agency co-operation, bringing together all relevant ministries and agencies. In Greece, a recent institutional
reform integrated climate change adaptation and civil protection portfolios under the new Ministry of
Climate Crisis and Civil Protection in an effort to enhance synergies across the policy cycle (OECD,
forthcomings1). In South Africa, the Working on Fire programme has given rise to co-ordination
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mechanisms involving provincial wildfire protection associations and their local counterparts (UNEP,
202211971). In most cases, these mechanisms have proven essential to enhancing dialogue, exchange and
co-ordination across public and private stakeholders, eventually reducing wildfire risk (Iseman and
Miralles-Wilhelm, 202119g)).

In parallel, a key step to facilitating cross-government collaboration has involved clarifying roles,
responsibilities and cross-agency collaboration mechanisms. Some countries have developed detailed
process chains to clarify roles and responsibilities throughout the wildfire management cycle, establishing
clear lines of communication, developing standard operating procedures and protocols, and formalising
co-operation across actors. For example, in Portugal, the creation of the National Plan for Integrated
Wildland Fire Management’s process chain established a clear framework for action, with key roles
associated with key wildfire management steps (AGIF and IRFMS, 2020199); OECD, forthcomingzg).
Similarly, in Greece, the collaboration between the Forest Service and the Fire Service has also improved
following a joint ministerial decision and law establishing a clear framework for collaboration (Hellenic
Parliament, 2019200); OECD, forthcomings1); Hellenic Parliament, 2020201}). Yet, despite emerging good
practices, significant challenges remain in implementing an integrated approach to wildfire management,
as cross-agency exchange and co-ordination remain low and fragmented in many countries. The growing
risk of extreme wildfires only exacerbates these challenges, making it increasingly urgent to address them.

3.4.2. The policy framework

As wildfires cut across sectors and administrative boundaries, effective wildfire risk reduction requires the
integration of wildfire risk prevention across the policy framework (Table 3.4). To enable this, some
countries have developed national wildfire management strategies and plans that provide an overarching
framework for the management of wildfire risk across the national territory, by promoting co-ordination and
synergies across policies adopted at different levels of government. For example, in the United States, the
National Cohesive Wildland Fire Management Strategy provides guidance for relevant federal agencies
on both wildfire prevention and suppression measures, promoting a science-based approach to wildfire
management (US Department of the Interior et al., 2001202]). The strategy emphasises the ecological role
of fire, setting out how to avoid overreliance on fire suppression and “fire exclusion” approaches, and
facilitates interagency collaboration for integrated wildfire management. Similarly, in 2014, Australia
released the National Bushfire Management: Policy Statement for Forests and Rangelands to guide
wildfire risk prevention, response and recovery throughout the whole country (Forest Fire Management
Group, 2014p03). Portugal also recently released a National Plan for Integrated Wildland Fire
Management, which establishes national policy objectives on wildfire prevention and includes a detailed
process chain that clarifies procedures, roles and responsibilities throughout the wildfire management
cycle (AGIF, 2020p204; OECD, forthcomingpg). In Costa Rica, the National Programme for Integrated
Wildfire Management (Programa Nacional de Manejo del Fuego) plays a critical role in the design and
implementation of co-ordinated wildfire policies across sectors. Similar efforts are also in place in Lebanon,
through its National Strategy for Forest Fire Management, and Morocco, which has a Prevention and Fight
against Forest Fires Master Plan (Asmar et al., 2008205}; Ministry Delegate of the Minister of Energy, Mines,
Water and Environment, Morocco, 2014206). Despite these emerging examples, and despite growing
wildfire risk in the context of climate change in many regions of the world, most countries continue to lack
overarching wildfire management strategies. In many countries, such as Italy, wildfire prevention plans
only exist at the subnational level (Miiller, Vila-Vilardell and Vacik, 2020;12)).

The degree to which wildfire risk prevention efforts are integrated across all relevant government agencies
can be seen in its integration into sectoral policies. Countries have mainstreamed wildfire prevention
considerations into sectoral policies and strategies. Recognising the role of the forestry sector in building
resilience and adapting to changing wildfire risk through forest management, countries such as Greece,
Portugal and the United States have included wildfire prevention measures in forestry strategies. In
Portugal, the forest strategy encourages the active management of forests to reduce wildfire risk via fuel
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management and highlights climate change adaptation as a key priority to tackle extreme wildfire risk
(OECD, forthcomingpe; APA, 20203; Council of Ministers, Portugal, 2015207). In Greece, the forest
strategy also calls for improved fuel management and the implementation of forest fire prevention plans to
strengthen wildfire risk reduction (OECD, forthcominggs1;). A similar forest management approach is already
in place in the United States, which has developed forest adaptation strategies for all its federal forests,
with a focus on landscape management and capacity (Global Center on Adaptation, 202020s]). Besides,
countries such as Greece and Portugal have also integrated wildfire prevention into their biodiversity
strategies, aiming to reduce the negative biodiversity impacts of extreme wildfires and recognising the role
of ecosystem health in reducing wildfire risk and their impacts (Ministry of Environment, Energy and
Climate Change, Greece, 2014209)). Furthermore, Portugal’'s National Programme for Spatial Planning
Policy recognises the importance of land-use planning in reducing wildfire risk, identifying key adaptation
actions to reduce wildfire risk in rural areas (Government of Portugal, 2021210;; OECD, forthcomingzg).
Despite these good practices, however, there is still a gap in most countries in the integration of wildfire
risk reduction into sectoral strategies.

Finally, as wildfire risk grows in the context of climate change, it is important to integrate wildfire risk
reduction into climate policies. Many countries reflect wildfire risk in their national climate policies. Nearly
all OECD countries directly refer to wildfires as a key risk in the context of climate change in their National
Adaptation Strategy or Plan. For example, France’s National Adaptation Plan discusses wildfire risk as
part of land-use planning, while Greece’s National Climate Adaptation Strategy encourages prevention
actions to integrate wildfire risk management into key sectors, such as tourism, forestry and agriculture
(OECD, forthcoming1); Ministry of Environment, Energy and Climate Change, Greece, 2014209
Government of France, 2017211;; Hellenic Republic, 2018212;). In Portugal, one line of action of the Climate
Change Adaptation Action Programme (P-3AC), i.e. National Adaptation Plan, highlights wildfire
prevention as a priority focus and sets out key actions to reduce wildfire risk, including managing fuel
accumulation and continuity, strengthening the economic valuation of biomass, and adapting infrastructure
networks and support systems to growing wildfire risk (APA, 2019213)). Portugal and the United States also
recognise the challenge posed by extreme wildfires in their Nationally Determined Contribution under the
United Nations Framework Convention on Climate Change (WWF, 2021214;; OECD, forthcomingjzg)).

References

AGIF (2021), Relatério de atividades 2021 [Activity Report 2021], Agency for the Integrated [176]
Management of Rural Fires, https://www.agif.pt/pt/relatorio-de-atividades-sqifr-2021.

AGIF (2020), Portugal’s National Plan for Integrated Wildland Fire Management, Agency for the  [204]
Integrated Management of Rural Fires, https://initiative20x20.org/publications/portugals-
national-plan-integrated-wildland-fire-management.

AGIF (n.d.), “Portugal is calling”, web page, https://www.agif.pt/en/featured/portugal-is-calling [159]
(accessed on 29 July 2022).

AGIF and IRFMS (2020), National Action Plan. (199]

ANEPC (2018), Safe Village Safe People — Implementation Support Guide, National Authority for  [160]
Civil Protection, Portugal.

APA (2020), National Forestry Accounting Plan 2021-2025, Portuguese Environment Agency. [63]

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



112 |
APA (2019), National Adaptation Plan (NAP) for Climate Change (P-3AC), Portuguese
Environment Agency.

Artés, T. et al. (2019), “A global wildfire dataset for the analysis of fire regimes and fire
behaviour”, Scientific Data, Vol. 6/296, pp. 1-11, https://doi.org/10.1038/s41597-019-0312-2.

Asmar, F. et al. (2008), Lebanon’s National Forest Fire Management Strategy, Ministry of
Environment, Lebanon, https://www.iucn.org/sites/default/files/2022-06/lebanons-national-
forest-fire-management-strategy-second-draft.pdf.

Australian Government (2016), Gender and Emergency Management Guidelines,
Commonwealth of Australia, https://knowledge.aidr.org.au/media/5375/gender-and-
emergency-quidelines.pdf.

Belcher, C. et al. (2021), UK Wildfires and Their Climate Challenges, Expert-Led Report
Prepared for the third Climate Change Risk Assessment, https://www.ukclimaterisk.org/wp-
content/uploads/2021/06/UK-Wildfires-and-their-Climate-Challenges.pdf.

Bertomeu, M., J. Pineda and F. Pulido (2022), “Managing wildfire risk in mosaic landscapes: A
case study of the Upper Gata River catchment in Sierra de Gata, Spain”, Land, Vol. 11/4,
p. 465, https://doi.org/10.3390/land11040465.

Biodiversity Recovery Hub (2022), Post-fire Biodiversity and Biotic Natural Capital Recovery:
Framework Development in the Case of Evia (Greece).

Blandford, D. (2019), “Burn Baby Burn” — Controlling the Risk of Wildfires in Greece,
https://www.researchgate.net/publication/332472616 Burn Baby Burn -
Controlling the Risk of Wildfires in Greece (accessed on 19 August 2022).

Borneo Nature Foundation (n.d.), “Why are peat swamp forests so vulnerable to fire?”, web
page, https://www.borneonaturefoundation.org/conservation/why-are-peat-swamp-forests-so-
vulnerable-to-
fire/#:~:text=The%20problem%20is%20that%2C%20like,extinguish%20as%20they%20burn
%?20underground.

Boulder County (n.d.), Wildfire Partners website, https://wildfirepartners.org (accessed on
23 March 2023).

Brasuell, J. (2021), “A new approach to wildfire resilience: Property buy backs, fire resistant
parks”, Planetizen, https://www.planetizen.com/news/2021/08/114455-new-approach-wildfire-

resilience-property-buy-backs-fire-resistant-parks.

Burrows, N. and L. McCaw (2013), “Prescribed burning in southwestern Australian forests”,
Frontiers in Ecology and the Environment, Vol. 11/S1, pp. 25-34,
https://doi.org/10.1890/120356.

California Department of Insurance (2021), Protecting Communities, Preserving Nature and
Building Resiliency, California Department of Insurance,
https://www.insurance.ca.gov/cci/docs/climate-insurance-report-07-22-2021.pdf.

California Department of Insurance (n.d.), “Safer from wildfires”, web page,
https://www.insurance.ca.gov/01-consumers/200-wrr/saferfromwildfires.cfm (accessed on
5 February 2023).

[213]

[143]

[205]

[162]

[41]

(28]

[122]

[91]

[72]

[100]

[30]

[46]

[188]

[183]

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



Camia, A., G. Liberta and J. San Miguel Ayanz (2017), Modeling the Impacts of Climate Change
on Forest Fire Danger in Europe: Sectorial Results of the PESETA Il Project, Publications
Office of the European Union, Luxembourg,
https://publications.jrc.ec.europa.eu/repository/handle/JRC105684.

Canadell, J. et al. (2021), “Multi-decadal increase of forest burned area in Australia is linked to
climate change”, Nature Communications, Vol. 12/6921, https://doi.org/10.1038/s41467-021-
27225-4.

Cerda, A. and P. Robichaud (2009), Fire Effects on Soils and Restoration Strategies, CRC
Press, Boca Raton, https://doi.org/10.1201/9781439843338.

Chirouze, M. et al. (2021), Quantifying Insurance Benefits of a Nature-based Approach to
Reducing Risk: Wildfire Risk Reduction Buffers, The Nature Conservancy and Marsh
Mclennan Company,
https://www.marshmclennan.com/insights/publications/2021/december/wildfire-risk-reduction-
buffers.html.

Christianson, A. (2015), “Social science research on indigenous wildfire management in the 21st
century and future research needs”, International Journal of Wildland Fire, Vol. 24/2, pp. 190-
200, https://doi.org/10.1071/WF13048.

Colorado Department of Revenue (2022), Income Tax Topics: Wildfire Mitigation Measures,
Colorado Department of Revenue,
https://tax.colorado.gov/sites/tax/files/documents/ITT Wildfire Mitigation Measures Dec 20

22.pdf.

Colorado State Forest Service (2023), “Wildfire mitigation incentives for local government”, web
page, https://csfs.colostate.edu/grants/wildfire-mitigation-incentives-for-local-government
(accessed on 13 March 2023).

Colorado State Forest Service (n.d.), Wildfire Risk Public Viewer, https://co-
pub.coloradoforestatlas.org/# (accessed on 20 March 2023).

Commonwealth of Australia (2011), Natural Disaster Insurance Review Inquiry into Flood
Insurance and Related Matters, Commonwealth of Australia, Canberra,
https://treasury.gov.au/sites/default/files/2019-03/p2011-ndir-fr-NDIR _final.pdf.

Congressional Research Service (2021), Wildfire Management Funding: FY2021 Appropriations,
United States Congress,
https://crsreports.congress.gov/product/pdf/if/if11675#:.~:text=The %20 Trump%20Administrati
on%20requested%20a%20total%200f%20%246.371,and%20%242.350%20billion%20pursua

nt%20t0%20the %20wildfire %20adjustment.

Congressional Research Service (2020), Federal Wildfire Management: Ten-Year Funding
Trends and Issues (FY2011-FY2020), Congressional Research Service, Washington, DC,
https://sgp.fas.org/crs/misc/R46583.pdf.

Corona, P. et al. (2015), “Integrated forest management to prevent wildfires under Mediterranean
environment”, Annals of Silvicultural Research, Vol. 39/1, pp. 1-22,
https://www.researchgate.net/publication/271074753 Integrated forest management to pre
vent wildfires_under Mediterranean_environments.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023

1113

[141]

(1]

[114]

[184]

[59]

[34]

[178]

[155]

[191]

[164]

[166]

(23]



114 |

Council of Ministers, Portugal (2020), 2020-2030 National Plan for Integrated Rural Fire (175]
Management, https://www.agif.pt/app/uploads/2020/12/20-30_NPIRFM_littledoc.pdf.

Council of Ministers, Portugal (2015), National Forestry Strategy. (207]

Cox, K. (n.d.), “Underinsurance no surprise: Bushfire crisis highlights urgent need for reform”, (190]

web page, Community Legal Centres NSW, https://www.clcnsw.org.au/underinsurance-no-
surprise-bushfire-crisis-highlights-urgent-need-reform (accessed on 5 February 2023).

Czajkowski, J. et al. (2020), Application of Wildfire Mitigation to Insured Property Exposure, [94]
CIPR Research Report, Risk Management Solutions,
https://content.naic.org/sites/default/files/cipr_report wildfire mitigation.pdf.

Department of Agriculture, Food and the Marine, Ireland (n.d.), Prescribed Burning Code of [52]
Practice — Ireland, Department of Agriculture, Food and the Marine,
https://assets.qgov.ie/125030/cd7b70f4-f52a-4664-9908-e52a20738e44.pdf.

DGT (n.a.), Wildfire Hazard Map (Carta de perigosidade de incéndio rural), [136]
https://sig.icnf.pt/portal/home/item.htmI?id=65e7a435415e467b82f84b0640205409 (accessed
on 12 July 2022).

Drapalyuk, M. et al. (2019), “Forest fires: Methods and means for their suppression”, /IOP (170]
Conference Series: Earth and Environmental Science, Vol. 226/1,
https://doi.org/10.1088/1755-1315/226/1/012061.

Dwomoh, F. et al. (2019), “Forest degradation promotes fire during drought in moist tropical [73]
forests of Ghana”, Forest Ecology and Management, Vol. 440, pp. 158-168,
https://doi.org/10.1016/j.foreco.2019.03.014.

EEA (2021), “Forest fires in Europe”, web page, https://www.eea.europa.eu/ims/forest-fires-in- (147]
europe.
EFFIS (n.d.), “European Forest Fire Information System EFFIS”, https:/effis.jrc.ec.europa.eu [10]

(accessed on 14 February 2023).

EM-DAT (2023), Natural Disasters 2000-2023, https://public.emdat.be (accessed on (4]
1 March 2023).

EM-DAT (2023), Natural Disasters 2000-2023 (database), https://public.emdat.be (accessed on (6]
1 March 2023).

ESA (2021), “Multi-decade global fire dataset set to support trend analysis”, web page, [148]
https://climate.esa.int/en/news-events/multi-decade-global-fire-dataset-set-support-trend-

analysis.

Espinoza, M. (2016), “Quema controlada Parcela El Principe Sector Santa Rosa [Parque [83]
Nacional Santa Rosa) [Controlled burning El Principe Plot Santa Rosa Sector (Santa Rosa
National Park)]”, Area de Conservacién Guanacaste,
https://www.acguanacaste.ac.cr/noticias/noticias-programa-de-proteccion-e-incendios/3488-
parcela-el-principe-parque-nacional-santa-rosa (accessed on 21 March 2023).

European Civil Protection and Humanitarian Aid Operations (2022), “European Civil Protection (9]
Mechanism — Factsheet”, https://civil-protection-humanitarian-aid.ec.europa.eu/what/civil-
protection/eu-civil-protection-mechanism_en#.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



European Commission (2021), Commission Report on Forest Fires: Climate Change is More
Noticeable Every Year, European Commission, Brussels,
https://ec.europa.eu/commission/presscorner/detail/en/ip 21 5627 .

European Commission (2019), “Hungarian Forest Fire Prevention and Training Program”, web
page,
https://webgate.ec.europa.eu/life/publicWebsite/index.cfm?fuseaction=search.dspPage&n pr
0j_id=5062.

European Commission (2018), Forest Fires — Sparking Firesmart Policies in the EU, European
Commission, Brussels, https://op.europa.eu/en/publication-detail/-/publication/0b74e77d-
389-11e8-9982-01aa75ed71a1/language-en.

European Commission (n.a.), “EU Solidarity Fund”, web page,
https://ec.europa.eu/regional policy/funding/solidarity-fund en (accessed on
6 February 2023).

FAO (2021), Forest Governance by Indigenous and Tribal Peoples: An Opportunity for Climate
Action in Latin America and the Caribbean, Food and Agriculture Organization, Rome,
https://doi.org/10.4060/CB2953EN.

FEMA (2010), Bringing Youth Preparedness Education to the Forefront: A Literature Review and
Recommendations, Citizen Preparedness Review, US Department of Homeland Security,
Washington, DC.

FEMA (n.d.), “National Risk Index — Wildfire”, https://hazards.fema.gov/nri/wildfire (accessed on
30 January 2023).

Fernandes, P. et al. (2013), “Prescribed burning in southern Europe: Developing fire
management in a dynamic landscape”, Frontiers in Ecology and the Environment, Vol. 11/S1,
pp. e4-e14, https://doi.org/10.1890/120298.

Filkov, A., T. Duff and T. Penman (2018), “Improving fire behaviour data obtained from wildfires”,
Forests, Vol. 9/2, p. 81, https://doi.org/10.3390/F9020081.

Firesticks (2019), “What is cultural burning?”, web page,
https://www.firesticks.org.au/about/cultural-burning.

Fitzgerald, S. and M. Bennett (2013), A Land Manager’s Guide for Creating Fire-Resistant
Forests, Oregon State University,
https://www.nwfirescience.org/sites/default/files/publications/A%20Land%20Managers%20Gu

ide%20for%20Creating%20Fire-resistant%20F orests%20.pdf.

Forest Fire Management Group (2014), National Bushfire Management Policy Statement for
Forests and Rangelands, Forest Fire Management Group, O’Connor ACT,
https://knowledge.aidr.org.au/media/4935/nationalbushfiremanagementpolicy 2014.pdf.

Frei, T. et al. (2020), “Narrating abandoned land: Perceptions of natural forest regrowth in
Southwestern Europe”, Land Use Policy, Vol. 99, p. 105034,
https://doi.org/10.1016/J.LANDUSEPOL.2020.105034.

Galbraith, R. (2017), “The power of insurance incentives to promote fire adapted communities”,
https://www.iawfonline.org/article/the-power-of-insurance-incentives-to-promote-fire-adapted-
communities.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023

1115

(18]

[161]

(48]

[169]

[61]

[156]

[137]

[49]

[142]

[56]

(62]

[203]

(36]

[182]



116 |

Ganteaume, A. et al. (2021), “Understanding future changes to fires in southern Europe and their
impacts on the wildland-urban interface”, Journal of Safety Science and Resilience, Vol. 2/1,
pp. 20-29, https://doi.org/10.1016/j.jnlssr.2021.01.001.

Ganteaume, A. and M. Long-Fournel (2015), “Driving factors of fire density can spatially vary at
the local scale in south-eastern France”, International Journal of Wildland Fire, Vol. 24/5,
pp. 650-664, https://doi.org/10.1071/WF13209.

GFED (n.d.), Global Fire Emissions Database, https://www.globalfiredata.org.

GFMC (2019), Conclusions and Proposals of the Independent Committee Tasked to Investigate
the Underlying Causes and Explore the Perspectives for the Future Management of
Landscape Fires in Greece, Global Fire Monitoring Center, https://gfmc.online/wp-
content/uploads/FLFM-DG-ECHO-Presentation-08-March-2019.pdf.

GIO (2022), “What is underinsurance?”, web page, https://www.gio.com.au/know-more/insuring-
your-home/what-is-underinsurance.html.

Global Canopy (2021), “The Little Book of Investing in Nature”, http://www.globalcanopy.org.

Global Center on Adaptation (2020), State and Trends in Adaptation Report 2020, Global Center
on Adaptation, https://gca.org/reports/state-and-trends-in-adaptation-report-2020.

Golnaraghi, M. (2018), Managing Physical Climate Risk: Leveraging Innovations in Catastrophe
Risk Modelling, The Geneva Association, Zurich,
https://www.genevaassociation.org/publication/climate-change-and-environment/managing-
physical-climate-risk-leveraging-innovations.

Government of France (2017), “Plan national d’adaptation au changement climatique — PNACC-
2 [National Adaptation Plan for Climate Change — PNACC-2]’,
https://www.ecologie.gouv.fr/sites/default/files/2018.12.20 PNACC2.pdf.

Government of New Zealand (2021), “Protection from fire”, https://www.building.govt.nz/building-
code-compliance/c-protection-from-fire.

Government of Portugal (2021), Portugal’s Adaptation Communication to the United Nations
Framework Convention on Climate Change,
https://unfccc.int/sites/default/files/resource/2021%20Portugal%20ADCOM_UNFCCC.pdf.

Government of the United States (2022), Fact Sheet: President Biden Signs Executive Order to
Strengthen America’s Forests, Boost Wildfire Resilience, and Combat Global Deforestation,
https://www.whitehouse.gov/briefing-room/statements-releases/2022/04/22/fact-sheet-
president-biden-signs-executive-order-to-strengthen-americas-forests-boost-wildfire-
resilience-and-combat-global-deforestation.

GWIS (n.d.), Global Wildfire Information System GWIS, https://gwis.jrc.ec.europa.eu.

Hellenic Parliament (2020), Law 4662/2020 Cooperation between the Fire Brigade and the
Forest Service, Article 175.

Hellenic Parliament (2019), Regulation of Cooperation Issues between the Fire Brigade and the
Forestry Service at Central and Regional Level,
https://www.kodiko.gr/nomothesia/document/683343/yp.-apofasi-181752-2052-2019
(accessed on 17 January 2023).

[163]

(88]

[149]

[172]

[189]

(78]

[208]

[186]

[211]

[97]

[210]

(78]

[150]

[201]

[200]

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



Hellenic Republic (2021), “National Risk Assessment for Greece (NRA-GR)”.

Hellenic Republic (2018), 7th National Communication and 3rd Biennial Report Under the United
Nations Framework Convention on Climate Change.

Hellenic Republic (n.d.), Fire Protection Regulation for Properties Within or Near Forests.

Hincks, T. et al. (2013), “Risk assessment and management of wildfires”, in Risk and Uncertainty
Assessment for Natural Hazards, Cambridge University Press, Cambridge,
https://doi.org/10.1017/CBO9781139047562.013.

Hope, E. et al. (2016), “Wildfire suppression costs for Canada under a changing climate”, PLOS
ONE, Vol. 11/8, p. e0157425, https://doi.org/10.1371/journal.pone.0157425.

Huang, R. et al. (2019), “The impacts of prescribed fire on PM2.5 air quality and human health:
Application to asthma-related emergency room visits in Georgia, USA”, International Journal
of Environmental Research and Public Health, Vol. 16/13,
https://doi.org/10.3390/[JERPH16132312.

Hui, I. et al. (2021), “Baptism by wildfire? Wildfire experiences and public support for wildfire
adaptation policies”, American Politics Research, Vol. 50/1, pp. 108-116,
https://doi.org/10.1177/1532673X211023926.

IBHS (2019), Wildfire Building Codes and Standards, Insurance Institute for Business & Home
Safety, https://ibhs.org/wildfire/wildfire-building-codes-and-standards.

ICC Digital Codes (n.d.), “2016 California Fire Code, July 2018 Supplement”,
https://codes.iccsafe.org/content/ CFC2018SUP/chapter-49-requirements-for-wildland-urban-
interface-fire-
areas#:~:text=The%20CDF %20director%20classifies %20lands %20into%20fire %20hazard,a
%20local%20agency%20is%20responsible%20for%20fire%20protection (accessed on
17 April 2023).

ICNF (2022), Rural Fires in Portugal.
ICNF (2021), Forestry Profile, Institute for Nature Conservation and Forests.

ICNF (2016), Investario Florestal Nacional [National Forest Inventory], Institute for Nature
Conservation and Forests.

Inclusivity Solutions (2020), “Hollard Insurance and FNB Zambia unveil new insurance product to
protect small businesses from economic shocks”, press release,
https://inclusivitysolutions.com/hollard-insurance-and-fnb-zambia-unveil-new-insurance-

product.

Insurance Institute for Business & Home Safety (2019), “Embers cause up to 90% of home &
business ignitions during wildfire events”, https://ibhs.org/ibhs-news-releases/embers-cause-
up-to-90-of-home-business-ignitions-during-wildfire-events.

International Code Council (2021), Effective Use of the International Wildland-Urban Interface
Code, https://codes.iccsafe.org/content/IWUIC2018/effective-use-of-the-international-
wildland-urban-interface-code.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023

1117

[92]

[212]

[32]

[144]

[21]

[50]

[125]

[103]

(98]

[117]
[65]

(64]

[195]

(93]

[215]



118 |

IPCC (2022), Climate Change 2022: Mitigation to Climate Change, Intergovernmental Panel on
Climate Change, https://www.ipcc.ch/report/sixth-assessment-report-working-group-3.

IPCC (2022), Summary for Policymakers: Climate Change 2022: Impacts, Adaptation, and
Vulnerability,
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6 _WGII _SummaryForPolicym

akers.pdf.

IPCC (2020), Special Report on Climate Change and Land, Intergovernmental Panel on Climate
Change, https://www.ipcc.ch/srccl.

Iseman, T. and F. Miralles-Wilhelm (2021), Nature-based Solutions in Agriculture: The Case and
Pathway for Adoption, Food and Agriculture Organization and The Nature Conservancy,
https://doi.org/10.4060/CB3141EN.

Jacome Felix Oom, D. et al. (2022), Pan-European Wildfire Risk Assessment, Publications
Office of the European Union, Luxembourg,
https://publications.jrc.ec.europa.eu/repository/handle/JRC130136 (accessed on
2 March 2023).

Jones, M. et al. (2022), “Global and regional trends and drivers of fire under climate change”,
Reviews of Geophysics, Vol. 60/3, https://doi.org/10.1029/2020RG000726.

Kelly, L. et al. (2020), “Fire and biodiversity in the Anthropocene”, Science, Vol. 370/6519,
https://doi.org/10.1126/science.abb0355.

Kelly, M. et al. (2017), The Role of Insurance in Reducing the Frequency and Severity of Fire
Losses, University of the Fraser Valley, https://cjr.ufv.ca/wp-content/uploads/2018/04/WLU-
The-Role-of-Insurance-in-Reducing-the-Frequency-and-Severity-of-Fire-Losses.pdf.

Knapp, E. et al. (2021), “Housing arrangement and vegetation factors associated with single-
family home survival in the 2018 Camp Fire, California”, Fire Ecology, Vol. 17/25,
https://doi.org/10.1186/s42408-021-00117-0.

Kocher, S. et al. (2017), “Governance of land use planning to reduce fire risk to homes:
Mediterranean France and California”, Land, Vol. 6/2, https://doi.org/10.3390/land6020024.

Komac, B. et al. (2020), Evolving Risk of Wildfires in Europe — The Changing Nature of Wildfire
Risk Calls for a Shift in Policy Focus from Suppression to Prevention, European Science &
Technology Advisory Group (E-STAG),
https://www.undrr.org/media/47703/download?startDownload=true.

Kunreuther, H. and E. St. Peter (2020), “Reducing California wildfire losses”, University of
Pennsylvania, https://riskcenter.wharton.upenn.edu/lab-notes/reducing-california-wildfire-
losses (accessed on 23 March 2023).

Legislative Analyst’s Office (2021), The 2020-21 Budget: Governor’s Wildfire-Related Proposals,
https://lao.ca.gov/Publications/Report/4172.

Lipsett-Moore, G., N. Wolff and E. Game (2021), “Response to: Problems and promises of
savanna fire regime change”, Nature Communications, Vol. 12/1, p. 4892,
https://doi.org/10.1038/s41467-021-25042-3.

[43]

[129]

[140]

[198]

[131]

(3]

(87]

[181]

[95]

(89]

[13]

[101]

[104]

[44]

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



Loureiro, M. and J. Barreal (2015), “Modelling spatial patterns and temporal trends of wildfires in
Galicia (NW Spain)”, Forest Systems, Vol. 24/2, p. e022, https://doi.org/10.5424/FS/2015242-
05713.

Lynch, J., L. McMahon and M. Sassian (2019), Fighting Wildfires With Innovation, Insurance
Information Institute,
https://www.iii.org/sites/default/files/docs/pdf/fighting wildfires with innovation wp 110419.p
df.

Lyster, R., D. Farber and R. McFadden (2022), “Climate-induced wildfires and strengthening
resilience in electricity infrastructure”, Utrecht Law Review, Vol. 18/2, pp. 87-106,
https://doi.org/10.36633/ulr.812.

Mantero, G. et al. (2020), “The influence of land abandonment on forest disturbance regimes: A
global review”, Landscape Ecology, Vol. 35/12, pp. 2723-2744,
https://doi.org/10.1007/S10980-020-01147-W.

McWethy, D. et al. (2019), “Rethinking resilience to wildfire”, Nature Sustainability, VVol. 2/9,
pp. 797-804, https://doi.org/10.1038/s41893-019-0353-8.

Melvin, M. (2021), 2020 National Prescribed Fire Use Report, Technical Bulletin 04-20, Coalition
of Prescribed Fire Councils, Inc., https://www.stateforesters.org/wp-
content/uploads/2020/12/2020-Prescribed-Fire-Use-Report.pdf.

MINAE (n.d.), Executive Decree No. 27345,
http://www.pgrweb.go.cr/scij/Busqueda/Normativa/Normas/nrm_texto completo.aspx?param
1=NRTC&nValor1=1&nValor2=56603&nValor3=0&strTipM=TC (accessed on
21 March 2023).

Ministry Delegate of the Minister of Energy, Mines, Water and Environment, Morocco (2014),
Moroccan Climate Change Policy: Towards a Low-Carbon Climate-Resilient Development,
Kingdom of Morocco.

Ministry of Environment and Energy, Greece (2022), “Antinero Forest Preventive Clearing
Program”, web page, https://ypen.gov.gr/programma-proliptikon-katharismon-dason-antinero
(accessed on 2 December 2022).

Ministry of Environment, Energy and Climate Change, Greece (2014), National Biodiversity
Strategy and Action Plan, Ministry of Environment, Energy and Climate Change, Athens,
https://www.cbd.int/doc/world/gr/gr-nbsap-01-en.pdf.

Mockrin, M. et al. (2016), “Recovery and adaptation after wildfire on the Colorado Front Range
(2010-12)”, International Journal of Wildland Fire, Vol. 25/11, pp. 1144-1155,
https://doi.org/10.1071/WF16020.

Montiel, C. and D. Kraus (2010), “Best practices of fire use — Prescribed burning and
suppression fire programmes in selected case-study regions in Europe”, Research Report 24,
European Forest Instutute, https://www.ucm.es/data/cont/docs/530-2013-10-15-
efi_rr2449.pdf.

Moreira, F. et al. (2020), “Wildfire management in Mediterranean-type regions: Paradigm change
needed”, Environmental Research Letters, Vol. 15/1, p. 011001, https://doi.org/10.1088/1748-

9326/AB541E.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023

1119

[145]

[96]

[106]

[38]

[196]

[47]

(82]

[206]

[177]

[209]

[124]

[45]

[37]



120 |

Moss, J. and D. Burkett (2020), Social Justice and the Future of Fire Insurance in Australia, (187]
UNSW Sydney, https://climatejustice.co/wp-content/uploads/2020/05/The-Future-of-Fire-
Insurance-in-Australia-2.pdf.

Miiller, M., L. Vila-Vilardell and H. Vacik (2020), “Forest fires in the Alps — State of knowledge, [12]
future challenges and options for an integrated fire management”, EUSALP Action Group 8,
https://www.alpine-
region.eu/sites/default/files/uploads/result/2233/attachments/200213 forestfires whitepaper f

inal_online.pdf.

National Fire Protection Association (2021), NFPA — Firewise USA, https://www.nfpa.org/Public-  [157]
Education/Fire-causes-and-risks/Wildfire/Firewise-USA.

NIST (2021), “Fire modeling programs”, web page, https://www.nist.gov/el/fire-research-division- ~ [134]
73300/fire-modeling-programs (accessed on 17 March 2023).

Nolan, R. et al. (2021), “What do the Australian Black Summer fires signify for the global fire [40]
crisis?”, Fire, Vol. 4/4, p. 97, https://doi.org/10.3390/FIRE4040097.

North, M. et al. (2015), “Reform forest fire management: Agency incentives undermine policy (7]
effectiveness”, Science, Vol. 349/6254, pp. 1280-1281,
https://doi.org/10.1126/science.aab2356.

OECD (2021), Enhancing Financial Protection against Catastrophe Risks: The Role of (179]
Catastrophe Risk Insurance Programmes, OECD, Paris,
https://www.oecd.org/daf/fin/insurance/Enhancing-financial-protection-against-catastrophe-

risks.pdf.

OECD (2021), Integrating Environmental and Climate Action into Development Co- [59]
operation: Reporting on DAC Members’ High-Level Meeting Commitments, OECD Publishing,
Paris, https://doi.org/10.1787/285905b2-en.

OECD (2021), Managing Climate Risks, Facing up to Losses and Damages, OECD Publishing, 58]
Paris, https://doi.org/10.1787/55ea1cc9-en.

OECD (2021), Scaling up Nature-based Solutions to Tackle Water-related Climate [70]
Risks: Insights from Mexico and the United Kingdom, OECD Publishing, Paris,
https://doi.org/10.1787/736638c8-en.

OECD (2019), Good Governance for Critical Infrastructure Resilience, OECD Reviews of Risk [107]
Management Policies, OECD Publishing, Paris, https://doi.org/10.1787/02f0e5a0-en.

OECD (2017), Boosting Disaster Prevention through Innovative Risk Governance: Insights from  [130]
Austria, France and Switzerland, OECD Reviews of Risk Management Policies, OECD
Publishing, Paris, https://doi.org/10.1787/9789264281370-en.

OECD (2016), Trends in Risk Communication Policies and Practices, OECD Reviews of Risk [153]
Management Policies, OECD Publishing, Paris, https://doi.org/10.1787/9789264260467-en.

OECD (2015), Disaster Risk Financing: A Global Survey of Practices and Challenges, OECD [168]
Publishing, Paris, https://doi.org/10.1787/9789264234246-en (accessed on
14 February 2023).

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



1121

OECD (2014), Boosting Resilience through Innovative Risk Governance, OECD Reviews of Risk  [169]
Management Policies, OECD Publishing, Paris, https://doi.org/10.1787/9789264209114-en.

OECD (forthcoming), “Taming wildfires in the context of climate change: The case of Australia”, (11
OECD Environment Policy Papers, OECD Publishing, Paris, forthcoming.

OECD (forthcoming), “Taming wildfires in the context of climate change: The case of Greece”, [31]
OECD Environment Policy Papers, OECD Publishing, Paris, forthcoming.

OECD (forthcoming), “Taming wildfires in the context of climate change: The case of Portugal”, [29]
OECD Environment Policy Papers, OECD Publishing, Paris, forthcoming.

OECD (forthcoming), “Taming wildfires in the context of climate change: The case of the United (53]
States”, OECD Environment Policy Papers, OECD Publishing, Paris, forthcoming.

OECD/The World Bank (2019), Fiscal Resilience to Natural Disasters: Lessons from Country (193]
Experiences, OECD Publishing, Paris, https://doi.org/10.1787/27a4198a-en.

Office of the Royal Commission into National Natural Disaster Arrangements (2020), (216]
Background Paper: Cultural Burning Practices in Australia, Commonwealth of Australia,
Canberra, https://naturaldisaster.royalcommission.gov.au/publications/background-paper-
cultural-burning-practices-australia.

Oregon Department of Forestry and US Forest Service (n.d.), “Oregon Wildfire Risk Explorer”, (138]
https://tools.oregonexplorer.info/oe htmlviewer/index.html?viewer=wildfire (accessed on
17 March 2023).

Oregon Forest Resources Institute (2023), “Thinning for forest health”, web page, [68]
https://oregonforests.org/thinning (accessed on 20 March 2023).

Pacheco, R. and J. Claro (2020), “Post-wildfire emergency intervention in Portugal: An analysis ~ [112]
of public reports and policy”, Proceedings of the International Conference on Environmental
Science and Applications (ICESA’20), https://doi.org/10.11159/icesa20.118.

Pardo Ibarra, T. (2020), “What Colombia is learning from Venezuela about fire management”, [57]
China Dialogue, https://dialogochino.net/en/climate-energy/36931-what-colombia-is-learning-
from-venezuela-about-fire-management.

Parisien, M. et al. (2020), “Fire deficit increases wildfire risk for many communities in the [17]
Canadian boreal forest”, Nature Communications, Vol. 11/1, pp. 1-9,
https://doi.org/10.1038/s41467-020-15961-y.

Parks, S. and J. Abatzoglou (2020), “Warmer and drier fire seasons contribute to increases in (2]
area burned at high severity in western US forests from 1985 to 2017, Geophysical
Research Letters, Vol. 47/22, https://doi.org/10.1029/2020GL089858.

Penn, |., P. Eavis and J. Glanz (2019), “California wildfires: How PG&E ignored risks in favor of [109]
profits”, New York Times, https://www.nytimes.com/interactive/2019/03/18/business/pge-
california-wildfires.html.

Piqué, M. and R. Doménech (2018), “Effectiveness of mechanical thinning and prescribed [69]
burning on fire behavior in Pinus nigra forests in NE Spain”, Science of The Total
Environment, Vol. 618, pp. 1539-1546, https://doi.org/10.1016/|.scitotenv.2017.09.316.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



122 |

Planning for Hazards (n.d.), “Land Use Tool: Wildland-Urban Interface Code”, web page,
https://planningforhazards.com/wildland-urban-interface-code-wui-code (accessed on
15 March 2023).

Portugal Chama (n.d.), Portugal Chama, https://portugalchama.pt/en (accessed on
29 July 2022).

Presidency of the Council of Ministers, Portugal (2021), Decree-Law No. 82/2021 of 13 October
2021, https://dre.pt/dre/en/detail/decree-law/82-2021-172745163.

PreventionWeb (n.d.), “Deterministic & probabilistic risk”, web page,
https://www.preventionweb.net/understanding-disaster-risk/key-concepts/deterministic-
probablistic-risk (accessed on 17 March 2023).

Radeloff, V. et al. (2018), “Rapid growth of the US wildland-urban interface raises wildfire risk”,
Proceedings of the National Academy of Sciences, Vol. 115/13, pp. 3314-3319,
https://doi.org/10.1073/pnas.1718850115.

Republic of South Africa (2022), Working for Water (WfW) Programme,
https://www.dffe.gov.za/projectsprogrammes/wfw.

Richards, R. (2018), Defining Success for the Wildfire Funding Fix, Center for American
Progress, Washington, DC, https://www.americanprogress.org/article/defining-success-
wildfire-funding-fix.

Robinne, F. et al. (2021), “Scientists’ warning on extreme wildfire risks to water supply”,
Hydrological Processes, Vol. 35/5, https://doi.org/10.1002/hyp.14086.

Rodrigues, M. et al. (2022), “Integrating geospatial wildfire models to delineate landscape
management zones and inform decision-making in Mediterranean areas”, Safety Science,
Vol. 147, p. 105616, https://doi.org/10.1016/j.ssci.2021.105616.

Roman, J. (2018), “Build. Burn. Repeat?”, NFPA Journal, https://www.nfpa.org/News-and-
Research/Publications-and-media/NFPA-Journal/2018/January-February-
2018/Features/Build-Burn-Repeat.

Roman, J., A. Verzoni and S. Sutherland (2020), “Greetings from the 2020 wildfire season”,
NFPA Journal, https://www.nfpa.org/News-and-Research/Publications-and-media/NFPA-
Journal/2020/November-December-2020/Features/Wildfire (accessed on 9 March 2023).

Rossi, J., D. Morvan and A. Simeoni (2019), “Fuelbreaks: A part of wildfire prevention”, United
Nations Office for Disaster Risk Reduction, https://www.undrr.org/publication/fuelbreaks-part-
wildfire-prevention.

Ruiz-Mirazo, J., A. Robles and J. Gonzalez-Rebollar (2011), “Two-year evaluation of fuel breaks
grazed by livestock in the wildfire prevention program in Andalusia (Spain)”, Agriculture,
Ecosystems & Environment, Vol. 141/1-2, pp. 13-22,
https://doi.org/10.1016/J.AGEE.2011.02.002.

Saha, D. et al. (2021), “The economic benefits of the new climate economy in rural America”,
World Resources Institute, Washington, DC, https://publications.wri.org/new-climate-
economy-rural-america.

[102]

[158]

(33]

[146]

[90]

[77]

[167]

[116]

[71

[26]

[14]

[24]

[27]

[173]

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



1123

Santin, C. and S. Doerr (2016), “Fire effects on soils: The human dimension”, Philosophical [42]
Transactions of the Royal Society B: Biological Sciences, Vol. 371/1696,
https://doi.org/10.1098/rstb.2015.0171.

Scherer, S. (2021), “Canada orders rail restrictions to reduce wildfire risk”, Reuters, [108]
https://www.reuters.com/world/americas/canada-orders-rail-restrictions-reduce-wildfire-risk-
2021-07-11.

Schumann, R. et al. (2020), “Wildfire recovery as a “hot moment” for creating fire-adapted (1]
communities”, International Journal of Disaster Risk Reduction, Vol. 42, p. 101354,
https://doi.org/10.1016/J.IJDRR.2019.101354.

Scott, J., M. Thompson and D. Calkin (2013), A Wildfire Risk Assessment Framework for Land (127]
and Resource Management, http://www.fs.fed.us/rmrs.

SINAC (n.d.), Protected Wildlife Areas, https://www.sinac.go.cr/EN-US/asp/Pages/default.aspx [81]
(accessed on 21 March 2023).

Sommer, L. (2020), “Native American burning and California’s wildfire strategy”, NPR, [60]
https://www.npr.org/2020/08/24/8994227 10/to-manage-wildfire-california-looks-to-what-tribes-
have-known-all-along.

Stefanes, M. et al. (2018), “Property size drives differences in forest code compliance in the [84]
Brazilian Cerrado”, Land Use Policy, Vol. 75, pp. 43-49,
https://doi.org/10.1016/j.landusepol.2018.03.022.

Stevens-Rumann, C. et al. (2018), “Evidence for declining forest resilience to wildfires under (121]
climate change”, Ecology Letters, Vol. 21/2, pp. 243-252, https://doi.org/10.1111/ELE.12889.

Swiss Re (2015), Fueling Resilience: Climate and Wildfire Risk in the United States, Swiss [19]
Reinsurance Company Ltd., Zurich, https://www.swissre.com/dam/jcr:c2345219-8148-49¢e6-
99dd-c9be9f505301/pub_Fueling resilience.pdf.

SwissFire (n.d.), “SwissFire”, https://www.wsl.ch/de/metanavigation/services-und- (151]
produkte/daten-monitoring-und-inventare/swissfire.html (accessed on 14 February 2023).

The California FAIR Plan (2022), The California FAIR Plan, https://www.cfpnet.com/ (accessed (194]
on 25 April 2022).

The Nature Conservancy (n.d.), “The Forest Code: Using law to protect the Amazon”, web page,  [85]
https://www.nature.org/en-us/about-us/where-we-work/latin-america/brazil/stories-in-
brazil/brazils-forest-code.

The Nature Conservancy and Willis Watson Towers (2021), Wildfire Resilience Insurance: [67]
Quantifying the Risk Reduction of Ecological Forestry with Insurance Summary of Insights,
https://www.nature.org/content/dam/tnc/nature/en/documents/FINALwildfireresilienceinsuranc
esummaryofinsights6.27.21PAGES.pdf (accessed on 14 April 2023).

Triantis, L. (2022), “Normalising spatial vulnerability in the era of climate crisis? Private property, [66]
informality, and post-disaster planning in peri-urban east Attica/Greece”, Planning Theory,
Vol. 22/1, https://doi.org/10.1177/14730952221098260.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



124 |

Turner, M. et al. (2019), “Short-interval severe fire erodes the resilience of subalpine lodgepole (120]
pine forests”, Proceedings of the National Academy of Sciences, Vol. 116/23, pp. 11319-
11328, https://doi.org/10.1073/pnas.1902841116.

UNDRR (2021), Words into Action: Nature-based Solutions for Disaster Risk Reduction, United ~ [110]
Nations Office for Disaster Risk Reduction, https://www.undrr.org/publication/words-action-
nature-based-solutions-disaster-risk-reduction.

UNEP (2022), Frontiers 2022: Noise, Blazes and Mismatches — Emerging Issues of [197]
Environmental Concern, United Nations Environment Programme,
https://wedocs.unep.org/handle/20.500.11822/38059.

UNEP (2022), Spreading Like Wildfire — The Rising Threat of Extraordinary Landscape Fires, (119]
United Nations Environment Programme, https://www.unep.org/resources/report/spreading-
wildfire-rising-threat-extraordinary-landscape-fires (accessed on 1 March 2023).

UNEP (2021), “Can forest restoration reduce the threat of megafires?”, web page, [86]
https://www.unep.org/news-and-stories/story/can-forest-restoration-reduce-threat-megafires.

UNEP (n.d.), “UNEP supports project to restore peatlands in Indonesia”, web page, [74]
https://www.unep.org/fr/node/27993.

UNEP, UNEP-DTU Partnership, World Adaptation Science Program (2021), Adaptation Gap [76]
Report 2020, https://www.unep.org/fr/resources/rapport-2020-sur-lecart-entre-les-besoins-et-
les-perspectives-en-matiere-dadaptation.

UNISDR (2017), “Wildfire hazard and risk assessment”, Words into Action Guidelines: National [128]
Disaster Risk Assessment — Hazard Specific Risk Assessment, United Nations Office for
Disaster Risk Reduction,
https://www.unisdr.org/files/52828 06wildfirehazardandriskassessment.pdf.

UNISDR (2017), Words into Action Guidelines: National Disaster Risk Assessment, United [22]
Nations Office for Disaster Risk Reduction, Geneva,
https://www.undrr.org/media/20847/download?startDownload=true.

United Policyholders (2022), “California imposes non-renewal moratorium after wildfire crisis”, (192]
United Policyholders, https://uphelp.org/california-imposes-non-renewal-moratorium-after-
wildfire-crisis (accessed on 14 April 2023).

US Department of the Interior et al. (2001), Review and Update of the 1995 Federal Wildland (202]
Fire Management Policy, https://www.doi.gov/sites/doi.gov/files/uploads/2001-wfm-policy-

review.pdf.

US Fire Administration (2016), Implementation Guidelines for Executive Order 13728 Wildland- [99]
Urban Interface Federal Risk Management,
https://www.usfa.fema.gov/downloads/pdf/ec13728 guidelines.pdf.

US Forest Service (2021), “After the Fire”, web page, https://www.fs.usda.gov/science- (113]
technology/fire/after-fire.

US National Park Service (2021), “2021 fire season impacts to giant sequoias”, [25]
https://www.nps.gov/articles/000/2021-fire-season-impacts-to-giant-sequoias-executive-

summary.htm.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



1125

USDA (2018), Introduction to Prescribed Fire in Southern Ecosystems, United States [51]
Department of Agriculture, http://www.srs.fs.usda.gov.

USDA (n.d.), “Burned Area Emergency Response — BAER”, web page, [115]
https://www.fs.usda.gov/naturalresources/watershed/burnedareas-background.shtml.

USDA (n.d.), “Modeling soil heat, moisture, and evaporation dynamics during fires”, web page, (132]
https://www.fs.usda.gov/research/news/highlights/modeling-soil-heat-moisture-and-
evaporation-dynamics-during-fires (accessed on 17 March 2023).

USDA (n.a.), “Wildfire Hazard Potential”, https://www.firelab.org/project/wildfire-hazard-potential ~ [139]
(accessed on 30 January 2023).

USGS (2020), “New federal partnership will advance predictive models of wildfire behavior”, (133]
https://www.usgs.gov/news/national-news-release/new-federal-partnership-will-advance-
predictive-models-wildfire-behavior (accessed on 17 March 2023).

Valderrama, L., J. Contreras-Reyes and R. Carrasco (2018), “Ecological impact of forest fires (18]
and subsequent restoration in Chile”, Resources, Vol. 7/2,
https://doi.org/10.3390/RESOURCES7020026.

van Hensbergen, H. and J. Cedergren (2020), “Forest-related disasters: Three case studies and (5]
lessons for management of extreme events”, Forestry Working Paper, No. 17, Food and
Agriculture Organization, Rome, https://www.fao.org/3/cb0686en/CB0686EN.pdf.

Varela, E. et al. (2018), “Payment for targeted grazing: Integrating local shepherds into wildfire [35]
prevention”, Forests, Vol. 9/8, p. 464, https://doi.org/10.3390/f9080464.

Verkerk, P., I. Martinez de Arano and M. Palahi (2018), “The bio-economy as an opportunity to (8]
tackle wildfires in Mediterranean forest ecosystems”, Forest Policy and Economics, Vol. 1-
3/86, https://doi.org/10.1016/j.forpol.2017.10.016.

Victoria State Government (2022), Powerline Bushfire Safety Program, (109]
https://www.energy.vic.gov.au/safety/powerline-bushfire-safety-
program#:~:text=Prioritising%20community%20safety%20by%20reducing,Program%20was %
20established%20in%202011.

Vilar, L. et al. (2021), “Modelling wildfire occurrence at regional scale from land use/cover and (139]
climate change scenarios”, Environmental Modelling & Software, Vol. 145, p. 105200,
https://doi.org/10.1016/J.ENVSOFT.2021.105200.

von Peter, G. et al. (2012), “Natural catastrophes and global reinsurance”, BIS Quarterly Review, [180]
https://www.bis.org/publ/gtrpdf/r qt1212e.pdf.

Ward, C. et al. (2021), “Smallholder perceptions of land restoration activities: Rewetting tropical [79]
peatland oil palm areas in Sumatra, Indonesia”, Regional Environmental Change,
https://link.springer.com/article/10.1007/s10113-020-01737-z.

Watts, R. et al. (2023), “Incidence and factors impacting PTSD following the 2005 Eyre [126]
Peninsula bushfires in South Australia — A 7 year follow up study”, Australian Journal of Rural
Health, Vol. 31/1, pp. 132-137, https://doi.org/10.1111/ajr.12909.

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



126 |

Weir, J. et al. (2020), Prescribed Fire: Understanding Liability, Laws and Risk, Oklahoma State
University, https://extension.okstate.edu/fact-sheets/prescribed-fire-understanding-liability-
laws-and-risk.html.

Welty, J. and M. Jeffries (2020), “Combined wildfire datasets for the United States and certain
territories 1878-2019", U.S. Geological Survey Data Release,
https://doi.org/10.5066/P9Z2VVRT (accessed on 3 May 2023).

Wester Fire Chiefs Association (2023), “What is the relationship between deforestation and
forest fires?”, https://wfca.com/articles/deforestation-and-forest-
fires/#:~:text=How%20is%20Deforestation%20Linked%20to0,0ut%20forests%2C%20especiall
y%20tropical%20rainforests.&text=This%20leads%20t0%20a%20greater,area%20around %2
0a%20deforested%20zone.

Wijaya, A. et al. (2016), After Record-Breaking Fires, Can Indonesia’s New Policies Turn Down
the Heat?, World Resources Institute, https://www.wri.org/insights/after-record-breaking-fires-
can-indonesias-new-policies-turn-down-heat (accessed on 16 February 2023).

Wilson, R., S. McCaffrey and E. Toman (2017), “Wildfire communication and climate risk
mitigation”, in Oxford Encyclopedia of Climate Science, Oxford University Press. New York,
NY, https://doi.org/10.1093/ACREFORE/9780190228620.013.570.

World Bank (2021), Report on the Recommendations and Proposals for the Development of the
National Disaster Risk Management Plan for Greece, World Bank, Washington, DC.

World Bank (n.d.), Rural Population — Portugal,
https://data.worldbank.org/indicator/SP.RUR.TOTL.ZS?locations=PT (accessed on
9 August 2022).

WWF (2021), NDCs — A Force for Nature?, World Wildlife Fund UK,
https://wwfint.awsassets.panda.org/downloads/wwf uk ndcs a force for nature 3rd edition

-pdf.

WWF (2020), Fires, Forests and the Future: A Crisis Raging Out of Control?, WWF,
https://wwf.panda.org/wwf news/?661151/fires2020report.

WWF (2019), The Mediterranean Burns: WWF’s Mediterranean Proposal for the Prevention of
Rural Fires, World Wildlife Fund,
http://awsassets.panda.org/downloads/wwf the mediterranean burns 2019 eng final.pdf.

Xanthopoulos, G. (2015), Fire Management in Greece in Financially Troubled Times, paper
presented at the 6th International Wildland Fire Conference, Pyeongchang, Gangwon-do,
Korea,
https://www.researchgate.net/publication/292931492 Fire Management in_Greece in Fina
ncially_Troubled Times (accessed on 7 August 2022).

Xanthopoulos, G. (2008), “Who should be responsible for forest fires? Lessons from the Greek
experience”, Proceedings of the Second International Symposium on Fire Economics,
Planning, and Policy: A Global View, pp. 189-201.

Xanthopoulos, G. and M. Athanasiou (2019), “Attica Region, Greece July 2018: A tale of two
fires and a seaside tragedy”, Wildfire, No. 28/2.

[54]

[152]

[71]

(80]

[154]

[185]

[39]

[214]

[123]

[174]

(18]

[16]

[20]

TAMING WILDFIRES IN THE CONTEXT OF CLIMATE CHANGE © OECD 2023



1127

Notes

T While the objectives of prescribed fires and cultural fires often overlap to some extent, cultural fires form
part of the intangible cultural knowledge of indigenous groups and have a traditional and cultural
significance (Office of the Royal Commission into National Natural Disaster Arrangements, 202021¢)).

2 The International Wildland-Urban Interface Code was developed by the International Code Council to
support governments in enhancing wildfire resilience in WUI areas (International Code Council, 2021215)).
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