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Foreword

Across the globe, wildfires are increasing in intensity and scale. This report focuses on wildfires
in Europe, which are also changing in frequency, timing, and intensity. For example, by the
end of this century, southern Europe will face more high-intensity wildfires than today, and
on the regional scale, such events may occur as frequently as once every two years. Europe
will increasingly have to learn to live with fire and adapt society to a new challenging reality.
This EASAC report makes, on the basis of the most recent scientific evidence of the
effectiveness of suitable proactive approaches, a critical analysis of the state of knowledge
intended to reduce increasing wildfire impacts, framed in local and regional contexts.

The climate is changing, and in many parts of Europe, there will be a large increase in multiyear
droughts, leading to an increased probability of extreme fires. In addition to climate change,
much of the increase in large wildfires is attributed to widespread land use change in Europe,
with the conversion of open landscapes to shrub and forest landscapes. Current fire
management policies focus mostly on suppression and are clearly inadequate for addressing
the impacts of severe fire seasons associated with a changing climate and land use changes.

Europe is a diverse continent where the conditions and drivers of change differ substantially
across regions, with the Mediterranean region having the highest probability of very severe
wildfires in the future. However, continental, alpine, and boreal regions also need to be
prepared for increased fire risk in the future.

The combined effects of socioeconomic, ecological, and climatic trends have led to a shift in
regional fire regimes from fuel-limited to weather-driven. Compared with historical patterns,
the area burned today has fewer, larger fires, including extreme high-intensity wildfire events,
which poses significant environmental and risk management challenges.

This report also highlights the fact that wildfires have more than just negative impacts. Many
ecosystems are adapted to fire, and the use of fire by humans has a very long history,
especially in Europe. Fire impacts on ecosystems depend on when, where, how, and how often
it burns, with some ecosystems even being dependent on fire. The positive impacts of wildfires
in the environment never reach the news, whereas wildfire loss and damage do.

EASAC also underlines the utmost need for strengthening institutional capabilities to address
effective wildfire risk governance, cooperation and coordination among stakeholders, as well
as efforts to increase fire literacy. In addition to increasing budget expenditures for prevention
and restoration and adopting a system to allow effective sharing of sufficient suppression
resources among EU member countries, this report calls for European policies to recognize
fire as an intrinsic process in European landscapes and reinforce investments in land-use
planning, agriculture, and environment policies.

The report links to a number of EU policy areas, such as the Common Agricultural Policy,
Climate Strategy, Biodiversity Strategy, Farm to Fork Strategy, the Forest Strategy and the new
Nature Restoration Law, and proposes policy options that are becoming increasingly urgent
to be put in place both at the EU level and at the Member State level. The report also explores



design principles for the planned large-scale EU tree planting program to avoid inappropriately
adding substantial amounts of flammable fuel in already vulnerable landscapes across Europe.

The EASAC document concludes by launching a toolbox of three urgent key messages and
eight policy options to enable better management of fires today and to prepare and adapt
society for fires in the future.

EASAC’s work relies on the input and contributions of Europe’s leading scientific experts. |
would like to thank all the members of the working group who generously gave their time to
make this project a success and to write such a comprehensive report.

Wim van Saarloos
EASAC President



Summary

Wildfires in Europe are becoming more frequent and intense, even impacting regions that are
historically less affected. This report, prepared by the European Academies Science Advisory
Council (EASAC) special working group, examines the drivers behind these changes, explores
the consequences, and reviews current wildfire management practices. It advocates for an
integrated EU framework for fire adaptation and assesses current policies and strategies.
Moving beyond fire suppression strategies alone, this report emphasizes addressing root
causes and strengthening institutional capacities. It advocates for enhanced cooperation and
coordination across stakeholders, increased fire literacy, and improved funding for
prevention, restoration, and land-use planning. This EASAC publication also supports a unified
European integrated fire management system to enable the interoperability of qualified
resource sharing among member states. The report culminates in a set of three urgent key
messages and eight policy options designed to improve today’s wildfire management and
prepare for future challenges. In the future, nearly one-fifth of southern Europe may
experience severe wildfires as often as every two years. Europe must learn to coexist with fire
and adapt to this evolving landscape.

Understanding Wildfires
Defined as unplanned fires affecting various landscapes, wildfires are increasingly complex
and driven by intertwined factors such as land use changes, climate change, and social and
economic dynamics. Policies must shift from predominantly suppression to integrated,
adaptive strategies that manage fire as a natural element, recognizing its ecological roles in
specific ecosystems. As such, local or regional definitions of acceptable risk would be
beneficial, aiming at addressing only those situations that local policies consider to constitute
an unacceptable risk to communities and the environment.

Drivers of change
With climate change intensifying droughts and reducing summer precipitation, wildfire risk is
predicted to more than double by 2100. Urban expansion, urban sprawl, infrastructure
development and land-use changes, such as farmland abandonment and the spread of
scrublands and forests also significantly increase vulnerability to fire, necessitating investment
in proactive measures to reduce risk.

Ecosystems and Risk
Fire has both positive and negative effects, depending on the ecosystem type and the fire
timing, intensity and frequency. Certain ecosystems depend on fires for biodiversity, while
high-intensity or very frequent fires might have major impacts on ecosystem functioning and
related services. Policy frameworks should account for this diversity, with a focus on risk
reduction, post-fire restoration and balanced fire use.

Regional differences
Fire risk varies across Europe. The Mediterranean, for example, faces more intense fires due
to regional vegetation characteristics and seasonal weather patterns, whereas wildland—
urban-interface areas across Europe require targeted risk management due to increasing
exposure to fire.



Current EU policies
Current EU policies prioritize fire suppression; however, the increasing intensity of wildfires
strongly emphasizes the need for increased investment in proactive fire management along
with climate change mitigation and adaptation, prioritizing a reduction in damage over simply
minimizing the burned area.

Policy Shifts and Integrated Frameworks

A proactive approach focusing on landscape management, restoration and fire literacy is
essential. Instead of a suppression focused strategy, an integrated EU landscape fire risk
governance framework should prioritize prevention based on stakeholder collaboration, rural
development, risk awareness, behavioral change, and effective risk management on the basis
of vertical and horizontal policy harmonization.

Three Urgent Key Messages and Eight Policy Options for Long-term Proactive
Wildfire Management

This report aims to embed fire resilience into European landscapes, ensuring that wildfires are
managed not only as emergencies but also as part of a sustainable, proactive environmental
strategy.

Urgent key messages:

1. Prioritize the Implementation of Climate Change Mitigation and Land Use Policies
Swiftly implement existing EU climate change mitigation plans and land use policies to address wildfire
risk intensified by climate change, rural depopulation, farmland abandonment and woody
encroachment. The new Nature Restoration Law should also be swiftly implemented, with a particular
focus on restoring peatlands and managing forests to reduce risk. Peatlands are critical for preventing
significant carbon loss and mitigating climate feedback loops, since peatlands, the most carbon-dense
ecosystems on Earth, store approximately ten times more carbon per hectare than boreal forests do.

2. Incorporate Assessments of Wildfire Risk into Biodiversity and Tree Planting Initiatives
Ensure that wildfire risk scenarios are thoroughly assessed and integrated before the Kunming—
Montreal Global Biodiversity Framework’s 30x30 strategy and the EU tree-planting program are fully
implemented. These initiatives must be aligned with fire-wise landscape management to avoid
unintended consequences, such as increased fire vulnerability in afforested areas and exposure of
large restoration investments to fire hazard.

3. “Living with fire” - enhance Public Health Interventions and Education on Wildfire Risk
Address the severe health risks posed by wildfire smoke, particularly for vulnerable populations, by
improving preparedness and public health interventions. Awareness should be increased through
comprehensive education programs for all ages, particularly young populations, fostering a fire-literate
society equipped to adapt to the growing challenge of “living with fire” in Europe.



Eight Policy Options for Long-term Proactive Wildfire Management

1. Invest in Integrated Wildfire Risk Reduction
Shift from dominant reactive fire suppression to a more balanced approach, combining
proactive and reactive strategies.

o Actions: Focus on reducing fuel in high-risk areas, adopting multihazard planning, and
aligning wildfire policies with broader disaster risk frameworks.

o Benefits: More effective wildfire management, reduced costs, and fewer gaps in cross-
sector policies.

2. Implement Nature-based Solutions (NbS)
The use of suitable NbS to reduce wildfire risk and support postfire recovery.

o Actions: Implement prescribed grazing, prescribed burning, and native species
reforestation

o Benefits: Cost-effective biomass control, co-benefits such as water retention, erosion
prevention and job creation in rural areas.

3. Embrace the role of fire
Recognizing fire as part of many ecosystems and allowing planned burns to maintain
ecological balance.

o Actions: Support prescribed burning and cultural fire practices to reduce fuel loads and
benefit biodiversity.

o Benefits: Reduced wildfire intensity, improved ecosystem benefits, and preserved
traditional practices.

4. Invest in Education and Communication for  Wildfire =~ Awareness
Increased fire literacy and preparedness through education for all ages.

o Actions: Integrate wildfire education in curricula and public awareness campaigns,
which focus on fire literacy and management skills.

o Benefits: Greater public understanding and preparedness, more informed land-use
decisions, and skilled professionals.

5. Invest in Landscape Management to Reduce Vulnerability
Design and maintain resilient landscapes that reduce wildfire risk.

o Actions: Promote mixed land use, agroforestry, and targeted conservation to create
more fire-resilient environments.

o Benefits: Fire-resilient landscapes, diversified rural economies, and sustainable
farming practices.

6. Harmonize Sectoral Policies
Align land-use and environmental policies to prevent unintended increased wildfire risk.
o Actions: Review sectoral policies with potential wildfire impacts, especially around

afforested areas, ecological corridors, and urban planning and greening.
o Benefits: Fewer cross-policy conflicts, enhanced biodiversity protection, and reduced
wildfire vulnerability.

7. Promote compact urban development
Reduce urban sprawl to limit the expansion of the wildland—urban interface (WUI) and
associated fire risk.

o Actions: Incentivize compact urban design, use farmland as a buffer, and integrate
wildfire risk in urban planning.

o Benefits: Reduced exposure of urban areas to wildfires, lower carbon emissions, and
safer peri-urban landscapes.



8. Encourage Sustainable Private Land Management
Support private landowners in adopting fire-resilient practices.
o Actions: Promotion of mixed-species forests, closer-to-nature sylviculture, extensive
grazing, and climate-adapted farming practices.
o Benefits: Reduced fire fuel loads, biodiversity preservation, and stronger rural
economies.

Preamble

This report addresses the urgent need for updated policies to manage increasing wildfire risk
in Europe. Wildfires are increasing in frequency, duration, and intensity, even in regions
historically less affected. Society must adapt to the reality of living with fires. Yet current fire
management policies are insufficient for addressing high-severity fires and prolonged fire
seasons exacerbated by climate change. Recognizing this critical gap, the European Academies
of Sciences Advisory Council (EASAC) convened experts from 17 academies across Europe in
2023 and 2024 to analyse the evidence for proactive, holistic wildfire management policies.
Based on the latest scientific findings, this report presents an in-depth review of effective
approaches to mitigate wildfire impacts across local and regional contexts.

What are Wildfires?

In this report, wildfire refers to all vegetation fires except for prescribed burns and traditional
fires regulated by national and regional laws. The UN Office for Disaster Risk Reduction and
International Science Council defines wildfires as any unplanned or uncontrolled fires affecting
vegetation across natural, cultural, industrial, and residential areas (adapted from FAO 2006)
(see also Glossary). Wildfires can be ignited both naturally (e.g., by lightning or volcanic activity)
and frequently by human activities.

While related terms exist, such as wildland fire—a broad term encompassing any fire occurring
in wildland areas regardless of its cause, damage, or benefits (FAO 2006, 2024)—this report
primarily uses wildfire in line with international standards. Landscape fire is another term
covering fires in natural and cultural landscapes, such as forests, peatlands, shrublands,
grasslands, agricultural lands, and peri-urban areas, regardless of the ignition source or
outcome.

Additionally, the term fire regime is occasionally used to describe the spatiotemporal patterns,
frequency, and intensity of wildfires in a specific area over extended periods (Krebs et al. 2010).

Please refer to the Glossary for more details about the terminology used.

Wildfires affect various landscapes, including forests, shrublands, grasslands, peatlands, and
urban areas. Wildfires have broad, often severe, impacts on natural ecosystems and
socioeconomic systems. The EU climate adaptation strategy, adopted in 2021, aims to make
Europe resilient by 2050, including addressing increased wildfire risk. Similarly, the EU Forest
Strategy for 2030 acknowledges climate-driven threats, including wildfire risk, facing
European forests.

Despite these strategies, resources have been disproportionately allocated to fire suppression
over prevention. The United Nations Environment Programme (UNEP) has called for a



fundamental shift in funding, urging the EU and member states to reallocate spending toward
prevention and improve monitoring and coordination. Currently, most resources are
funnelled into emergency responses, with only a small fraction dedicated to planning and
prevention, creating a significant imbalance (UNEP 2002).

Scientific Review of Proactive Approaches
This report provides a comprehensive review of the evidence for proactive approaches to
wildfire risk management tailored to the EU context. Effective strategies include fire regime
management through land-use planning, fuel management, closer-to-nature forestry, grazing,
and prescribed burning. Restoring burned areas and managing vegetation to reduce
vulnerability to wildfire impacts are equally critical. The evidence base for the effectiveness of
proactive measures is presented in sections A-C, while calls for actions are presented in
sections D-F.

Policy Linkages and Recommendations
The report ties into several EU policy areas, including the Common Agricultural Policy, Climate
Strategy, Biodiversity Strategy, Farm to Fork Strategy, Forest Strategy, and the new Nature
Restoration Law.

Through key messages and recommendations, this report aims to embed fire resilience into
European landscapes, ensuring that wildfires are managed not only as emergencies but also
as part of a sustainable, proactive environmental strategy.

A. Wildfires, landscapes and people

A landscape approach that views ecosystems as social-ecological systems that deliver vital
services has become a central area of research (e.g., MA 2005). It is where people and nature
intersect, making landscapes a key arena for addressing sustainability challenges (Plieninger
et al., 2018). The landscape approach promotes integrative, transdisciplinary management,
bridging divides between diverse land uses, such as forestry, agriculture, livestock,
infrastructure, and urban settlements. This approach, if increasingly adopted in policy and
practice, would support food production, watershed protection, biodiversity conservation and
rural livelihoods as interlinked objectives within the landscape rather than in isolation (Scherr
& McNeely, 2008).

Wildfires are increasingly recognized as a landscape issue (e.g., Cochrane and Bowman, 2021;
Moreira et al., 2020; Wunder et al., 2021), similarly requiring a shift from isolated, single-focus
management strategies to a holistic, adaptive approach that integrates land-use planning,
agriculture, forestry, civil protection, and climate and energy policies (Stoof et al. 2025). These
interconnected sectors, each of which impacts fire management and broader disaster
resilience, call for an integrated, multilevel, multiactor, cross-sectoral governance strategy
(Fra Paleo, 2015). This approach prioritizes the reduction of loss and damage over simply
minimizing burned areas (Moreira et al., 2020).

In Europe, wildfires are predominantly human-caused (Ganteaume et al. 2013), with
outcomes influenced by human-induced landscape alterations and settlement patterns



(Moreira et al. 2011; Bar-Massada et al. 2023). These wildfire-prone landscapes function as
social-ecological systems, where resilience is a critical focus (McWethy et al. 2019; Newman
Thacker et al. 2023).

Disasters often occur as interconnected hazard events, compounding impacts and creating
polycrises that strain resources and intensify vulnerability This also applies to the small
number of global wildfire events that turn into wildfire disasters each year. When hazards
occur simultaneously or sequentially, they interact, trigger other hazards and amplify damage
in a series of cascading effects. Through “spotting,” fires can spread over long distances,
igniting new areas, accelerating the fires and compounding the impact. Fires may be sparked
by primary hazards such as lightning or infrastructure failure, and their severity is often fuelled
by extreme conditions such as heatwaves or droughts—hazards in themselves that contribute
to rapid wildfire spread

Wildfires can also serve as primary hazards that trigger further hazards, impacting the
environment and built infrastructure in two main ways: by altering environmental conditions
or directly affecting structures. For example, a wildfire that destroys vegetation can lead to
soil erosion and increased runoff during rainfall, resulting in gradual yet significant soil erosion
and land degradation. (Swain et al. 2025). These types of cascading impacts, often delayed,
require continuous monitoring to be effectively managed.

Natural hazards, including wildfires, frequently set off technological hazards in so-called
natech disasters. In wildland—urban interfaces (WUI), fires can cause structural damage to
energy infrastructure, disrupt transportation networks, ignite urban and industrial facilities,
and lead to further hazards.

Europe's fragmented landscapes create an extensive wildland—urban interface that is highly
vulnerable to wildfires (see further in chapter 8). The WUI is especially critical for Europe,
where the population density around fire-prone areas is greater than that in regions such as
Australia or parts of the Americas (Bar-Massada et al. 2023). The challenge of “living with fire”
is therefore especially urgent to address in Europe.

Living with fire: Cultivating cross-disciplinary and cross-border partnerships is key

Living with fire is an aspiration in many regions of Europe, as there is often a need for fire to
be integrated into the landscape rather than excluded (Moritz et al. 2014). The acceptance of
fire is a key element of resilient fire-prone territories (Newman Thacker et al. 2023). However,
for living with fire to become a reality, diversity is imperative (Stoof and Kettridge 2022). The
social-cultural context is important (Fig. 1a), as is the diversity that crosses disciplines, risks
and borders, as are diverse partnerships, such as those linking academia with practitioners
(e.g., Barreiro et al. 2021, Santos et al. 2021) (Fig. 1b).
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Fig. 1.b. Aninter- and transdisciplinary perspective on living with fire, the four axes of diversity
Source: Stoof and Kettridge (2022).

Engaging inter- and transdisciplinary teams fosters a systems-thinking approach, emphasizing
wildfire as a social-ecological process rather than as the isolation of social and environmental
aspects. Acknowledging the diversity of wildfire impacts is crucial, as vulnerable and
marginalized populations often bear a disproportionate share of the negative effects (Paveglio
et al., 2015; Davies et al., 2018; Palaiologou et al., 2018; Ottolini, 2023).

Community preparedness depends on the capacity to integrate wildfire knowledge and
actions into daily life, which varies widely across local contexts, highlighting the need for
tailored solutions that incorporate traditional and local knowledge (Vigna et al. 2024).
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Policy frameworks aiming for coexistence with fire must recognize that response capacities
differ across local, national, and international levels and should adapt accordingly. It is equally
important to consider the broader disaster risk landscape, as communities at risk of wildfire,
as emphasized above, are often exposed to multiple hazards. At the same time, wildfire is just
one of many hazards and challenges that local communities face. Investing in general
resilience is therefore key (Ottolini et al. 2024).

Summary: Wildfires, landscapes and people

A landscape approach is crucial for addressing Europe's wildfire challenges, viewing
wildfires as interconnected social-ecological phenomena requiring adaptive, cross-
sectoral governance. Human-induced landscape changes and dense wildland—urban
interfaces heighten vulnerability. Emphasizing resilience, living with fire integrates fire
into landscapes via diverse, interdisciplinary partnerships. Tailored, inclusive policies
must address wildfire risk alongside broader cascading hazards to enhance broader
disaster resilience and environmental justice

B. Why are Wildfires Changing?

1. Global Wildfire Regimes

Wildfires have been a key ecological process for hundreds of millions of years, shaping biomes
and maintaining the structure and function of fire-prone ecosystems (Glasspool et al., 2004;
Bond et al., 2005; Archibald et al., 2018) where the scale of both time and space are important
(Fig. 2). Over geological timescales, fire occurrence has varied dramatically due to changes in
climate, atmospheric oxygen levels, and vegetation patterns. These fires have influenced
evolutionary trajectories, with many plant and animal species adapting to specific fire regimes.
For example, even high-intensity stand-replacing fires, while often viewed as destructive, may
play a crucial role in fostering vegetation succession and creating mosaics of age classes that
may increase long-term ecosystem resilience (Bond et al., 2005).
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Fig. 2. Controls on fire at different scales. Dominant factors that influence
fire at the scale of a flame, a single wildfire, and a fire regime (after Moritz et al. 2005).
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From a human perspective, some wildfires may offer critical ecosystem services, e.g.,
regulating biomass, controlling pests, and maintaining open landscapes for grazing and
hunting (Pausas & Keeley, 2019). On the other hand, wildfires often result in the delivery of
ecosystem disservices and have negative impacts on human wellbeing, health, and property
(Sil et al. 2019). These benefits and harms underscore the importance of understanding and
managing fire regimes, particularly in fire-adapted landscapes (Bond et al., 2005, Bond and
Keeley, 2005, Pereira et al., 2022).

Fire and Herbivory as Vegetation Consumers

Bond and Keely (2005) considered fire and herbivory as global vegetation consumers,
emphasizing their role in maintaining ecosystems that have coexisted with fire and grazing for
millennia. Excluding fire from such systems can lead to fuel accumulation, creating a "fire
deficit" that results in devastating, uncontrollable fires. This highlights the importance of
restoring and managing fire regimes, especially in sparsely populated regions with large
continuous habitats, such as parts of Africa, Australia, and the Americas (Fernandes et al.,
2013).

Decline in Low-intensity Fires

Globally, approximately 780 million hectares burn annually—equivalent to the size of Australia
(Chen et al., 2023). Most of this burned area consists of low-intensity fires in tropical and
subtropical savannas. However, these fires decline after agricultural conversion and landscape
fragmentation (Andela et al., 2017). In contrast, high-intensity wildfires, which are more
destructive and have greater socioeconomic impacts, are on the rise (Cunningham et al.,
2024).

A historical example from Australia illustrates this trend. Indigenous Australians have
practised fire-stick farming for thousands of years, creating frequent, low-intensity fires that
shape the landscape (Steffensen 2020, Bird et al., 2024). The cessation of this practice
following European colonization has contributed to the resurgence of high-intensity wildfires
(Bird et al., 2024).

A more flammable landscape, driven by climate change, land abandonment, and
afforestation, increases the frequency and intensity of wildfires (Cunningham et al., 2024).
There is an interplay between climate change and land use changes that intensifies fire
dynamics, reshaping fire regimes both globally and regionally (Varela et al., 2020).

High-intensity fires and climate change

Climate change increases wildfire risk by increasing the frequency of extreme weather
conditions that promote fuel drying and ignition (IPCC, 2021; Pausas & Keeley, 2021). Many
regions are already experiencing larger burned areas and more intense fires. Projections
indicate further escalation of fire weather conditions, even under moderate warming
scenarios (Cunningham et al., 2024).

While total global greenhouse gas (GHG) emissions due to fires have remained relatively

stable—owing to a decline in tropical fires offsetting increases in wildfires in extratropical
regions (Zheng et al., 2021)—the regional impacts are profound. Boreal and Arctic regions, for
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example, are witnessing rapid changes in fire regimes, as warming accelerates in these high-
latitude areas (Kasischke et al., 1995).

In Mediterranean and temperate regions of the world, human activities, such as changes in
forest and grassland management, compound the effects of climate change. The result is
longer fire seasons, more intense droughts, and sometimes increased lightning occurrences,
all of which contribute to greater fire activity (e.g., Hetzer et al. 2024).

2. Changing Wildfires in Europe

Wildfire trends in Europe mirror global patterns, with high-intensity fires increasing and
overall burned areas declining (Hetzer et al. 2024). The reduction in burned areas is partly due
to the decline in pastoral and agricultural burning, particularly after 2013, due to stricter air
quality regulations (Marco and Bo 2013).

European countries report fire data to databases such as the European Forest Fire Information
System (EFFIS). Satellite data from the ESA FireCCl project using NASA’s MODIS sensor reveal
that Europe experiences more than 3 million hectares of burned area annually, with
approximately 85% occurring in nonforest habitats (Fig. 3). For example, crop residue burning
in Ukraine accounts for more than 60% of the total burned area in Europe (note that since
February 2022, war-related fires at a much larger scale have dominated in Ukraine, Matsala
et al. 2024, Sergiy Zibtsev pers. comm.).

Figure 3. Annual Burned Area in Europe (2001-2019)
The map, which is based on ESA FireCCI51 data, shows significant burned areas in nonforest
habitats, with crop residue burning dominating in Ukraine. Mediterranean forest fires are
visible at finer scales.
Source: G. van der Werf (unpublished), adapted from Lizundia-Loiola et al. (2020).
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In recent years, unprecedented fire events have occurred in Europe. In 2017 and 2018, high-
intensity wildfires swept across southern and central Europe, claiming hundreds of lives., Even
regions with historically fewer fires, such as Sweden, experienced severe fires driven by
extreme droughts and heatwaves. A recent study projected that in Europe, many new areas,
such as central Europe and rapidly warming mountainous areas, will likely be exposed to
severe fire weather. Fire-prone regions in southern Europe are projected to experience even
more extreme conditions (Hetzer et al. 2024).

3. Wildfires and climate change in Europe

Europe’s climate has already shifted beyond historical patterns, with 2023 marking the
warmest summer in the Northern Hemisphere in more than 2,000 years (Esper et al., 2024).
The average global temperature anomaly for the first ten months of 2024 (January--October)
was 0.71°C above the 1991--2020 average, representing the highest recorded temperature for
this period and a 0.16°C increase compared with the same period in 2023 (Copernicus 2024).
Projections under different warming scenarios (SSP1-2.6 to SSP5-8.5) indicate temperature
increases of up to 8.5°C by the end of the century, with the Mediterranean region expected
to face the most severe impacts (IPCC, 2021).

Projected Changes in Fire Weather

Precipitation patterns are also shifting. While northern and central Europe are projected to
experience increased annual precipitation, the Mediterranean could experience decreases of
up to 30%. These changes, coupled with rising vapour pressure deficit (VPD)! and prolonged
heatwaves, further increase fire risk across Europe (IPCC, 2021) (Fig. 4). An increasing
atmospheric vapour pressure deficit is a global phenomenon that has clear and usually
deleterious impacts on a cascade of plant processes, including carbon sequestration,
transpirational water loss, growth, productivity and survival. These impacts are exacerbated
by land—atmosphere interactions that link the dynamics of VPD and soil drought (Novick et al.
2024).

Extreme weather events, such as multiyear droughts, are expected to double the probability
of extreme fires in Europe by the end of the century (Griinig et al., 2023). Central and southern
Europe are expected to experience prolonged fire seasons, with high-intensity fires occurring
as frequently as once every two years in some areas (El Garrussi et al., 2024).

1 The vapour pressure deficit describes the drying capacity of the air, and its exponential rise is one of the most
consequential impacts of climate change on terrestrial ecosystems (Novick et al. 2024).
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Figure 4. Observed and Projected Fire Weather and Risk Trends

Panel a: IPCC regions in Europe.
Panel b: Seasonal severity rating trends (1980-2019), showing increasing fire severity in
southern and central Europe. Source: Carnicer et al. (2022).

Lightning as a cause of Fire

Lightning is also an ignition source for wildfires. While global warming is expected to increase
lightning-induced fires in many regions (Romps et al., 2014), Europe’s lightning patterns are
projected to shift northwards, increasing risk at higher latitudes. Complex terrain and
vegetation dynamics further influence the likelihood of lightning occurrences and ignition
(Kotroni & Lagouvardos, 2008; Kahraman et al., 2022).

4. Wildfires and land-use change

The increase in large wildfires and their severe impact across Europe over recent decades is
intrinsically linked to land-use changes, in addition to the effects of climate change (Oliveira
etal.,, 2017; Cervera et al., 2019; Mantero et al., 2020; Ascoli et al., 2021). These processes are
driven by complex interactions in social-ecological systems, leading to landscape
transformations that heighten wildfire risk.

Land-use change is shaped by an intricate interplay of socioeconomic, cultural, biophysical,
and ecological factors (Pinto-Correia & Kristensen, 201; Plieninger et al., 2016). These
dynamics are influenced by agricultural and forestry market trends, urban expansion, rural
depopulation, and evolving public policies at the local, national, and EU levels (Hearn &
Alvarez-Mozos et al., 2021).

Recurrent fires also drive land-use change by degrading vegetation, altering species
composition, and favouring pyrophytic plants with fire-resistant traits, such as Cistus spp. in
the Mediterranean (Acacio et al. 2007). This creates fire-prone low scrubland areas and
exacerbates erosion, leading to permanent shifts in land use (Acacio et al. 2007).

Agricultural policy, land abandonment, and forest expansion

Agricultural intensification in the 20th century triggered significant rural-to-urban migration.
Some reforms of the European Common Agricultural Policy (CAP) since the 1990s have led to
agricultural deintensification in marginal areas and, subsequently, forest expansion (Jepsen et
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al., 2015). While forest and shrubland cover increased and grassland area decreased, these
trends also led to the homogenization of landscapes and heightened fire risk through greater
fuel continuity (Ascoli et al., 2021; MacDonald et al., 2000).

Studies reveal widespread land-use transformations across Europe. Kuemmerle et al. (2016)
used CORINE and MODIS data to report declines in cropland and forest expansion, particularly
in Eastern and Southern Europe. Similarly, ESA-CCI-LC data from 1992--2022 highlight
significant reductions in cropland across Central Europe, Spain, Greece, and the Balkans,
accompanied by forest growth in Eastern Europe and the Balkans (Fig. 5). These processes also
have implications for biodiversity and ecosystem services that are mixed, but in southern
Europe, they are predominantly negative (Quintas-Soriano et al., 2022).

100

Figure 5
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Percentage variation in land use categories, 1992-2022
Panel A:Declines in cropland in Central Europe, Spain, Greece, and the Balkans.
Panel B: Forest growth in Eastern Europe, Greece, and the Balkans. Source: Adapted from ESA-
CCI-LC data (Arca, unpubl.)

In Eastern and Central Europe, land abandonment has often led to unmanaged forest
regrowth, with many areas dominated by coniferous plantations. These forests are
particularly fire prone because of their high flammability (Blumroder & Ibisch 2023). Conifers
such as pines produce needle litter and resin-rich cones that are highly combustible
(Shafizadeh et al., 1977; Ormefio et al., 2020). Poor forest management and regulatory
constraints have further exacerbated fuel accumulation, even in temperate regions
historically less affected by wildfires (Maringer et al. 2016)

Future projections indicate continued vulnerability in fire-prone regions such as Spain,
Portugal, southern France, Italy, and Greece, where changing land use patterns compound
existing challenges (Pawlewicz & Pawlewicz, 2023). Despite all endogenous and exogenous
force supporting forest expansion in the 20th century, Oliveira et al (2017) argue that wildfire
governance deficits may have been responsible for arresting forest transition and resulted in
a loss of afforestation area, since the 1990’s.

Hydrological and Climatic Interactions in Fire Risk

Ecosystem productivity is closely tied to water availability, and greater biomass enhances soil
water retention, which is crucial for mitigating fire risk (Lal, 2020). Forests and wetlands play
a vital role in buffering temperature extremes, stabilizing hydrological cycles, and reducing
high levels of vapour pressure deficit, which drive fire risk (Gohr et al., 2021; Miralles et al.,
2019).

In regions outside the Mediterranean, where there are no or only short dry seasons, dense
uneven-aged forests with diverse understorey vegetation provide a cooler, more humid
microclimate and reduce the flammability of combustibles (Pickering et al., 2021). In contrast,
even-aged plantations and logged areas lack these buffering properties, leading to drier fuels
and prolonged fire seasons (Brown et al., 2023; Blumroder et al., 2021). Soil moisture and
temperature dynamics further increase the risk of fire, as drier soils are less resistant to heat
and drought (Greiser et al., 2024).

The effects of forest management on fuel moisture often surpass those of climate warming
(Brown et al., 2024). In some cases, logging and thinning, while intended to reduce fire risk,
can inadvertently increase fire risk by altering structural complexity, desiccating fuels, and
changing energy flows (Millikin et al., 2023). Promoting mixed-species forests with diverse age
structures is therefore often seen as essential for mitigating these vulnerabilities (Ewald et al.,
2023).

Severe wildfires can initiate feedback loops that may lead to ecosystem degradation,

increased fire frequency, and shifts in vegetation composition (Landesmann et al., 2020).
Recurrent burning may slow recovery, exacerbate erosion, and diminish water retention.
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Postfire salvage logging may compound these issues by compacting soils, increasing runoff,
and degrading the soil microbiome (Prats et al., 2020; Marcolin et al., 2019).

Summary: Why are Wildfires Changing?

Wildfires are intensifying. Historically integral to many ecosystems, fire regimes are
shifting globally and in Europe, with high-intensity fires rising as low-intensity fires
decline. Drivers include warming, altered precipitation, inappropriate forest
management, and farming decline. These changes heighten fire risk, challenge
ecosystem resilience, and demand integrated management to address cascading
social-ecological impacts.

5. Wildfires and Carbon

Wildfires release greenhouse gases but may have minimal long-term impacts on carbon
balances if vegetation recovers (Mack et al., 2021; Frelich et al., 2024). However, peatland
fires typically have more severe impacts on carbon balances. Increased drought and severe
fire weather are expected to increase burn rates and carbon losses in peatlands, potentially
shifting them from carbon sinks to net sources by 2100, undermining global climate goals
(Wilkinson et al., 2023, see Fig. 6 and further below). Forests and other ecosystems can store
significant carbon when fire frequency and intensity remain moderate, with recalcitrant
pyrogenic carbon from fires potentially buffering CO, emissions (Santin et al., 2016; Jones et
al., 2019), although the scale of this effect remains uncertain.

The world's forests absorb around 15.6 gigatonnes However, around 8.1 gigatonnes of CO,
Carbo n StO rage of CO,each year. That's around 3x the annual CO, leaks back into the atmosphere due to
Tonnes of Carbon emissions of the United States. deforestation, fires and other disturbances.
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Fig. 6. Distribution of carbon below and above ground in different types of ecosystems.
Source: |IPCC, NASA, https://www.visualcapitalist.com/sp/visualizing-carbon-storage-in-
earths-ecosystems/, Miranda Smith
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Forests as Carbon Reservoirs

Forests are critical carbon sinks, storing approximately 861 gigatons of carbon globally, with
44% soil organic carbon (SOC), 42% live biomass, and smaller portions of deadwood and litter
(Pan et al., 2011, Pan et al. 2024). While tropical forests store the majority of the carbon in
aboveground biomass, boreal forests hold most of the carbon in their soils, highlighting
biome-specific carbon dynamics. Wildfires, especially intense fires, release large amounts of
CO,, methane (CH,), and nitrous oxide (N,O), directly impacting the global carbon cycle by
reducing the capacity of forests to sequester carbon (Kérner, 2003).

Severe fires convert soil carbon and nitrogen to greenhouse gases, altering SOC dynamics for
years. Postfire areas initially act as carbon sources, transitioning to carbon sinks as vegetation
recovers. Recovery times vary, with estimates ranging from 2-14 years (Dore et al., 2008).
Additionally, fires transform carbon into more stable forms, such as charcoal, which resist
decomposition and contribute to long-term soil carbon storage (Pellegrini et al., 2022).

Fire behaviour influences carbon emissions, with ground, surface, and crown fires producing
varying impacts. Ground fires, which burn organic material below the surface, can destroy
root systems and deplete soil fauna, whereas surface fires primarily affect aboveground
vegetation, allowing root-based regrowth. Crown fires, which reach treetops, emit the most
carbon. Mixed crown and surface fires have the most severe carbon impacts because of their
ability to reach the entire forest structure. (Ribeiro-Kumara et al. 2022)

Long-term Impacts and Postfire Management

The long-term effects of wildfires on forest carbon balances are complex. Factors such as fire
frequency, intensity, postfire management—such as salvage logging, soil ploughing — and
succession with deciduous trees may affect ecosystem recovery and carbon storage. Some
studies even suggest that C-storage can increase after fires, if a fire in a conifer-dominated
forest results in atransition to a less fire-prone landscape dominated by deciduous
trees (Mack et al 2021). Poorly managed postfire interventions can hinder regeneration and
reduce carbon sequestration capacity (Blumroder et al.,, 2022). Shifts in vegetation
composition, such as transitions to early successional or non-forest species, may, on the other
hand, increase surface albedo but diminish overall carbon storage potential (Duveiller et al.
2018).

Grasslands and Carbon Storage

Grasslands cover approximately 17.4% of the EU’s land area, with most carbon stored in their
soils (European Environment Agency, 2020, Schils et al., 2022). Fires and grazing regulate
carbon and nitrogen cycles in grassland ecosystems. While fires release CO, in the short term,
they can stimulate regrowth and enhance carbon sequestration over time. Wildfire and
postfire recovery processes may result in more carbon being stored in the long term than
initially released (Bowring et al., 2022). Charcoal formation and other soil changes can stabilize
soil organic matter, contributing to carbon retention and also promotes the stabilization of
new organic carbon inputs (Leal et al. 2019).

Integrating firewise management practices, such as controlled burning and grazing, can

increase the role of grasslands as carbon sinks. These practices maintain ecosystem stability
and resilience, helping offset carbon emissions. The inclusion of postfire recovery processes
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in carbon cycle models is essential for accurately assessing the long-term impacts of wildfires
on grassland ecosystems (Pellegrini et al., 2022).

Peatlands: Critical Carbon Reservoirs Under Threat

Peatlands, the most carbon-dense ecosystems on Earth, store approximately ten times more
carbon per hectare than boreal forests do (Fig. 5). Peatlands accumulate carbon over millennia
through waterlogged conditions that slow plant decay. However, when peat burns, it releases
ancient carbon stores, making these ecosystems a significant concern for climate feedback
loops (Witze, 2020).

Peatlands are particularly vulnerable, as they dry out due to warming climates. Lowered water
tables from drainage (often for agriculture or forestry) exacerbate this risk, increasing peat
susceptibility to combustion. The Arctic wildfires of 2019 and 2020 highlighted the growing
vulnerability of these carbon-rich systems, which burned millions of hectares and released
significant carbon emissions (Hugelius et al., 2020). Unlike forests, peatlands recover slowly
after fires, with carbon losses often becoming permanent.

Rewetting and restoring degraded peatlands are crucial strategies for mitigating carbon loss.
Restoration increases their resilience to wildfires and enhances their carbon sequestration
capacity. Fewer human-impacted peatlands may continue to act as net carbon sinks despite
fire events, emphasizing the importance of minimizing anthropogenic disturbances (Gray et
al., 2021). Restoring peatlands offers dual benefits for biodiversity conservation and climate
change mitigation (Wilkinson, 2023).

Summary: Wildfires and Carbon

Wildfires significantly affect carbon dynamics, releasing greenhouse gases, particularly
in forests and peatlands. Forests can recover carbon storage postfire, whereas
peatlands, the most carbon-dense ecosystems, often face permanent carbon loss when
burned. More research is needed to fully understand fire-related changes in forest
carbon dynamics and develop effective mitigation strategies that increase ecosystem
recovery while balancing carbon emissions.

6. Wildfires and Biodiversity

The effects of wildfires on biodiversity depend on both fire regime characteristics and biotic
factors, including habitat traits and species-specific responses (Pyke et al., 2011; Valké & Dedk,
2021). The key fire regime variables include frequency, severity, intensity, timing, and extent.
Biotic factors include species fire tolerance, regeneration capacity, interspecific interactions,
and dispersal ability. Fire impacts are highly context dependent: immediate effects, such as
organ injuries or mortality, are typically detrimental, but secondary effects can improve
habitat conditions for recolonization and reestablishment. As a result, fire impacts vary at the
individual, population, and ecosystem levels.

Wildfires: Positive and negative impacts on biodiversity
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The "pyrodiversity hypothesis" posits that variability in fire intensity and frequency fosters
landscape-level biodiversity (Steel et al., 2024; Bond et al., 2005). Evidence supports this in
fire-adapted ecosystems, where moderate fire regimes benefit species such as birds and
pollinators (Kelly & Brotons, 2017). However, a meta-analysis by Jones & Tingley (2021)
reported mixed results, suggesting that the hypothesis applies primarily to ecosystems with
anthropogenic fire regimes. Wildfires are more likely to support biodiversity in fire-adapted
systems, where moderate fires may increase habitat heterogeneity (Figure 7).
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Figure 7: Effects of fire on Ecosystem Drivers

Fire, herbivory, and competition among plants are the three major factors controlling plant
biomass globally. In fire-adapted "blacker" worlds where fire is a main biomass consumer, fire
tends to benefit biodiversity, whereas in "green" and "brown" worlds, fire effects are more
likely to be negative. Excessive fire intensity, similar to overgrazing, can harm biodiversity
across all systems. Adapted from Bowman et al. (2016) and based on Bond et al. (2005).

Boreal Forests: Fire Impacts and Species Adaptations

In boreal forests, the effects of fire on biodiversity vary widely depending on the species and
fire regime. Low-intensity fires often benefit biodiversity by creating habitats for species that
thrive in postfire conditions, such as certain beetles (Muona & Rutanen, 1994), fungi (Tikkanen
et al., 2006; Ramberg et al., 2023), and vascular plants, such as some Geranium species, which
rely on heat for seed germination. Conversely, intense fires harm soil biodiversity by burning
humus and litter layers, severely impacting soil organisms (Malmstrom, 2010; Pérez-lzquierdo
et al., 2023).

In Fennoscandia, Pinus sylvestris (Scots pine) has greater fire resistance than Picea abies
(Norway spruce) because of its thicker bark and tolerance for dry soils (Spalt and Reifsnyder,
1962). Deciduous species such as birch and aspen, while poorly fire resistant, regenerate
rapidly by sprouting or seed dispersal. In boreal forests, mixed-species forests often reduce
fire risk, support biodiversity, and improve ecosystem resilience after fires (e.g., Jonsson et al.
2019; Johnstone et al. 2020; Mack et al. 2021; Jaffe et al. 2023).

Grasslands: Fire as a Disturbance and Conservation Tool
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Globally, fire is a vital management tool in fire-prone ecosystems, such as savannas,
grasslands, and shrublands in the Americas, Australia, and South Africa. In Europe, the
potential for fire as a conservation tool remains underexplored. Grasslands in Europe,
including seminatural grasslands, rely on disturbances such as fires to sustain biodiversity and
prevent woody encroachment (Halada et al., 2011). Fire has played a pivotal role in shaping
grassland ecosystems since the Neolithic period (Feurdean et al., 2020). However, traditional
fire practices have declined due to socioeconomic shifts (Valkd et al., 2014).

Low-intensity fires during dormant seasons benefit grassland specialists by reducing dominant
species, creating open landscapes, and promoting thermophilic taxa such as early spring
geophytes (Valkd et al., 2014). However, high-intensity or frequent fires during growth or
breeding seasons can harm plants and animals in vulnerable life stages. Prescribed burns offer
a valuable tool for managing abandoned grasslands, controlling invasive species, and
supporting threatened taxa, but further research is needed to optimize their application in
Europe (Valké & Dedk, 2021).

Summary: Wildfires and Biodiversity

Globally, fire is a vital management tool for biodiversity conservation in fire-prone
ecosystems, such as savannas, grasslands, and shrublands in the Americas, Australia,
and South Africa. In Europe, the potential for fire as a conservation tool remains
underexplored. Prescribed burning can play a key role in restoring grasslands,
controlling invasive species, and enhancing habitats for fire-adapted species. Managing
production forests to include diverse species is essential for enhancing postfire
recovery and maintaining biodiversity.

7. Wildfires in Europe — Regional Overview of Trends

Europe is a diverse continent where the drivers and conditions influencing wildfire dynamics
differ significantly across regions. Future projections indicate a near-doubling probability of
very large fires in most regions by 2100, with the Mediterranean region having the highest risk
(Fig. 8). This chapter outlines regional characteristics that must be considered when
developing strategies to manage wildfires effectively. We selected three contrasting regions
for detailed analysis: Mediterranean Europe, Continental and Alpine Europe, and Northern
Europe. (Fig. 8). These regions exemplify well the main fire regime characteristics and trends
in Europe. However, it should be noted that not all parts of Europe are covered by these
regions
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Fig. 8. Probability of large fires (>2500 ha) in different European biomes from 1990--2100.
(Source: Grunig et al. 2023)

Mediterranean Europe

The Mediterranean region is particularly susceptible to wildfires because of its unique climate
and social-ecological dynamics. The long, hot, and dry summers, coupled with short, mild
winters, create ideal conditions for vegetation growth, fire ignition and spread. During the
summer, specific synoptic weather patterns, including intrusions of Saharan air masses,
exacerbate the situation and favour the occurrence of severe fire outbursts.

Historically, fires have been an integral component of Mediterranean ecosystems since at
least the Miocene, with their influence intensifying during the Pliocene as Mediterranean
seasonality developed (Rundel et al., 2016). Fires have shaped the region’s vegetation and
ecosystems, contributing to its high biodiversity.

Since the middle of the 20th century, rural depopulation and agricultural land abandonment
have profoundly altered Mediterranean landscapes (Newsham & Rowe, 2023). Vast areas of
cropland have been replaced by shrubland or forest, increasing fuel loads and continuity at
the landscape scale (San-Miguel-Ayanz et al., 2012; Oliveira et al., 2017).

Recent climatic trends, including warming and drying, have intensified droughts and
heatwaves (Bednar-Friedl| et al., 2022; Vogel et al., 2021), contributing to more severe fire
seasons (Ruffault et al., 2020). These changes have shifted the region’s fire regime from fuel-
limited to weather-driven (Pausas & Fernandez-Mufioz, 2012) (see also Table 1).

Despite these challenges, in recent decades, both the number of fires and the total area
burned have decreased, which is attributed to reduced fire use in rural management and
improved suppression capacity (Turco et al., 2016; Rodrigues et al., 2020) (Fig. 9). However,
burned areas are now concentrated in fewer but larger fires, including extreme high-intensity
events (Royé et al., 2020), which poses significant environmental and civil protection
challenges.
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Figure 9. Areas burned in different Mediterranean

(Data Source: San-Miguel-Ayanz et al. 2022)

parts of Europe

While the decline in the burned area was notable but variable, peak years such as 1985 and
2017 demonstrated the region’s vulnerability during severe fire seasons. In the 1980s and
1990s, Spain dominated the burned area statistics, but in the 21st century, Portugal took this
position, with notable exceptions such as Greece's devastating fires in 2007.

In Portugal, high-intensity fires have risen sharply (Parente & Pereira, 2016), and Greece has
seen similarly notable increases in wildfire intensity, extent, and frequency, with projections
suggesting up to 40 additional high-fire danger days annually in southern and eastern regions
by the late 21st century (Rovithakis et al., 2022).

Continental and Alpine Europe

Central and Alpine Europe exhibit highly altered fire regimes. Fire has been integral to
temperate and alpine ecosystems, shaping landscapes since the last glaciation (Tinner et al.,
2005; Robin & Nelle, 2014). During the Bronze Age, human use of fire expanded agro-pastoral
landscapes, further altering fire regimes (Feurdean et al., 2013; Morales-Molino et al., 2015).

In the plains of Central Europe, increased landscape fragmentation and less flammable
vegetation have made fire a marginal disturbance. Fire suppression strategies have further
reduced the occurrence of large fires, particularly in productive forests and near settlements
(Mdller et al., 2020). In contrast, mountainous regions face significant challenges due to
population decline and the abandonment of agro-silvopastoral activities. These trends have
increased landscape flammability and, combined with extreme fire weather events, have led
to large fires with substantial impacts. In some alpine areas, fires now affect vegetation
historically less exposed to fire, such as beech forests (Maringer et al., 2016) (see also Table
1).

Continental inner valleys are particularly vulnerable due to their dry climates, flammable
vegetation, and steep slopes. Lightning ignitions are more common in these areas,
contributing to extensive fires that threaten ecosystem services such as protection against
rockfalls and avalanches (Moser et al., 2010; Valese et al., 2014).

Table 1. Summary of regional differences and similarities in some dominant regions of Europe
in the distribution and drivers of wildfires. For details, see the text.

Fire size *® most fires are small (up to e most fires are small o > 80% of fires are
distribution 10 ha) (up to 10 ha) small (up to 0.5 ha)
e fires >100 ha account for e fires > 100 ha
more than 80% of the total account for the 80% of
burned area the total burned area
Fire season ¢ peak fire season from July e fire season typically e fire season typically
conditions to September, but official fire | from May to  from May to
season from May to October | September September
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e average number of high-

e average number of

e average number of

danger days ranging between = high-danger days high-danger days
50-60 ranges between 20 ranges between 20
and 35 and 35
Prevailing fire- ¢ sclerophyllous vegetation e dry conifer forests e conifer forests (60%)
prone (>25%); (50% in eastern Alps, e peatlands
vegetation * deciduous forests (20%); <30% western Alps) * heathlands
types e coniferous forests (15%), e conifer plantations
e agroforestry areas (10%); e temperate broadleaf
e pastures (>15%) forests with porous
litter (e.g. chestnut
and beech in western
Alps
Societal e rural depopulation e rural depopulation, e rural depopulation,
conditions and  ° abandonment of e abandonment of e increase of absentee
major trends agriculturalland agricultural land landowners
affecting the e afforestation of farmland J suburbanization,
fire regimes e population ageing urban sprawl
e increase of absentee
landowners
. urban sprawl,

suburbanization
e |oss of cultural practices

. reduction and
simplification of woodland
uses

Northern Europe

Northern Europe, including the boreal regions of Fennoscandia, is characterized by vast
conifer-dominated forests. Although these regions are similar to boreal North America and
Asia, the annual area affected by high-intensity wildfires in northern Europe remains relatively
small. Fire intensity and severity are also typically lower than those elsewhere in the boreal
zone (Wooster & Zhang, 2004; Rogers et al., 2015) (see also Table 1).

Historically, Fennoscandia has experienced frequent fires due to cultural practices such as
slash-and-burn agriculture and the use of fires to improve grazing lands. These practices
maintained a balanced fire regime until the late 19th century, when industrial forestry and
changes in land tenure reduced fire frequency (Niklasson & Granstrom, 2000; Wallenius,
2011).

Coastal heathlands, maintained for approximately 5,000 years through regular burning,
exemplify how traditional practices shaped fire-prone landscapes (Kaland et al., 1986).
However, the abandonment of these practices has led to fire-safe vegetation dominated by
old heather deciduous species and young conifers (Gjedrem and Metallinou, 2023). .

Today, the area burned annually in Fennoscandia is lower than historical levels, but the
number of wildfires remains high. Owing to the dense network of forestry roads, initial fire
responses are swift, and most fires are controlled at an early stage. For example, the average
forest fire size in Finland in recent decades was only 0.4 ha (Lindberg et al. 2020).
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However, severe fire events, such as those during the 2018 heatwave, revealed the region’s
vulnerability under extreme weather conditions. These events underscore the need for
strategies to address the increasing risk of large fires.

Summary: Wildfires in Europe — Regional Overview of Trends

Wildfires in Europe are increasingly influenced by regional dynamics, with the
Mediterranean experiencing the highest risk due to hot, dry climates and land
abandonment, leading to large, high-intensity fires. Continental and alpine regions are
experiencing increasing wildfire threats from landscape changes and extreme weather,
necessitating tailored strategies for diverse conditions. Northern Europe benefits from
effective fire suppression but faces rising risk due to climate change.

8. Wildfires in the Wildland—Urban Interface (WUI) in
Europe

The wildland—urban interface (WUI) encompasses areas where human development meets
wild land, including settlements, infrastructure, and cultivated land (Bénichou et al., 2021).
These zones face various challenges, such as wildfire hazards; habitat loss; landscape
fragmentation; water, air and soil pollution; and zoonotic disease spread. The encroachment
of residential areas and infrastructure into high fuel density landscapes has increased the
degree of fire risk to people and property (Figure 10). However, detailed analyses of the global
extent and impacts of the WUI remain limited (Schug et al., 2023; Tang et al., 2024).

Forested

Fuel density Wildfire exposure Building density
\ \ /

Figure 10: Simplified relationship between wildfire exposure, building density and fuel density
gradients in the WUI (after Ager et al. 2021).

WUI Expansion and Fire Risk
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Bar-Massada et al. (2023) mapped Europe’s WUI, revealing that it covers approximately 7% of
the continent (363,000 km?) (Figure 11).

In Europe, WUI expansion is driven by suburbanization, urban sprawl, and private vehicle-
dominant use. “Pull factors”, such as proximity to nature, and “push factors”, such as high
housing costs in urban centers, accelerate this trend. Suburban abandoned agropastoral lands
often transition into shrubland and forestland, creating vegetation corridors that facilitate fire
spread (see chapter 4). These dynamics increase wildfire risk, particularly in Mediterranean
regions where summer pyro-meteorological conditions are severe.

Human activities in the WUI contribute to a high ignition frequency, compounding these risks.
Efforts to assess WUI wildfire exposure are emerging. Ager et al. (2021) reported that the
impacts of some wildfire events, such as the 2018 Paradise fire in California, are predictable
on the basis of building-fuel density gradients, with maximum wildfire exposure at building
densities of 1,400-1,500 structures/km?.
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Figure 11: Percentage of total WUI per European region (NUTS-3), from Bar-Massada et al.
(2023).

However, although such research calculates the worst-case building density, the lowest safe
limit has yet to be estimated, which is likely affected by a landscape’s relative location, land
use, and community’s level of awareness and preparedness for wildfires.

The 2025 Los Angeles Wildfires: Implications for Europe

As has become dramatically apparent recently, the Los Angeles area faces a growing wildfire
threat due to climate change, land use change, and extreme weather conditions. Although the
fire-prone conditions in California may be rather specific, the events that played out in January
2025 can provide relevant lessons and warnings also for urban areas in Europe. The fires
occurred in high-risk zones where regulation require vegetation management, yet the fire
severity was exacerbated by prolonged drought, and seasonal strong and dry Santa Ana winds,
which created extremely fire-prone conditions. Studies show that human-induced climate
change has significantly increased fire weather risk in the area, with extreme conditions now
35% more likely and fire seasons extending by over three weeks (Barnes et al. 2025).
Vulnerable communities, particularly homeless and marginalized groups, faced
disproportionate impacts, while infrastructure weaknesses exposed critical vulnerabilities.

28



Proposed Policy Responses and Urban Planning Strategies

To build fire-resilient cities, experts in the region advocate for strategic urban planning,
including fire buffer zones, fire-resistant materials, and reduction of flammable exotic
vegetation. Inspired by Kobe’s earthquake recovery and Texas’ flood management, Los
Angeles is considering relocation incentives and urban densification in safer areas rather than
rebuilding in high-risk zones. European cities should similarly integrate fire risk reduction into
urban and wider land-use planning by limiting development in fire-prone areas, strengthen
emergency preparedness, invest in resilient infrastructure and support collaborative fire-wise
governance of the wider urban-rural area.

Wildfires and Tourism

Tourism in the WUI is particularly vulnerable to wildfires, as peak tourism coincides with the
fire season. Tourists often lack awareness of fire risk and evacuation routes at visited sites, as
seen in recent wildfires in Madeira (2016), Maui (2023), Rhodes (2023), and Montblanc, Spain
(2024). Fires threaten local economies, disrupt livelihoods, and endanger tourists and
residents, underscoring the need for preparedness.

Improving Preparedness and Evacuation Strategies

Evacuation is the primary strategy for reducing wildfire risk to tourists. Tourists who lack
property attachment generally accept early evacuation, whereas locals may prefer
alternatives such as sheltering-in-place (Strahan et al., 2018; Rochi et al., 2024). For example,
in Cadiz (2016), tourists were evacuated while locals sheltered in place. In Rhodes (2023),
thousands were evacuated by land and sea.

Effective tourist evacuation plans must address individuals with reduced mobility and include
multilingual early warnings. Although disruptive, evacuations can improve preparedness and
risk awareness for future local events.

Cross-border cooperation and heritage protection

In transboundary tourist regions, collaboration between countries is essential but often
insufficient. It is clear that harmonized fire risk assessment, preparedness measures, and
communication strategies are often lacking. Efforts to protect natural and cultural heritage
sites from wildfires are particularly urgent, and hazard modelling can guide fuel management
to prevent fires from threatening heritage sites and settlements (Bachantourian et al., 2023;
Menemenlis et al., 2023).

Figures 12 and 13 illustrate examples from Tuscany, Italy, where landscape management
integrates tourism, agriculture, and forestry. These coordinated efforts reduce fire risk while
enhancing regional appeal. Mapping pyro-boundaries and fuel clusters can further delineate
high-risk areas, supporting reforestation and protective measures in postfire zones
(Palaiologou et al., 2022; Tzamtzis et al., 2023).
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Figure 12: Examples of forestry work at the landscape scale in Tuscany, Italy. Source: WUITIPS,
2024.

Figure 13: The Tuscan landscape mosaic harmonizes land uses, reducing wildfire risk
(Agnoletti and Santoro, 2018).

Summary: Wildfires in the Wildland—Urban Interface (WUI) in Europe

The wildland—urban interface (WUI) in Europe poses significant wildfire risk because of
expanding settlements near high-fuel landscapes, driven by suburbanization and land
abandonment. Tourism amplifies vulnerability, with peak seasons coinciding with fires.
Effective evacuation plans, cross-border cooperation, and integrated landscape
management are essential for reducing risk while preserving natural and cultural
heritage.

9. Wildfires and Health

Wildfires have significant health impacts, ranging from immediate injuries to long-term
chronic conditions (EASAC 2019). These include excess mortality, respiratory and
cardiovascular diseases, mental health problems, and posttraumatic disorders, particularly in
more vulnerable populations. While the short-term health effects caused by flames, heat, and
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smoke have been extensively studied, interest in longer-term consequences, including those
from smoke exposure and psychological distress, is increasing. Research on wildfire-related
health impacts has been conducted predominantly in the USA, Canada, Australia, and
mainland Europe, with limited evidence available from the UK (Pashley et al., 2023).

Short-term health impacts: Flames, heat, and smoke

The immediate health effects of wildfires primarily include burns, injuries, and deaths caused
by direct exposure to flames and radiant heat. Fire response teams and residents in wildfire
areas are at the highest risk (Stokes et al., 2021). Short-term respiratory effects are particularly
concerning because of the large amounts of particulate matter and toxic gases released into
the air. Wildfire smoke contains carbon dioxide, carbon monoxide, and fine particulate matter,
which can also contaminate soil, water, crops and food resources (Finlay et al., 2012).

Particulate matter (PM) is a primary pollutant of concern in wildfire smoke. PM10 particles
can affect the upper respiratory system, whereas PM2.5 particles (less than 2.5 microns in
diameter) penetrate deeper into the lungs, where they reach the bronchioles and alveoli.
These fine particles are associated with worsened respiratory symptoms, including asthma
exacerbation, bronchitis, and chronic obstructive pulmonary disease (COPD), resulting in
increased emergency visits, hospitalizations, and outpatient visits during wildfire events
(Finlay et al., 2012; Reid et al., 2016).

Studies have also highlighted the potential for increased respiratory infections during wildfire
seasons, and elevated emergency visits for upper respiratory infections have been reported
in some studies (Reid et al., 2016). Immediate exposure to wildfire smoke has also been linked
to an increased incidence of all-cause mortality, further underscoring the severity of these
short-term impacts.

Premature Mortality Linked to Smoke Exposure

Wildfire smoke is a major contributor to premature deaths, largely due to PM2.5 exposure. A
study in California estimated that wildfire-related PM2.5 caused between 52,480 and 55,710
premature deaths from 2008--2018 (Connolly, 2024). Across the United States, wildfire smoke
now accounts for 25-50% of PM2.5 emissions. While overall air quality has improved in recent
decades, regions affected by wildfires, particularly the western and northwestern USA, have
experienced worsening summer PM2.5 levels due to increased fire activity (Connolly, 2024).

Wildfire smoke also contains carcinogenic compounds, such as polycyclic aromatic
hydrocarbons (PAHs) and volatile organic compounds (VOCs). These substances adhere to
particulate matter and persist in the environment, posing long-term health risks, and even
low-level exposure to such toxins remains a concern, particularly for vulnerable populations
(Finlay et al., 2012).

Cardiovascular and neurological health impacts

The impact of wildfire smoke on cardiovascular health is complex and less well understood
than its respiratory effects are. Some studies report significant increases in hospital
admissions for circulatory diseases, including a 21% increase during wildfire waves in the
North Region of Brazil (Requia et al., 2021). However, evidence of a clear association between
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wildfire smoke exposure and cardiovascular morbidity and mortality remains unclear, with
conflicting findings across studies (Gould et al., 2024; Reid et al., 2016).

Emerging evidence suggests that wildfire smoke and heat stress may affect brain health. Fine
and ultrafine particulate matter in wildfire smoke can enter the brain through the olfactory
system and bloodstream, bypassing the blood—brain barrier (BBB). Once in the brain, these
particles can induce neuroinflammatory and cerebrovascular effects, potentially contributing
to cognitive impairment, accelerated cognitive decline, and dementia, including Alzheimer’s
disease (White, 2024).

Immune system impacts and chronic conditions

Wildfire smoke exposure also affects immune system function, exacerbating asthma, allergic
airway sensitization, and chronic obstructive pulmonary disease (COPD) (Skevaki, 2024). The
immunoregulatory impacts of prolonged smoke exposure remain an active area of research.
Understanding these effects, along with the broader interplay between climate change and
immunology, is crucial for mitigating the health impacts of wildfire (Skevaki et al., 2024;
Bowman et al., 2024).

Chronic health impacts, though less frequently studied, are significant. For example, long-term
exposure to PM2.5 from wildfires has been linked to increased mortality in Portugal, where
between 31 and 189 deaths were attributed to wildfire smoke between 2015 and 2018
(Barbosa et al., 2024). Additionally, the psychological impact of wildfires is increasingly
recognized. Posttraumatic stress disorder (PTSD), depression, and anxiety have been
documented in both adult and pediatric populations following wildfire events, with effects
persisting for years (To et al. 2021).

Vulnerable populations and health inequalities

The health impacts of wildfires are not distributed evenly, with certain populations being more
vulnerable to adverse effects. Pregnant women face heightened risks of preterm birth and low
birth weight when exposed to wildfire smoke, similar to other forms of air pollution (Bansal et
al.,, 2023). Children, elderly individuals, and individuals with preexisting respiratory or
cardiovascular conditions are also disproportionately affected (Pashley et al., 2023; Wilgus
and Merchant, 2024; Reid et al., 2016).

The health impacts of wildfires also seem to be unequal in their geographical distribution and
particularly affect some ethnic groups (Davies et al, 2018). Southern and Eastern European
countries, where wildfire risk is more prevalent, bear a heavier burden of health impacts. The
evidence suggests that individuals living in highly deprived areas (e.g., certain NUTS2 regions)
are more vulnerable to wildfires than those living in less deprived areas are (van Daalen et al.,
2024). However, gaps remain in understanding the sociodemographic factors that drive these
inequalities (Grant and Runkle, 2022).

Adapting to and mitigating health impacts

Effective adaptation strategies are critical for mitigating the health impacts of wildfires. These
include improved public health surveillance, targeted health management for vulnerable
populations, and long-term research into the physiological and psychological effects of
wildfires. Strengthening public awareness through tailored risk communication campaigns can

32



also help communities better prepare for and respond to wildfire events (InterAcademy
Partnership- IAP, 2022).

Community-level training programs that educate individuals on wildfire risk and promote
preparedness measures, such as maintaining home-ignition zones, are essential for building
resilience. Such programs should be complemented by policies that enhance multihazard early
warning systems, emergency preparedness, civil protection infrastructure, and healthcare
resources in high-risk areas.

Summary: Wildfires and Health

Wildfires pose a multifaceted threat to public health, with impacts ranging from acute
injuries and respiratory distress to long-term cardiovascular, neurological, and mental
health issues. Vulnerable populations and socially disadvantaged groups are
disproportionately affected, highlighting the need for targeted interventions. Effective
adaptation strategies are critical for mitigating the health impacts of wildfires. These
include improved public health surveillance, targeted health management for
vulnerable populations, and long-term research into the physiological and
psychological effects of wildfires.

C. How can we manage changing wildfires?

10. Challenges to today’s wildfire management strategy

Traditional fire management strategies in Europe have focused predominantly on emergency
response, aiming to minimize wildfire impacts during years with average fire weather
conditions. While this approach has had some success, it falls short in addressing the impact
of increasingly severe fire seasons driven by climate change. Two major issues have emerged
from this narrow focus: (i) the accumulation of flammable vegetation and (ii) disproportionate
investment in suppression efforts at the expense of proactive landscape fuel management
programs.

Although the EU has taken substantial steps to enhance its coordination capacity for
emergency response, more efforts are urgently needed to adopt a proactive approach that
reduces the prevalence and severity of wildfires. Policies that focus solely or predominantly
on mitigating short-term fire damage by emphasizing suppression, inadvertently led to
increased fuel loads, ultimately resulting in fewer but far more intense and destructive fires.
This "firefighting trap" has been extensively documented in Europe and the USA (Collins et al.,
2013; Fernandes et al., 2020; Moreira et al., 2020). Suppression-focused approaches reduce
the role of fire as a natural biomass regulator, allowing unburned vegetation to accumulate
and fuel subsequent extreme wildfires. This cycle intensifies risk to society, including loss of
life, destruction of homes, and disruption of ecosystem services (Spadoni et al., 2023).

Since wildfire risk often stems from multiple interacting factors, including continuous
stretches of flammable vegetation and periodic extreme weather events, suppression is
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insufficient, as some fires exceed the response capacities of even well-equipped countries,
particularly when events are synchronous across regions (Podschwit & Cullen, 2020).

11. Wildfire Risk Reduction: Proactive Approaches

Prescribed Burning and Its Benefits and Challenges

Prescribed burning, the application of fire under planned conditions by trained professionals,
faces significant challenges in Europe, particularly in densely populated areas where air quality
concerns, the risk of fire escape, and limited suitable weather conditions often restrict its use
(Ascoli & Bovio, 2013). Meanwhile, there is a long history of the use of fire as a tool, which has
proven effective in managing vegetation and mitigating fire risk (Weir & Scasta, 2022).
Additionally, field experience across a range of countries shows the benefit of controlled burns
for training purposes and bringing diverse stakeholders together, benefiting safety and
efficacy of fire management during unplanned wildfires. Given the values and challenges of
prescribed burning, trade-offs between the benefits and costs of prescribed burning must be
carefully considered (Fernandes et al., 2013).

Alternative Fuel Management Techniques

Where prescribed burning is not feasible, alternative methods such as mechanical vegetation
removal, prescribed grazing, and pyrosilviculture can help manage fuel loads (Fernandes,
2013). Strategic forest fuel management techniques, such as fuel breaks and strategic
prevention points, have been shown to effectively disrupt fuel continuity, reduce fire
intensity, and improve fire suppression personnel safety (Castellnou et al., 2019; Aparicio et
al., 2022).

Strategic Prioritization of Forest Management

Advanced technologies, including stochastic fire simulations and spatial planning tools, enable
the prioritization of fuel management in high-risk areas (Palaiologou et al., 2021). Strategic
planning focuses on multiple objectives, such as protecting residential zones, economic assets,
and biodiversity hotspots. The results often highlight trade-offs between priorities, as
demonstrated in Figure 13.
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Figure 13. Prioritization of wildfire risk reduction actions for residential areas in Macedonia,
Greece. The graph shows the cumulative attainment of multiple priorities when projects are
ranked by their effectiveness in reducing wildfire risk to settlements (Palaiologou et al., 2021).

Postfire Recovery and Ecosystem Restoration

In fire-sensitive ecosystems, fires are severe disturbances that can disrupt ecosystem
processes and hinder recovery. Restoration efforts must focus on building resilience by
promoting nonflammable vegetation, creating fire refuges, and supporting risk reducing
recovery processes (He et al., 2019). Conversely, fire-adapted ecosystems rely on periodic fires
for their ecological functioning. Decades of fire suppression in such systems have created
undesirable conditions, including fuel accumulation and altered fire behaviour (Bond et al.,
2005).

Forests play a vital role in regulating microclimates and hydrological cycles. Old-growth
forests, in particular, are highly effective at cooling landscapes and mitigating extreme heat,
underscoring the importance of preserving forest cover and connectivity (Gohr et al., 2021).
Conversely, practices such as salvage logging can increase fire risk by drying soils and altering
microclimates (Blumrdder et al., 2021).

Fire refugia—areas that remain unburned during fires—are critical for conserving biodiversity
and facilitating postfire ecosystem recovery. These refugia often include wetlands, riparian
zones, and shaded areas with high water retention capacity, which act as sources for
ecosystem recolonization and resilience (Meddens et al., 2018).

Restoration strategies must be tailored to specific ecosystems. For example, boreal forests
benefit from promoting low-severity surface fires, whereas Mediterranean ecosystems
require preserving biological legacies and encouraging natural regeneration (Castro, 2021;
Salesa et al., 2022). In grasslands, integrated fire-grazing models can reduce biomass and
wildfire risk while supporting biodiversity (Bond & Keeley, 2005; Davies et al., 2022).
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Postfire soil management is crucial for ecosystem recovery. High-intensity fires can irreversibly
damage soils, whereas postfire activities such as salvage logging or ploughing exacerbate
erosion and hinder recovery. Effective soil restoration techniques include mulching, log
erosion barriers, and non-intervention scenarios, which promote soil stability and vegetation
recovery (Pereira et al., 2018; Lucas-Borja et al., 2024).

Although salvage logging can have several negative consequences, the removal of damaged
trees after wildfires is a common practice, and in some cases, it can mitigate some social
damage in the affected areas. It can: 1) reduce the risk of blocking and damaging roads or
protective infrastructure in the affected areas, 2) reduce the risk of clogging torrent channels,
which could lead to erosion risks for infrastructure and settlements, 3) facilitate and make
safer the implementation of erosion control measures and reforestation. For this reason, it is
important that any post-fire logging operations are well planned and that nature-based
solutions are preferred in order to maximise the positive impacts over the negative ones.

Summary: Wildfire Risk Reduction: Proactive Approaches

Integrated fire management emphasizes proactive approaches such as prescribed
burning and fuel management to reduce wildfire risk. Restoration strategies focus on
enhancing ecosystem resilience, preserving fire refugia, and promoting natural
recovery processes. Tailored solutions address ecosystem-specific needs, from
grasslands to forests, whereas investments in prevention and restoration complement
suppression efforts to build sustainable, fire-adapted landscapes.

12. Synergies and Trade-offs

Firewise? landscape management has the potential to create synergies while navigating trade-
offs with other land-use approaches. This integration is crucial for fostering positive outcomes,
minimizing land-use conflicts, and promoting resilient ecosystems and communities.
Understanding these dynamics is key to managing landscapes sustainably and balancing
multiple objectives, such as wildfire risk reduction, biodiversity conservation, agricultural
productivity, and social well-being (Sayer et al., 2013; Moreira et al., 2020).

Synergies between Firewise Practices and Landscape Management

1. Agriculture
Firewise practices align with various agricultural activities that reduce wildfire risk. For
example, well-managed grasslands, annual crops, and irrigated croplands act as natural
firebreaks by limiting the continuity of flammable vegetation. These agricultural systems
reduce the risk of fire spread while maintaining productivity (Moreira & Pe’er, 2018).
Introducing payments for ecosystem services (PES) can incentivize farmers to adopt firewise

2 An approach to managing landscapes and communities that reduces wildfire exposure and
vulnerability while maintaining ecological, economic, and cultural value. This includes
promoting fire-resilient vegetation, sustainable land use, and community preparedness. (see
Glossary).
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practices, such as rotational grazing or maintaining fire-resistant field margins, contributing to
overall risk reduction (Lecina-Diaz et al., 2023).

2. Urban and Peri-Urban Planning
Integrating firewise principles into urban planning significantly enhances resilience at the
wildland—urban interface (WUI). Zoning regulations, risk-informed infrastructure
development, and the strategic placement of vegetation buffers reduce the exposure of
settlements to wildfires (Gonzalez-Mathiesen & March, 2018; Intini et al., 2020) (see
chapter8). Additionally, by promoting land use regulation, building standards and community
preparedness programs, urban areas can reduce vulnerability and improve adaptive capacity.

3. Tourism and outdoor recreation
Sustainable landscapes benefit tourism by preserving natural assets and reducing the
disruption caused by wildfires. Fire-resilient landscapes protect vital tourism infrastructure
and natural and cultural heritage, ensuring economic stability for rural areas dependent on
tourism revenues (Molina et al., 2019). Efforts to mitigate fire risk through proactive land use
management can also increase the recreational value of landscapes, attracting more visitors
and generating local income.

4. Biodiversity Conservation
Firewise environmental management can support biodiversity by creating diverse habitat
mosaics. Prescribed burning, for example, can maintain ecosystems that depend on periodic
low-intensity fires, such as Mediterranean scrublands and some grasslands, fostering species
that thrive in such conditions (Pereira et al.,, 2021). By promoting structural diversity and
ecological heterogeneity, fire practices can enhance the habitat quality of various species.

5. Public Health
Reducing wildfire risk directly benefits public health by minimizing exposure to hazardous air
pollutants, particularly fine particulate matter (PM2.5). These pollutants are linked to
respiratory and cardiovascular diseases, which are exacerbated during wildfire events
(Rappold et al., 2019). Proactive fire management reduces the frequency and intensity of
wildfires, mitigating their health impacts.

Trade-Offs and Conflicts between Firewise Practices and Landscape Management

1. Forestry Practices
Monoculture plantations of flammable species, such as Pinus and Eucalyptus, conflict with
firewise principles if poorly managed by increasing fuel loads and fire intensity (Hermoso et
al., 2021). Such plantations also compromise biodiversity and resilience (see section below on
Wildfires: Managing Risks in European Tree Planting Programs). Transitioning to mixed-
species forestry with more fire-resistant trees can reduce risks and enhance ecosystem
services.

2. Residential and Industrial Development
Expanding settlements, infrastructure and industrial areas into fire-prone areas heightens
wildfire risk. Residential areas in the WUI (see chapter 8) often lack sufficient buffers or
defensible spaces, making them highly vulnerable (Planas et al., 2023). Industrial facilities,
especially those involving hazardous materials, exacerbate fire risk and might be the cause of
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wildfires in the case of accidents. Fire-wise land-use planning must prioritize safe development
practices and establish protective measures for these zones (Sudmeier-Rieux et al., 2015).

3. Biodiversity Conservation
Fuel management can conflict with conservation goals when it reduces habitat continuity. For
example, maintaining firebreaks or fuel-reduced zones may fragment habitats critical for
certain species. Balancing these needs requires careful planning to ensure that fire prevention
measures do not disproportionately harm biodiversity (Pereira et al., 2021).

4, Agricultural activities
Some agricultural practices, such as the burning of crop residues, pastoral fires, and the use
of heavy machinery during dry seasons, contribute to wildfire ignition (Moreira & Pe’er, 2018).
Regulatory measures, including restrictions on these practices and incentives for safer
alternatives, are essential to align agriculture with firewise strategies.

5, Prescribed burning
Although prescribed burning is an effective tool for reducing fuel loads, it can negatively
impact air quality and increase resistance in nearby communities (Valké & Dedk, 2021). To
address these challenges, governments must ensure planning and public awareness and
establish clear protocols for safe implementation.

Summary: Synergies and Trade-offs Firewise landscape management fosters synergies
between wildfire risk reduction, biodiversity conservation, agriculture, urban planning, and
public health. This approach minimizes conflicts by integrating forestry, sustainable
agriculture, and spatial planning. Challenges include balancing prescribed burning, habitat
conservation, and afforestation risks.

Wildfires: Managing Risk in European Tree Planting Programs

Forests and trees in diverse settings provide crucial ecosystem services, notably carbon
sequestration, which underpins tree planting as a key strategy for climate change mitigation
(Bastin et al., 2019). Global commitments such as the Bonn Challenge aim to restore millions
of hectares of degraded land by 2030. In Europe, the EU Biodiversity Strategy and Forestry
Strategy for 2030 envision the planting of 3 billion trees, which requires the conversion of 2
million hectares of treeless land into woodlands (Abeli & Di Giulio, 2023).

Challenges of Overprioritizing Tree Planting. Tree-planting efforts often overlook the
ecological value of nonwoody habitats because of "Biome Awareness Disparity," which is
rooted in 19th-century European forestry traditions and postcolonial environmental
governance (Davis & Robbins, 2018; Silveira et al., 2021). This overemphasis on tree planting
has drawn criticism for overestimating short- and medium-term carbon sequestration benefits
compared with those of grasslands and for underestimating adverse effects, including habitat
loss, exotic species invasions, and local livelihood disruptions (Temperton et al., 2019; Terrer
et al., 2020; Silveira et al., 2021). Planting flammable non-native species such as Eucalyptus
and Pinus spp. is also criticised for its contribution to fuel accumulation leading to increased
fire risk (Hermoso et al., 2021).
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Principles for Firewise Tree Planting
To mitigate wildfire risk, tree planting in Europe must follow key principles related to site
selection, stand management, spatial patterns, and species selection:

1. Site Selection, Stand Management and Spatial Pattern
Strategic site selection and stand management are essential for minimizing fire risk and
afforestation should consider the following:

o Agroforestry should be supported, and open woodland vegetation should be protected in
high-fire-risk regions (Moreira & Pe’er, 2018).

o Tree planting should be avoided in areas where native vegetation consists of open
habitats, such as grasslands and (semi)arid zones (Veldman et al., 2019).

o Alternative ecosystems such as grasslands in fire-prone areas should be restored to
provide climate mitigation benefits without increasing wildfire hazards (Hermoso et al.,
2021).

o Manage existing exotic woody plantations to control their spread and reduce flammable
fuel continuity (Brundu & Richardson, 2016; Mirra et al., 2017).

o Manage stand structure and understorey vegetation to decrease flammability, i.e., reduce
the vertical structure of the understorey fuel; reduce the use of ladder fuels to avoid crown
fires; and prescribe burning, pruning, and forest management (Fernandes, 2009, Barros
and Pereira, 2014).

o In continental and boreal regions, maintaining a dense understorey that supports a cool
and moist microclimate reduces fuel flammability

Tree planting should contribute to fire-resilient landscape mosaics, integrating firebreaks,
buffer zones, and varied vegetation structures to minimize fire spread and intensity.
Combining this approach with other land uses, such as agriculture and pasturelands, enhances
ecosystem resilience and reduces fire risk (Moreira & Pe’er, 2018).

2.Species Selection
Biodiversity conservation principles prioritize native species for afforestation, but this is often
not considered by private landowners. The EU Forestry Strategy 2030 allows the conditional
use of nonnative species, raising concerns due to their flammability and ecological risk (Abeli
& Di Giulio, 2023; Potzelsberger et al., 2020). Poorly designed afforestation campaigns often
result in landscapes that are more prone to wildfires, which threatens both ecosystems and
human safety (Fernandes et al., 2016; Veldman et al., 2019).

In general, transitioning from monoculture plantations to landscape mosaics and emphasizing
fire-resistant native species are critical measures to reduce these risks. Native species adapted
to future climatic conditions can be identified through climate niche modelling (Barragan et
al., 2023). Avoiding flammable forest structures and pyrophytic tree species such
as Eucalyptus spp. and Acacia dealbata is important for reducing fuel loads and wildfire
hazards (Guiomar et al., 2023; Brundu & Richardson, 2016). However, species selection alone
cannot sufficiently reduce fire risk, especially in regions with a generally flammable native
vegetation. This highlights the critical role of forest management in wildfire risk reduction
(Fernandes et al., 2019; Guiomar et al., 2023).

39



Enhancing synergies while addressing trade-offs

A holistic, firewise approach can optimize the multifunctionality of landscapes. For example,
combining agroforestry, sustainable forestry, and habitat conservation can deliver multiple
ecosystem services while mitigating wildfire risk (Palaiologou et al., 2021). Tools such as
stochastic fire simulations, multiobjective spatial planning and using faster-than-real-time
models for enhancing fire management operations (Grasso and Innocente 2020) can guide
decision-making to achieve these synergies.

In addition, incorporating payments for ecosystem services, carbon credits, and agri-
environmental schemes can incentivize firewise practices. Such mechanisms can generate
funding streams from diverse sectors, supporting integrated fire management and rural
development.

Finally, addressing wildfire risk requires participatory planning processes that incorporate
local knowledge and community priorities and concerns. Inclusive governance ensures the
equitable distribution of benefits and burdens, particularly for marginalized rural communities
(Maezumi et al., 2024).
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13. Wildfire Risk Reduction—Enablers and Barriers

In previous chapters, we outlined a variety of proactive approaches for managing wildfires
through diverse landscape interventions aimed at reducing fuel loads. These approaches
involve distinct governance models. Direct wildfire prevention involves strategic landscape
fuel treatments, such as mechanical thinning or prescribed burns, which are mostly funded by
public agencies and maintained periodically. Indirect wildfire prevention leverages private,
economy-driven land uses—such as livestock grazing, agriculture, or forestry practices—that
simultaneously reduce fuel loads and create “productive fuel breaks” (Pulido et al., 2023).
These two approaches may be integrated into a smart prevention model, blending public and
private governance to develop “smart fire territories” (Tedim et al., 2016; Pulido et al., 2023).

Direct Prevention: Focused but Costly

Direct prevention is typically planned and implemented by forestry or fire management
departments, often in state-owned forests. Recently, pilot projects have extended these
practices to private stakeholders, including forest owners, with public funding (Ascoli et al.,
2023). However, direct prevention is resource intensive and often short-lived, limiting its
application across large regions. Statewide plans have been proposed to address concerns
about extreme fires, but implementation remains challenging (Ager et al., 2021; Aparicio et
al., 2022).

Fuel reduction efforts, when strategically placed, effectively reduce wildfire spread and
severity, even under severe fire weather conditions (Kalies & Kent, 2016). For example,
thinning and prescribed burning have been shown to significantly lower fire severity in treated
areas (Cansler et al., 2022). However, treatments may become less effective under extreme
wind speeds or high fuel loads (Beverly et al., 2020).

Prescribed burning is increasingly gaining attention in Europe. Long-term projects, such as
pastoral burning in southern France, have resulted in a 35% reduction in average burned areas
and have successfully prevented very large fires (Robios, 2012). Despite these benefits,
challenges such as limited weather windows, regulatory barriers, and cost inefficiencies hinder
widespread adoption. Cost optimization strategies, such as combining prescribed burns with
grazing or utilizing nontimber forest products such as biomass, resin, or mushrooms, could
increase the viability of these treatments (Varela et al., 2018; Solifio et al., 2018).

Southern Europe predominantly focuses on fire management efforts to protect populated
areas and infrastructure. Firebreaks and fuel breaks, while effective, are concentrated in high-
value forest areas and rarely extend to marginal regions (Xanthopoulos et al., 2006). Modelling
studies have highlighted their potential: for south Portugal, fuel breaks reduce burned areas
up to 17% and burn probability between 4 and 31% (Oliveira et al. 2014) while for central
Portugal different fuel treatments reduce the burn are from 12-31% and decrease the
probability of large wildfires by 10-40% (Benali et al., 2021). In Sardinia and Greece, fuel
treatments have demonstrated measurable reductions in wildfire intensity and extent (Salis
et al., 2016; Palagiologou et al., 2020).

Indirect prevention: Harnessing productive landscapes
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Indirect prevention relies on creating productive fuel breaks, which integrate agroforestry,
grazing, or other land uses that reduce fuel loads while providing economic benefits (Pulido
et al.,, 2023). These efforts have proven effective in reducing wildfire size and severity,
particularly in heterogeneous landscapes that combine agriculture, shrublands, and forests
(Damianidis et al., 2020; Bertomeu et al., 2022). Compared with direct prevention, indirect
measures often cover larger areas at lower public costs, generate economic returns, and
encourage stakeholder engagement (Table 2).

Successful examples abound. In Catalonia, Spain, the Ramats de Foc initiative employs
livestock grazing to reduce fuel loads while marketing the meat produced as an ethical product
(Soy-Massoni et al., 2022). Similarly, the LIFE Granatha project in Italy reduced biomass and
shrub cover while creating marketable organic brooms (Ascoli et al., 2023). These initiatives
demonstrate how indirect prevention can align wildfire risk reduction with rural economic
development.

However, legal and administrative barriers often restrict indirect prevention efforts,
particularly in fire-prone and depopulated areas. Regulatory reforms and certification
programs could incentivize private land managers to adopt fire-smart practices (Pulido et al.,
2023).

Table 2. Barriers and Enablers of wildfire prevention approaches (see also Ascoli et al. 2023).

Barriers Enablers

Strategic application relative to fire spread
Straightforward negotiation and implementation
Interventions may help fire suppression

Limited public budget

Hard to implement in private land
Interventions with short-term effects

Excess of limitations for fuel management
according to spatial planning

Regulatory restrictions  to implement
prescribed burns in certain countries

reduction measure

known techniques

Nonstrategic location Low/zero public implementation budget

Increasing awareness of fuel management as a risk

Several fuel reduction options through multiple well-

Lack of resources and skills to undertake
participatory processes

Constrained regulatory framework
Noneconomic viability of some local activities
Lack of investment capacity in rural areas and
low economic value of products

Lack of regulatory mechanisms to involve
beneficiaries of ecosystem services

Complex, private—public governance
Lack of enhancing policy
Limited budget and lack of human resources

Segmentation of competences in wildfire

management
Excess of bureaucracy and administrative
burdens before implementation

Long life span of interventions

Associated co-benefits
Monitoring by landowners
Convergence of multiple
maximizing cost-benefits
Diversity of initiatives adaptable to the complexity of risk

land management goals

Straightforward spatial planning and technical support
provided

Funds potentially accessible from several missions of the
EC Adaptation Strategy

Alignment among risk reduction measures through direct
and indirect prevention

Policy request for integration in disaster risk management

Acknowledgement in EC documents of the need of having
resilient landscapes
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Smart Prevention: Integrated Governance

Smart prevention combines the strengths of direct and indirect approaches through public—
private partnerships. This integrated model has gained traction in recent years, driven by the
alignment of wildfire risk reduction with broader land management goals (Tedim et al., 2016;
Pulido et al.,, 2023). Recent modelling studies highlight the advantages of combining
strategies, showing substantial reductions in suppression costs and improved outcomes (Sil et
al., 2019; Lecina-Diaz et al., 2023; Figure 14).
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Figure 14. Cost-Benefit Analysis of Land-Use Scenarios Over 50 Years.

The present value of wildfire suppression costs, avoided suppression costs and net suppression costs under
various land-use management scenarios (Business-as Usual (BAU), fire-smart, High Nature Value Farmlands —
HNVF-, and HVNF + fire-smart) over a 50-year simulation period (Lecina-Diaz et al. 2023).

Case studies in smart prevention

Several innovative projects across Europe illustrate the potential of smart prevention. The
RAPCA program in southern Spain engages local shepherds to manage fuel breaks via guided
livestock grazing, covering nearly 6,000 hectares under a payment for environmental services
framework (Varela et al., 2018). Similarly, the Plan for Shrub Clearing in La Rioja, Spain, has
created landscape mosaics that significantly reduced burned areas over three decades
(Lasanta et al., 2022; Figure 15).
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Figure 15. Burned area trends before and after landscape mosaic interventions in La Rioja
Average annual burned area per fire in the La Rioja community. The plot shows the temporal pattern before and

after the adoption of fire control approaches based on landscape mosaics (Lasanta et al. 2022).

The MOSAICO project in Extremadura (central-western Spain) takes a participatory approach,
funding local land managers to implement fire-smart strategies. Despite administrative
challenges, the project demonstrated moderate reductions in burned areas, which highlights
the importance of integrating private and public actions to maximize impact (Pulido et al.,

2023; Figure 16).
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Figure 16. Impact of Different Intervention Scenarios on Burned Areas in Extremadura
Top: Mean (£ 95% Cl) burned area in the S0--S4 scenarios from 20 random simulated ignition points.
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SO, control scenario, i.e., business as usual; S1, with private interventions of local land managers; S2,
S1 plus public interventions; S3, S2 plus mixed interventions proposed; and S4, S3 plus interventions
failed mainly due to administrative constraints. Bottom: Map of private interventions carried out by
agriculturalists, shepherds and forest dwellers (mainly resin tappers) in northern Extremadura (central
Spain; Pulido et al. 2023).

Barriers and Opportunities for Improvement

While promising, smart prevention faces significant challenges, including complex governance
structures, limited budgets, and regulatory barriers. Long-term success depends on the
alignment of fire-smart strategies with broader land-use and disaster risk reduction policies.
Increasing awareness among decision-makers and integrating pilot projects into knowledge-
sharing platforms such as FIRELOGUE will be critical for scaling up these efforts
(https://firelogue.eu/).

Efforts to reduce wildfire risk must also address the causes and effects of underlying processes
such as rural depopulation, land abandonment, and climate change through intersectoral
policies. By fostering partnerships between the public sector, private landowners, and local
communities, Europe can develop resilient landscapes that balance wildfire prevention with
economic, ecological, and social objectives.

Summary: Wildfire Risk Reduction—Enablers and Barriers

A multifaceted approach to reduce wildfire risk is essential for addressing the growing
threat of wildfires in Europe. Direct prevention, indirect prevention, and smart
prevention each play a role in creating fire-resilient landscapes. However, their success
depends on overcoming regulatory, financial, and administrative barriers, as well as
fostering collaboration among stakeholders. By integrating these approaches into
cohesive strategies, Europe can mitigate wildfire risk while promoting sustainable land
management.

D. Towards an Integrated Wildfire Policy
Framework

Disaster risk governance involves the interaction of social, political, and administrative actors
to manage hazards, vulnerabilities, and exposures, aiming to reduce risk and mitigate the
impacts of disasters. Building on Kooiman's (2003) concept of governance, this approach
encompasses the actions of governments, the private sector, and civil society across multiple
levels to address emerging challenges effectively (Fra Paleo, 2015). Collaborative, multilevel,
and multiactor systems—spanning local communities to national and multilateral entities—
are key to their success.

In the context of wildfires, governance is often confined to forest departments, with a

predominant focus on suppression rather than integrated, proactive strategies. This reactive
approach overlooks the interconnected nature of hazards, failing to address the interplay
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between wildfire risk and other factors, such as land-use changes, climate change, and
socioeconomic vulnerabilities.

The need for Integrated Wildfire Policies

Wildfires are not standalone events; they represent ecological processes, hazards, and cultural
phenomena interconnected with broader risk. Current wildfire governance often neglects the
multihazard perspective emphasized in the Sendai Framework for Disaster Risk Reduction
(2015—-2030). The midterm review of the framework (UNDRR, 2023) underscores the urgency
of systemic risk management, which considers interactions between multiple hazards.

Fragmented governance and sectoral policies exacerbate wildfire risk. For example, policies
focused narrowly on forest preservation through suppression can inadvertently lead to fuel
accumulation, intensifying future wildfire severity (Collins et al., 2013; Moreira et al., 2020).
Breaking silos to develop integrated and proactive wildfire management approaches is critical.

As stated previously, adopting a landscape approach allows for the integration of ecological,
economic, cultural, and social objectives, balancing synergies and trade-offs among competing
land uses (Plieninger et al., 2020). This perspective aligns with calls to view wildfires as
complex risk problems, necessitating shifts from top-down management to participatory
strategies (Essen et al., 2023; Moritz et al., 2014; Tedim et al., 2020).

Collaborative knowledge coproduction and diverse stakeholder engagement are essential for
fostering adaptive and inclusive fire governance (Stoof and Kettridge, 2022). Lessons from
integrated water management in the Netherlands, which emphasize adaptive management
and stakeholder participation, provide valuable insights for wildfire governance (Lambrechts
et al., 2023).

Sayer et al. (2013) identified principles for landscape approaches that are particularly relevant
to wildfire management, including resilience, stakeholder capacity-building, and participatory
monitoring. These principles form the foundation for integrated wildfire risk governance,
highlighting the need for inclusive, multistakeholder processes.

Advancing Fire Governance: Frameworks and Initiatives

The recently proposed Landscape Fire Governance Framework (LFGF), endorsed at the 8th
International Wildland Fire Conference (8IWFC, 2023), marks a significant evolution from the
FAQ’s 2006 voluntary guidelines for integrated fire management (IFM). The Landscape Fire
Governance Framework emphasizes multistakeholder engagement at the institutional level,
fostering collaboration among governments, businesses, academia, and civil society. Its goals
include improving rural area stewardship, changing fire-related behaviors, and enhancing risk
management to safeguard lives, property, and environmental assets.

Other European initiatives complement the LFGF. For example, the European Forest Institute
and Spain’s Ministry of Ecological Transition have proposed recommendations for
Mediterranean ecosystems (Mauri et al., 2023). These initiatives advocate integrating fire
prevention into cross-sector policies, enhancing financial mechanisms, fostering wildfire
education, harmonizing information systems, and promoting international cooperation.
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Despite these efforts, EU disaster risk management funding remains skewed toward response
rather than prevention and preparedness (World Bank, 2021). Civil protection agencies across
Europe report limited influence over other departments and insufficient resources for wildfire
prevention. Addressing these barriers requires increased investment in prevention, improved
institutional coordination, and capacity building to address systemic challenges.

Public Policies and Risk Analysis

Public policies are foundational to wildfire risk governance, shaping planning, preparedness,
and recovery efforts. Effective wildfire risk management must intersect with climate
adaptation, agriculture, spatial planning, and water management policies. Comprehensive risk
analysis, involving monitoring, inventories, and assessments, is crucial to understanding
wildfire dynamics, identifying vulnerable elements, and informing decision-making processes.

Spatial planning plays a critical role in wildfire risk reduction. By incorporating wildfire risk
assessment into urban, regional, and landscape planning, policymakers can minimize
exposure and vulnerability (Fra. Paleo, 2009) of rural and WUI resident populations and assets
while promoting sustainable development. Such approaches can reduce conflicts between
social and environmental priorities, fostering resilience at multiple scales.

Community Engagement and Fire Literacy

Public perceptions of wildfire risk significantly influence policy decisions. When risks are
underestimated or misunderstood, essential wildfire management measures may face
resistance. For example, prescribed burns or zoning regulations, while effective, can be
politically challenging due to their potential unpopularity (Stedman, 2004). Community-based
training programs can bridge these gaps by raising awareness and fostering preparedness,
equipping residents with practical knowledge about evacuation routes, procedures and home
ignition zone maintenance, which is eventually translated into behavioral change through
mitigation (Brenkert-Smith et al,. 2012).

Fire literacy extends beyond professional expertise to encompass public understanding of fire
behavior, ecological roles, and socioecological dynamics (McGranahan & Wonkka, 2018).
Building a fire-literate society involves integrating fire awareness into school curricula,
community programs, and risk communication campaigns. Reviving fire culture through
education can reduce vulnerabilities, both for local residents and for those travelling as visitors
to fire-prone regions.

Professional training should adopt interdisciplinary approaches, equipping practitioners in
navigating the complexities of integrated fire management. This includes bridging disciplinary
divides, engaging diverse stakeholders, and addressing knowledge gaps in emerging fire
regimes (Stoof & Kettridge, 2022).

Risk communication and inclusive governance

Effective risk communication is critical for fostering public support and understanding of
wildfire management strategies. Policymakers should tailor messages to resonate with diverse
audiences, emphasizing shared values and actionable solutions. Inclusive planning processes
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that engage communities as active participants enhance the legitimacy and effectiveness of
wildfire governance (Milner-Gulland et al., 2014).

Environmental justice considerations are equally vital. Integrating distributional, procedural,
and restorative justice into wildfire governance ensures equity and inclusivity, reducing
conflicts and promoting community buy-in (Fra Paleo, 2015). Justice-oriented frameworks can
guide the development of strategies that balance risk reduction with social and ecological
priorities.

Summary: Towards an Integrated Wildfire Policy Framework

An integrated framework for fire adaptation and literacy in the EU must prioritize
proactive approaches that align with broader disaster risk governance principles. By
fostering fire literacy, engaging communities, and addressing systemic risks,
policymakers can create more resilient landscapes and societies. Coordinated efforts
across sectors and levels of governance, supported by inclusive and justice-oriented
frameworks, are essential for mitigating wildfire risk in the face of a changing climate.

E. What is currently happening in the EU?

14. Emergency response approaches in the EU

Wildfire policies across Europe differ significantly due to variations in fire risk, fire history,
wildfire information and emergency response organizational structures. While the European
Forest Fire Information System (EFFIS) provides a common platform for assessing fire danger,
many countries also maintain their own fire risk systems to guide response strategies,
personnel allocation, and infrastructure readiness (EFFIS, 2024).

During high-fire seasons, wildfire monitoring systems include preposition cameras with
multisensor capabilities, ground teams, watchtowers, and aerial spotting teams equipped
with airplanes or drones. Access infrastructure is a key component of the fire emergency
response. Networks of forest and public roads, often originally built for forestry purposes, are
critical for reaching fire locations. In fire-prone Mediterranean countries such as France,
Greece, Italy, Portugal, Spain, and parts of Croatia and Slovenia, "fire road networks" are well
established (Picman et al.,, 2011; Laschi et al., 2019; Sarazin, 2025). In Central Europe,
countries such as Poland also maintain fire-specific road networks (Bartosz-Sroka, 2019).

Additionally, fuel breaks—areas with a reduced amount of vegetation to slow wildfire
spread—are increasingly adopted alongside road networks. These have been widely
implemented in Portugal, Spain, and parts of France and Italy. Other essential infrastructure
includes water resources for fire suppression, hydrant systems, and logistical hubs such as
heliports for aerial suppression.

For the 2023 wildfire season, the rescEU—a reserve of personnel, equipment and

infrastructure, integrated into the EU Civil Protection Mechanism—wildfire suppression
capabilities include 24 fire response planes, 4 helicopters, and over 400 ground fire personnel
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deployed to Portugal, France, and Greece. These joint resources provide critical support for
managing extreme wildfire events across the EU (European Commission, 2024).

However, the majority of initial emergency response resources for low-intensity wildfires
remain organized at the national or regional level. Fire response teams vary significantly across
member states, ranging from multipurpose units to specialized wildfire response teams found
in countries such as Portugal, Spain, and Italy. In several countries, additional units trained for
remote areas, such as smokejumpers or hotshot crews, crews or hand crews, can be deployed
via helicopters or on the ground (Portugal, Spain, Switzerland, The Netherlands, Norway,
Slovenia). Volunteer teams also play a critical role, particularly in Central Europe, where they
constitute 95-99% of all active fire response units (CTIF, 2024).

Aerial suppression capabilities vary widely across the EU. Southern European countries, which
face greater wildfire risk, tend to maintain state-owned aircraft fleets, including medium- and
large-capacity airplanes. In contrast, Central and Northern European countries rely primarily
on helicopters, which are often operated by the military or the police for multipurpose use.
Private concessionaires or companies increasingly provide aerial suppression services in
countries such as Austria, Italy, Norway, Portugal, and Spain.

15. Wildfire Policies in the EU

Current EU wildfire policies and funding mechanisms primarily emphasize emergency
responses to wildfire prevention, limiting their effectiveness in addressing the root causes of
wildfire risk. Several key EU policies and financial instruments influence wildfire risk reduction,
including the EU Regional Policy (cohesion policy), the Common Agricultural Policy (CAP), and
specific programs such as the European Regional Development Fund (ERDF) and the European
Agricultural Fund for Rural Development (EAFRD). Approximately 90% of EU funding for
forests comes from the EAFRD, with 27% allocated to afforestation, 18% to increasing forest
resilience, and 18% to damage prevention during the 2014-2020 programming period
(Milicevi¢ 2023).

The EU also has other instruments, such as the LIFE program, the Union Civil Protection
Mechanism (UCPM), and the Solidarity and Emergency Aid Reserve (SEAR), which have direct
and indirect impacts on wildfire policy. For example, the UCPM facilitates resource sharing
among member states in disasters, coordinated through the Emergency Response
Coordination Centre. The rescEU reserve, established in 2019, provides additional disaster
response resources.

In terms of information systems, platforms such as the Civil Protection Knowledge Network
(CPKN), EFFIS, and the Disaster Risk Management Knowledge Centre (DRMKC) operate as
information hubs that promote risk analysis and better preparedness. EFFIS supports real-time
wildfire monitoring and postfire damage assessment, whereas DRMKC translates scientific
data into actionable policies (see also Appendix A).

Despite these efforts, EU wildfire risk management is hampered by the lack of a targeted,
cohesive policy framework. Instead, wildfire risk is managed indirectly, disconnectedly, and
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fragmentarily through sectoral policies such as the EU Forest Strategy 2030, the Biodiversity
Strategy, and the Climate Strategy. These strategies often mention wildfires as a secondary
concern rather than addressing them directly. For example, the Biodiversity Strategy
acknowledges fire as a threat to ecosystems but focuses primarily on nature-based solutions
and forest health. Still, recent reports within the EU have given thought to governance issues,
such as the wildfire peer review reports on Greece and ltaly (Arbinolo et al., 2024; Verde et
al., 2024), with both reports calling for cross-sectoral approaches and governance revision,
towards increased dialogue between all relevant stakeholders. While these calls are made for
each reviewed country, the issuance of such recommendations on EU reports could signal
acknowledgment of the need for policy changes on a broader scale.

Challenges to EU Wildfire Policy

The fragmented nature of EU wildfire policies stems partly from regulatory constraints. Article
196 of the Treaty on the Functioning of the European Union (TFEU) limits the EU’s ability to
harmonize civil protection laws across member states. This prevents the formulation of a
comprehensive, integrated wildfire risk management policy. For example, Regulation (EC) No.
1485/2001, which amended earlier Council regulations on forest fire management, primarily
addressed forest fire zoning but lacked the authority to enforce planning mandates.

In addition, the cohesion policy, which aims to promote territorial cohesion, has limited
applicability for wildfire recovery efforts. As Pronto et al. (2023) noted, "Cohesion Policy
funding schemes are suitable mechanisms to finance wildfire prevention, preparedness,
mitigation and adaptation, but less so for recovery."

Some member states with frequent wildfires, such as Portugal, Spain, France, Italy, and
Greece, have developed national wildfire policies. However, the lack of coordinated EU-level
policies creates significant challenges for transboundary wildfires and for Central and
Northern European countries, where wildfires have historically been less of a concern but are
now increasing due to climate change.

Opportunities for Harmonization and Synergies

The EU’s existing strategies, such as the CAP, Climate Strategy, Biodiversity Strategy, and

Farm-to-Fork Strategy, could be better harmonized with wildfire risk reduction principles. For

instance:

e Ecological Corridors: The biodiversity strategy’s goal of increasing landscape connectivity
could inadvertently facilitate fire spread. These corridors could be designed as firebreaks
by avoiding flammable vegetation.

e Urban Greening: Increasing tree cover in cities and peri-urban areas requires the
consideration of fire risk. Restoring grasslands and avoiding highly flammable vegetation
can reduce vulnerability at the wildland—urban interface (WUI).

e Tree Planting Initiatives: The EU’s goal of planting 3 billion trees by 2030 must prioritize
fire-resistant, native species and diverse, multiaged plantations. Afforestation should be
avoided in regions where open habitats are ecologically critical, such as semiarid areas
(Veldman et al., 2019) (see also Wildfires: Managing Risks in European Tree Planting
Programs, in chapter 12).

There are also significant opportunities for reducing wildfire risk through synergies with CAP-
related measures, including the following:
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e Promoting extensive livestock grazing in abandoned areas to reduce fuel loads.

e Agricultural activities in the WUI should be supported to create fire-resistant buffers
around settlements.

e Firewise forest management practices, such as maintaining open woodlands and
agroforestry systems and utilizing understorey biomass for bioenergy, should be
encouraged (Moreira & Pe’er, 2018).

Summary: What is currently happening in the EU?

The EU wildfire response focuses mainly on reactive suppression, with various
approaches across member states. Monitoring systems, road networks, and tools such
as EFFIS support assessment preparedness. EU policies such as the CAP and Biodiversity
Strategy offer potential but lack integration for managing wildfire risk. Harmonizing
these strategies, prioritizing fire-resistant vegetation, and scaling prevention funding
can improve EU-wide risk management

F. What should the EU address in the future?

To prepare for the escalating challenges posed by wildfires, the EU must adopt an integrated approach
that combines proactive and reactive strategies. We list three urgent key messages from our review of
the evidence and propose a toolbox of eight policy options that address both the social-ecological
systems and spatial dimensions of wildfire risk management. The interconnected policy options can be
tailored to specific contexts, reflecting the diverse social-ecological landscapes across the EU. In
Appendix B, we provide successful examples across Europe about projects implementing each of the
eight policy options to provide guidance and inspiration for their wide adoption.

Urgent key messages:

1. Prioritize the Implementation of Climate Mitigation and Land Use Policies
Swiftly implement existing EU climate mitigation and adaptation plans and land use policies to address
wildfire risk intensified by climate change, rural depopulation, abandoned farmland and changing
landscapes. The new Nature Restoration Law should also be swiftly implemented with a particular
focus on European peatland restoration. This is critical for preventing significant carbon loss and
mitigating climate change feedback loops, since peatlands, the most carbon-dense ecosystems on
Earth, store approximately ten times more carbon per hectare than boreal forests do.

2. Incorporating Assessments of Wildfire Risk into Biodiversity and Tree Planting Initiatives
Ensures that wildfire risk scenarios are thoroughly assessed and integrated before the Kunming—
Montreal Global Biodiversity Framework’s 30x30 strategy and the EU tree-planting program are fully
implemented until 2030. These initiatives must be aligned with fire-wise landscape management to
avoid unintended consequences, such as increased fire vulnerability in afforested areas.

3. “Living with fire” - enhance Public Health Interventions and Education on Wildfire Risk
Address the severe health risks posed by wildfire smoke, particularly for vulnerable populations, by
improving preparedness and public health interventions. Elevate awareness through comprehensive
education programs for all ages, fostering a fire-literate society equipped to adapt to the growing
challenge of “living with fire” in Europe.
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Eight EU Policy Options for Long-term Proactive Wildfire Management

Wildfire risk reduction: A systems approach

Policy Option 1: Adopt an Integrated Approach to Wildfire Risk Reduction
Current wildfire policies emphasize fire suppression, a reactive approach that has led to biomass
accumulation, increasing the severity of today's fires. While suppression can mitigate immediate
losses, it is uneconomical in the long term and insufficient for addressing evolving fire regimes, which
are influenced by climate change and increasing fuel loads.
Actions
e Shift from suppression-focused policies to a balanced framework of proactive and reactive
actions.
e Wildfire risk policies should be integrated into broader disaster risk and climate change
adaptation frameworks, adopting a multihazard approach.
e Investments in biomass management strategies should be increased, particularly near high-
risk areas.
e Implement transitional models: prioritize proactive actions in the short term while gradually
reducing reactive measures.
Benefits: Improved policy integration, reduced costs of suppression, and prevention of cascading
hazards linked to wildfires.
Costs: Potential resistance from stakeholders in the fire suppression industry and local communities
concerning perceived security risks.

Policy Option 2: Adopt Nature-Based Solutions (NBSs) for Wildfire Risk Reduction
Nature-based solutions leverage natural processes to address societal challenges while providing
environmental, social, and economic benefits. Ecosystem-based disaster risk reduction (ecoDRR) uses
these principles to mitigate wildfire risk and restore ecosystems after fires.
Actions

e Understorey grazing in forests and woodlands, especially in high-risk areas near communities,

should be promoted.

e Postfire salvage logging should be avoided to minimize soil erosion and compaction.

¢ Implement bioengineering techniques for slope stabilization and erosion control.

e Adhere to the IUCN global standards® on nature-based solutions for project implementation.

Benefits: Biomass reduction, erosion prevention, diversified rural economies, and job creation.
Costs: Resistance to proactive measures due to misconceptions about safety.

Policy Option 3: Embrace the Ecological and Cultural Role of Fire
Fire suppression policies disregard the ecological and cultural significance of fire, which contributes to
biomass accumulation and more severe wildfires. Fire is an integral component of certain ecosystems
and has cultural significance in traditional land management practices.
Actions

e Recognizing the ecological role of fire in specific ecosystems.

e Local communities should be supported in applying controlled burning for e.g. agriculture,

forestry, and biodiversity conservation.

3. https://iucn.org/our-work/topic/iucn-global-standard-nature-based-solutions
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e Prescribed burns should be adopted under planned conditions to manage biomass and
conserve biodiversity.
e Manage wildfires at acceptable levels to minimize harm to non fire-adapted ecosystems and
human settlements.
Benefits: Reduced wildfire intensity, restored ecosystem services, and reconciliation of cultural fire
practices with contemporary management.
Costs: Public concerns about prescribed burning, potential health effects, and resistance to "letit burn"
policies.

Policy Option 4: Build Educational and Risk Communication Capacity
Integrated fire management requires interdisciplinary knowledge and skills that are often absent from
traditional education and professional training. Increasing fire literacy across generations and sectors
is essential for improving awareness, preparedness, and decision-making.
Actions
e Include fire management and landscape fire dynamics into primary, secondary, vocational, and
higher education curricula.
e Foster interdisciplinary training programs for professionals in fire management, combining
engineering, natural sciences, and social sciences.
Benefits: Improved decision-making, greater fire literacy, fewer accidental ignitions, and better
preparedness in emerging fire-prone regions.
Costs: Financial costs of developing and localizing educational materials and adjustments to existing
curricula.

Wildfire risk reduction: A spatial approach

Policy Option 5: Adopt Landscape Management to Reduce Vulnerability
Extensive monocultures and poorly managed landscapes exacerbate wildfire risk. Transitioning to
multifunctional landscapes with mixed land uses can improve fire resistance while supporting
biodiversity, agriculture, and forestry.
Actions
e The use of mosaic landscape structures should be promoted to reduce fuel continuity.
e Foster agroforestry, extensive livestock farming, and rewilding initiatives with large
herbivores.
e Manage biomass through prescribed burn, grazing, and mowing
e Restore degraded ecosystems using native species and create linear fuel breaks along roads
and energy corridors.
Benefits: Fire-resilient landscapes, diversified rural economies, and ecosystem restoration.
Costs: Reduced short-term economic returns for landowners and potential habitat fragmentation.

Policy Option 6: Harmonizing Sectoral Policies to Address Wildfire Risk
Current EU sectoral policies often have unintended consequences that exacerbate wildfire risk. For
example, afforestation under the CAP has led to forest encroachment near residential areas, increasing
exposure to wildfire hazards.
Actions

e Review sectoral policies at all governance levels to assess their wildfire risk implications.

e Promote synergies between policies while addressing trade-offs.

e Strategic environmental assessments are used to evaluate the wildfire risk of national plans

and programs.

Benefits: Avoidance of negative policy spillovers and progress toward integrated, multisectoral wildfire
policies.
Costs: Increased complexity in policy design and coordination.
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Policy Option 7: Reducing urban sprawl and fostering compact urban areas
Urban sprawl amplifies wildfire risk by expanding the wildland—urban interface (WUI). Compact urban
development can reduce exposure while offering co-benefits such as lower carbon emissions.
Actions

e Encourage compact urban planning and reduce urban sprawl into wildfire-prone areas.

e Wildfire risk management should be integrated into urban planning, particularly in suburban

and periurban areas.

e Incentivize fire-resistant construction and vegetation in WUI zones.
Benefits: Reduced WUI vulnerability, safer urban environments, and cobenefits such as emissions
reduction.
Costs: Potential resistance from developers and property price instability with increased social
injustice. Loss of certain ecosystem services in suburban areas.

Policy Option 8: Promotion of Private Sustainable Land Management Practices

Private landowners play a critical role in managing landscapes. However, current practices often fail to
adapt to changing wildfire risk and climate conditions, leaving landscapes vulnerable.

Actions

e Encourage diverse and fire-resistant land use practices in forestry, shrubland, and grassland

management that decrease fire risk.

e Provide incentives for silvicultural techniques that reduce biomass density and diversify forest

composition.

e Foster extensive grazing and mowing to manage grasslands sustainably.

e The insurance sector should be incentivized for supporting firewise landscape management.
Benefits: Reduced fuel loads, biodiversity conservation, and economic opportunities for rural
communities.

Costs: Higher costs may initially occur for sustainable farming and forestry practices, potentially
reducing short-term profitability.
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Glossary

Direct fire prevention
Proactive measures that directly reduce the likelihood of wildfire ignition or spread by
addressing fuels in strategic locations. Examples include mechanical fuel treatments,
prescribed burning, and the establishment of firebreaks and fuel breaks.

Ecosystem-based disaster risk reduction (ecoDRR)
Approaches that seek to reduce the adverse impacts of disasters on vulnerable communities
and countries through nature-based solutions and ecosystem management

Fire danger
The likelihood and potential intensity of wildfires in a specific area are influenced by factors
such as weather conditions, fuel load, fuel moisture, and vegetation type. Fire danger is often
measured via indices such as the fire weather index (FWI).

Fire deficit

The reduced frequency and intensity of wildfires resulting from the exclusion of fires from fire-
adapted ecosystems lead to fuel load accumulation and an increased risk of high-intensity
damaging fires.

Fire prevention
Actions are taken to reduce both the occurrence and negative impacts of wildfires, including
public awareness campaigns, the regulation of fire-prone activities, fuel management, and the
maintenance of infrastructure such as firebreaks.

Fire regime
The characteristic patterns of fire occurrence, frequency, intensity, seasonality, and type in a
given landscape are shaped by natural and human factors that may change over time.

Fire risk and fire risk management

o Fire risk: The probability of a wildfire occurring and its potential impact on ecosystemes,
human lives, and infrastructure. The potential loss of life, injury, or destroyed or damaged
assets that could occur in a system, society or community in a specific period of time are
determined probabilistically as a function of wildfire, hazard exposure, vulnerability to
wildfire, and coping capacity (adapted from the Sendai Framework for Disaster Risk
Reduction).

o Fire risk management: Strategies, plans and actions to reduce fire risk through prevention,
preparedness, response, and recovery measures, integrated across multiple sectors and
scales.
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Fire wise
An approach to managing landscapes and communities that reduces wildfire exposure and
vulnerability while maintaining ecological, economic, and cultural value. This includes
promoting fire-resilient vegetation, sustainable land use, and community preparedness.

Fire suppression
Immediate emergency response to wildfire consists of control and extinguishment, involving
fire response teams, water, equipment, and aerial resources. Fire suppression is a reactive
measure focused on limiting wildfire loss and damage.

Fuel management
The modification of vegetation and organic matter—consisting of its reduction—may serve as
potential fire fuel to reduce the intensity and spread of wildfires. Techniques include thinning,
grazing, prescribed burning, and mechanical removal of biomass.

Indirect fire prevention
Land-use practices that indirectly reduce wildfire risk by promoting economic activities that
limit fuel build-up. Examples include agroforestry, sustainable grazing, and the cultivation of
fire-resistant crops.

Integrated landscape management
A framework for managing landscapes that balances multiple objectives, such as agriculture,
forestry, biodiversity, development, and wildfire prevention. It emphasizes collaboration
among stakeholders to address interconnected challenges.

Integrated fire management
A holistic approach to wildfire governance that combines prevention, early warning,
emergency response and suppression, and soil and vegetation recovery, considering
ecological, social, and economic factors. It integrates wildfire policies with broader climate
and disaster risk management strategies.

Key vulnerable element
Critical components of a landscape or community that are particularly susceptible to wildfire
impact. These include the human population, communities, infrastructure, industry and
energy, biodiversity hotspots, and ecosystem services such as the water supply and air quality.

Landscape fires
Fires occurring in natural or seminatural landscapes, including wildfires and prescribed fires,
that affect vegetation and ecosystems. These fires can be either beneficial or detrimental,
depending on their context and management.

Landscape vulnerability
The susceptibility of a landscape to wildfire impacts is determined by factors such as fuel load,
vegetation type, land use, ecosystem, topography, and climate. Vulnerable landscapes often
have fuel continuity and limited coverage of firebreaks.
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Natech
Natural hazards can trigger technological accidents (Showalter et al., 1994).

Nature-based solution (NbS) solutions that are inspired and supported by nature, which are
cost-effective, simultaneously provide environmental, social, and economic benefits and help
build resilience. Such solutions bring more and more diverse natural and natural features and
processes into cities, landscapes, and seascapes through locally adapted, resource-efficient
and systemic interventions (EC, 2015).

Prescribed burning
A fuel management technique consisting of the intentional use of fire under controlled
conditions to reduce fuel loads, promote biodiversity, or achieve other land management
objectives. Prescribed burns are carefully planned and monitored to avoid unintended
consequences.

Proactive approach
Fire management strategies and actions aimed at preventing the occurrence of fires and
mitigating wildfire risk. These include fuel management, community awareness programmes,
and the adoption of firewise land-use practices.

Salvage logging
Economically motivated practice of logging trees in forest areas that have been damaged by
wildfire or other natural disturbances. The removal of damaged trees after a wildfire to
mitigate ecological or social damage in the affected areas, is not referred as salvage logging in
this document.

Vapour pressure deficit (VPD)

The VPD is the difference between the amount of moisture present in the air and the potential
amount of moisture the air can contain when it is saturated, also expressed as Air Relative
Humidity (RH), offered in weather forecasts.

Wildfire

Unplanned or uncontrolled fires affect vegetation across natural, cultural, industrial, and
residential areas (adapted from FAQ, 2006). It is driven by weather conditions, fuel availability,
and human activity. Wildfires can cause significant ecological, economic, and social impacts.

Wildland-urban interface (WUl)
The zone where natural landscapes meet urban and suburban areas, such as residential areas
adjacent to forests or shrubland. The WUI is particularly vulnerable to wildfires because of the
presence of flammable vegetation, population, assets, cultural and natural heritage,
infrastructure, industry and energy.
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Appendix A: Recent Policy Reports on Wildfires
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contributed to a less severe season in 2024. Link

European Commission (2024): Wildfires: 2023 Among the Worst in the EU in This Century. This
report highlights the severity of the 2023 wildfire season in the EU, discussing the
contributing factors and the implications for future wildfire management. Link

European Commission Joint Research Centre (2023): Forest Fires in Europe, Middle East and
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effectiveness of prevention measures. Link
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Appendix B.

Examples of long-term proactive initiatives show the application of Policy options 1--8. For
each option, the name and geographical location of the initiative are shown together with the
relevant reference.

Policy option 1. Adopt an integrated approach to wildfire risk reduction, combining
proactive and reactive wildfire risk policies, and integrating climate change adaptation

ZIFs Portugal Fernandes & Simdes 2024

AIGPs Portugal https://www.dgterritorio.gov.pt/paisagem/ptp/aigp
Mosaico Spain Pulido et al. 2023

RAPCA Spain Varela et al. 2018

Rioja Spain Lasanta et al. 2022

Ramats de Foc Spain Soy-Massoni et al. 2022

Landa Carsica Italy Ascoli et al. 2023

PRE-FEU/CFAVS Italy https://cfavs.it/it-it/servizi-/

LIFE Granatha Italy Ascoli et al. 2023

Omikron Greece Ascoli et al. 2023

Policy option 2. Adopt nature-based solutions (NBS) approaches for wildfire risk reduction
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AIGPs Portugal https://www.dgterritorio.gov.pt/paisagem/ptp/aigp
Mosaico Spain Pulido et al. 2023

RAPCA Spain Varela et al. 2018

Ramats de Foc Spain Soy-Massoni et al. 2022

Landa Carsica Italy Ascoli et al. 2023

LIFE Granatha Italy Ascoli et al. 2023

Policy option 3. Acknowledge the ecological and cultural role of fire, and being prepared for
living with more frequent fires

Official Program Portugal Davim et al. 2022
LIFE Montserrat Spain Ascoli et al. 2023
LIFE Granatha Italy Ascoli et al. 2023
Piemonte Italy Ascoli et al. 2023
Landa Carsica Italy Ascoli et al. 2023

Policy option 4. Build educational and risk communication capacity to increase wildfire
awareness and preparedness across generations in urban and rural populations, and across
science, policy, and practice

Kythira project Greece Mauri et al. 2024
ONF France https://hal.science/hal-04152846v1
Official program France Mauri et al. 2024, https://agriculture.gouv.fr/

Policy option 5. Adopt landscape management to reduce vulnerability to wildfire

ZIFs Portugal Fernandes & Simdes 2024

AIGPs Portugal https://www.dgterritorio.gov.pt/paisagem/ptp/aigp
Mosaico Spain Pulido et al. 2023

RAPCA Spain Varela et al. 2018

Rioja Spain Lasanta et al. 2022

Ramats de Foc Spain Soy-Massoni et al. 2022

Landa Carsica Italy Ascoli et al. 2023

PRE-FEU/CFAVS Italy https://cfavs.it/it-it/servizi-/

LIFE Granatha Italy Ascoli et al. 2023

Omikron Greece Ascoli et al. 2023

Policy option 6. Harmonize the current sectoral policies to reduce wildfire risk

AGIF ‘ Portugal | https://www.agif.pt/

Policy option 7. Reduce urban sprawl and foster compact urban areas through urban and
regional planning to reduce risk

PPU Barcelona Spain https://www.diba.cat/es/web/incendis/ppu)

PDPFCI Gard France https://www.gard.gouv.fr/Media/Files/Guide-de-
normalisation-des-interfaces-amenagees2

Policy option 8. Foster the adoption of private sustainable management practices to
decrease landscape vulnerability
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AIGPs Portugal https://www.dgterritorio.gov.pt/paisagem/ptp/aigp
Mosaico Spain Pulido et al. 2023

CPF Spain Ascoli et al. 2023

PRE-FEU/CFAVS Italy https://cfavs.it/it-it/servizi-/

Pratomagno Italy Ascoli et al. 2023

Omikron Greece Ascoli et al. 2023
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