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management remains largely neglected. Building on the notion that risk emerges at the inter-
section of hazard, exposure and vulnerability, we conduct an integrative literature review to
identify the most significant socioeconomic drivers of wildfire risk in the European geographical
and institutional context and bring this together with the Shared Socioeconomic Pathways (SSP)
perspectives on plausible socioeconomic dynamics. To our knowledge, this is the first study to
bridge the gap between wildfire research and socioeconomic scenarios to establish a conceptual
understanding of future wildfire risk. The resulting wildfire risk scenario space has two main
applications: (i) it acts as a qualitative navigator for factoring socioeconomic uncertainty in
model-based wildfire risk assessments, and (ii) it sets the boundary conditions for evaluating the
feasibility of management strategies. Sustainable land use practices and profitable agricultural
value chains can reduce future wildfire risk (e.g. SSP1), whereas land degradation (e.g. SSP4), and
socioeconomic disparities (e.g. SSP3) may increase it. As a result, challenges to future wildfire risk
management differ significantly across scenarios, leading to paradoxical situations. In scenarios
where vulnerability reduction has significant potential to lower risk, socioeconomic challenges
reduce the feasibility of implementing the necessary measures to achieve risk reduction. Similar
dilemmas may arise in the context of hazard and exposure. By considering multiple plausible
futures, this paper emphasizes the importance of accounting for socioeconomic dynamics in
shaping wildfire risk and keeping the design of risk management strategies open and flexible in
the face of changing circumstances.

1. Introduction

Through this century, hotter and drier conditions across Europe have led to more intense and long-lasting fire seasons, with
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wildfires' raging through cultural heritage and Natura2000 habitats (JRC, 2022), continuing to threaten lives and causing economic
losses in the billions (Rego et al., 2018). While wildfires have long been considered integral to Mediterranean ecosystems (Pausas &
Vallejo, 1999), with increasing frequency and intensity, they are now seen as a potential threat to the very existence of these habitats
and the socioeconomic systems inextricably connected with them (Faiola & Labropoulou, 2023).

Considering future climate change, studies estimate an increase in fire occurrence and burned area for Southern Europe, especially
under high warming levels, while expanding areas with low fuel moisture, pushing regions with moderate fire danger, i.e. a moderate
likelihood for damaging fires to occur, further north (de Rigo et al., 2017). Despite increased investment in fire suppression” infra-
structure, the increase in fires characterized by high intensities and high rates of spread (San-Miguel-Ayanz et al., 2013; Tedim et al.,
2018) exhaust suppression capacities and create bottlenecks in the deployment of firefighting resources (OECD, 202.3). This has raised
concerns about the efficacy of holding on to what is referred to as ‘zero fire policy’, which prioritizes fire suppression, largely ignoring
other approaches to risk reduction (Bacciu et al., 2022). Persisting with current management approaches focused on suppression and
the restoration of burned settlements may lead to significant residual risk, especially in extreme wildfire situations (McWethy et al.,
2019).

In addition to climate-driven changes to wildfire hazard, socioeconomic processes play a critical role in shaping wildfire risk
(Lambrou et al., 2023). While studies focus on changes in fire occurrence and burned area under different climate scenarios, they
largely disregard the complex and contemporary role (Essen et al., 2022) of socioeconomic dynamics and their impact on land use
change, resource and vegetation management (de Rigo et al., 2017; Dupuy et al., 2020). This creates uncertainties regarding the long-
term role of anthropogenic processes and the reliability of projections under various policy scenarios relevant for decision-making
process (Dupuy et al., 2020). Bryant & Westerling (2014) demonstrated that in California, future changes in wildfire risk due to
population growth, vegetation changes, and housing values have a greater impact on residential wildfire risk than variations in climate
scenarios, highlighting the importance of considering socioeconomic factors in managing fires.

We address this gap by integrating empirical evidence on the socioeconomic drivers determining European wildfire risk, and
establishing a conceptual understanding of the dynamics shaping European wildfire risk, by building on the notion that risk emerges at
the intersection of hazard, exposure and vulnerability (IPCC., 2022). To our knowledge, this study presents a novel approach by
conducting a review of recent literature to identify socioeconomic drivers of wildfire risk, which are then combined with relevant
elements of the Shared Socioeconomic Pathways (SSP) literature to formulate plausible socioeconomic scenarios of future European
wildfire risk. This aims to inform the integration of socioeconomic uncertainty in model-based wildfire risk assessments, going beyond
climatic factors to highlight the interplay between socioeconomic processes and risk. This should help inform the design of future
wildfire risk strategies.

Scenario analysis has become an integral tool in climate change research, using narratives to analyze and communicate climate
impacts and adaptation (Ara Begum et al., 2022). Scenarios consider uncertainties in future dynamics (Kwakkel et al., 2010) and their
long-term implications (Ebi et al., 2014; Riahi et al., 2017), supporting robust adaptation planning and strategy assessment (Haasnoot
et al., 2012) (e.g. UK flood risk management under the Thames Estuary, or the Dutch Delta Programme (Bloemen et al., 2018)). With
the first set of scenarios developed for assessing environmental change over two decades ago (Alcamo, 2001; Kok et al., 2007), sce-
narios have since evolved into global, national and local tools in climate change research (Rounsevell & Metzger, 2010). The global-
scale SSPs are now widely used by the community, outlining potential trends in socioeconomic development throughout the 21st
century through qualitative narratives (O’Neill et al., 2017) and quantitative projections (e.g., Dellink et al., 2017; Jiang & O’Neill,
2017; Riahi et al., 2017). SSPs were designed for broad applicability across sectors and geographic scales (Kok et al., 2019) and
embody adaptation challenges, arising from societal or environmental conditions at any given level of climate change (O’Neill et al.,
2014, 2017). Global SSPs have been adapted for regional and sector contexts, such as agriculture-focused SSPs for Europe (Mitter et al.,
2020), West Africa (Palazzo et al., 2017) and Finland (Lehtonen et al., 2021). SSPs have also been extended to define possible futures
for the global forest sector, accounting for uncertainties regarding land-use regulation, demand and supply-side changes, yet dis-
regarding disturbances such as fires (Daigneault et al., 2019). The European-specific SSPs (EUR-SSPs) by Kok et al. (2019) and the
detailed European agriculture and land use futures (Eur-Agri-SSPs) (Mitter et al., 2020) form the basis for the wildfire risk scenarios
developed in this study. Building on and extending on this literature, this study uses the SSP framework, to align with and be applicable
to the broader climate research community.

By bringing together wildfire risk with the broader literature on the use of socioeconomic scenarios in climate research, this work
aims to bridge the gap between two highly related, yet largely disconnected, strands of literature. With a significant share of burnt area
in Southern Europe®, we draw on the experience and published work on these countries. However, recent decades have seen an in-
crease in wildfire hazard conditions across Europe, extending into western, central, as well as northern regions (Bednar-Friedl et al.,
2023). Authors have highlighted significant wildfire challenges in central and northern European countries (Stoof et al., 2024), with
worse to come (Arnell et al., 2021; Forzieri et al., 2021). Therefore, our study adopts a European-wide perspective, aligning with the
available scenario descriptions about alternative socioeconomic futures in Europe (Kok et al., 2019; Mitter et al., 2020). EU-wide
policies on climate change, forests and landscapes play a critical role in shaping European wildfire risk and adaptation strategies,

1 In this paper, the terms fires and wildfires are used interchangeably to refer to unplanned landscape fires. Wildfires are also known as forest fires,
bushfires and veld fires, among other terms.

2 ‘Suppression involves extinguishing a wildfire, preventing or modifying the movement of unwanted fire, or managing a fire when it provides
benefits like vegetation reduction or improved wildlife habitat.” https://www.doi.gov/wildlandfire/suppression (last access: 19.06.2024).

8 https://www.eea.europa.eu/data-and-maps/daviz/burnt-forest-area-in-five-4#tab-chart_5(last access: 19.06.2024).
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underscoring the relevance of a European focus. Relevant initiatives under the European Green Deal®, such as the Biodiversity Strategy
for 2030° and the New EU Forest Strategy for 2030°, influence country-level land management and biodiversity conservation efforts,
determining future wildfire risk and prominent management approaches (EC DG Env, 2021). National approaches for wildfire pre-
vention and post-fire restoration are also determined by the Common Agricultural Policy” and the European Structural and Investment
Funds (EC DG Env, 2021). While this paper focuses on the European scale, the proposed approach should be transferable to other
regional contexts.

This paper is structured as follows. The next section introduces the definitions of wildfire risk, hazard, exposure, and vulnerability
and categorizes common approaches for wildfire risk reduction. Section 3 outlines the methodological approach. Section 4 presents
results from the review of recent literature and section 5 evaluates future wildfire risk using the qualitative directions provided by the
SSPs and describes implications for management. Section 6 discusses and concludes.

2. Conceptual framing and current wildfire risk management

As a climate-related impact, wildfires occur against the backdrop of socioeconomic change (O’ Neill et al., 2022). Throughout this
paper, socioeconomic is used as an umbrella term for “a wide range of aspects of societal, or more broadly, socioecological systems”,
including “demographic, political, social, cultural, institutional, life-style, economic, and technological aspects, and the conditions of eco-
systems and ecosystem services that have been affected by human activity such as air and water quality, biodiversity, and ecosystem form and
function”, and explicitly exclude “conditions related to future climate change itself’ (O’Neill et al., 2014, p.390). Thus, we consider the
impact of regional socioeconomic dynamics on wildfire risk, independently from global changes in the climate system. We define a
dynamic socioeconomic system as one that evolves over time, through changing and interacting variables.

2.1. Defining wildfire risk

This work builds on the notion that climate risk, or in our context, wildfire risk, results “from the dynamic interactions between
climate-related hazards with the exposure and vulnerability of the affected human or ecological system” (IPCC, 2022, p.132).

Determined by natural and anthropogenic processes, wildfires can be considered socio-natural hazards®. We define wildfires as
unplanned landscape fires with the hazard coming from both the heat and flames of the fires and from the smoke they generate. For
details on how fires spread and cause damage from flames, embers spotting ahead of the fire, and radiant heat see Sullivan (2017), for
health impacts of smoke, see Gould et al. (2024). Most wildfires occurring across Europe are small in terms of burnt area and intensity,
with only a small fraction exceeding local firefighting capacities (San-Miguel-Ayanz et al., 2013). Yet, these fires that are “rare at a
particular place and time of year” (IPCC, 2022, p.2908), cause severe socio-economic and ecological impacts in the areas affected (Tedim
et al., 2018).

The second, and location-specific dimension of wildfire risk, exposure, refers to the “the situation of people, infrastructure, housing,
production capacities and other tangible human assets located in hazard-prone areas.”. The IPCC, 2022 (p.2908) goes beyond tangibles,
mentioning also the presence of “livelihoods; species or ecosystems, environmental functions, services and resources”, as well as “cultural
assets”.

The third dimension of wildfire risk, vulnerability, is a socially constructed concept, changing with time and across communities
and individuals (Jurgilevich et al., 2017; Kienberger et al., 2013). Following the UNDRR, vulnerability is understood as “the conditions
determined by physical, social, economic and environmental factors or processes which increase the susceptibility [...] to the impacts of haz-
ards”.'” Research commonly assesses vulnerability to climate impacts or extreme weather on one-dimensional determinants (e.g.
wealth & income (Hallegatte et al., 2020; Tasri et al., 2022), health (Chan et al., 2019), gender (Rahman, 2013), education (Muttarak &
Lutz, 2014)), at the risk of disregarding the interactions among them (Versey, 2021). Originating from the work of Crenshaw (1989) in
the field of black feminist and civil rights research, the concept of intersectionality can provide a more nuanced understanding of social
vulnerability (Kuran et al., 2020). Spreading beyond ethnicity and gender, intersectionality has become established as a valuable
concept for studying climate vulnerability (Kaijser & Kronsell, 2014), avoiding binary categorizations and enhancing understanding of
the causes, and co-existence and synergisms, of multiple types of vulnerability (Kuran et al., 2020). This emphasizes the multidi-
mensional and context-specific nature of vulnerability and the inability to capture it in a single or static measure (Thomas et al., 2019).

However, rather than considering vulnerability from the perspective of the individual, this paper considers the vulnerability of

4 European Commission (2019), COM(2019) 640 final https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2019%3A640%3AFIN
(last access: 19.06.2024).

5 European Commission (2020), COM(2020) 380 final https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380 (last ac-
cess: 19.06.2024).

6 European Commission (2021), COM(2021) 572 final https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021DC0572(last
access: 19.06.2024).

7 European Commission (2020), Common Agricultural Policy for 2023-2027 https://agriculture.ec.europa.eu/system/files/2022-12/csp-at-a-
glance-eu-countries_en.pdf (last access: 19.06.2024).

8 UNDRR (2022a), Terminology—Hazard [Online post]. https://www.undrr.org/terminology/hazard (last access: 22.07.2019).

© UNDRR (2022b), Terminology—Exposure [Online post]. https://www.undrr.org/terminology/exposure (last access: 22.07.2024).

10 UNDRR (2023), Vulnerability. In UNDRR Terminology. https://www.undrr.org/terminology/vulnerability (last access: 22.07.2024).
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communities or groups of people sharing similar characteristics relevant to their vulnerability. This may include but is not limited to
place-specific characteristics. We acknowledge that this insufficiently accounts for the heterogeneity of individual vulnerability to
wildfires but is what can be achieved given the available SSP descriptions.

Fig. 1 illustrates wildfire risk, located in the intersection of hazard, exposure and vulnerability. Throughout this paper we refer to
hazard, exposure and vulnerability as the dimensions of risk, or risk dimensions. Socioeconomic changes reshape each risk dimension
over time, increasing or decreasing the overall level of risk.

2.2. Towards a risk-based approach to managing wildfires

European countries have responded to increasingly severe fire seasons by stepping up their emergency preparedness and response
capacity (OECD, 2023). This includes a pledge to double the EU firefighting fleet to increase transnational suppression infrastructure
(European Commission, 2023). Hazard reduction initiatives are fostering fire resilient landscapes (Ascoli et al., 2023), by restoring
peatlands, implementing fuel breaks and supporting vegetation management (OECD, 2023).

Traditional practices used fire as a land management tool, which also reduced wildfire hazard (Vazquez-Varela et al., 2022). While
the abandonment of land and tradition has led to a discontinuation of these practices in parts of Europe (Quintas-Soriano et al., 2022),
they have now been re-introduced for a range of reasons including heritage, landscape aesthetics and biodiversity, as well as for being a
practical way managing fire hazard (Vazquez-Varela et al. 2022). Economic incentives, such as subsidies for farmers for the provision
of environmental services support the economic viability of such approaches (Wunder et al., 2023). Tweaking current practices in fuel
management and landscape resilience may help to partially overcome potential limits to adaptation to extreme wildfire risk. Yet, the
effectiveness of such approaches is increasingly debated for a future facing unpredictable fire behavior and longer more severe fire
seasons (Eriksen et al., 2021; McWethy et al., 2019; Tedim et al., 2018).

Exposure-focused risk management approaches require the integration of wildfire hazard information with land-use decisions, to
prohibit construction in areas where protection is impossible (Kocher & Butsic, 2017; OECD, 2023). However, high demand for
residential areas and for tourism and recreation increases formal and informal expansion into fire-prone areas (Blandford, 2019). In
these circumstances, wildfire risk reduction needs to include alternative ways for post-fire recovery, as returning the system to its
condition before the wildfire occurred is becoming unsustainable (Schumann et al., 2020). This constitutes a fundamental change in
dealing with wildfires. Instead of rebuilding destroyed assets as they were before, exposure-focused approaches acknowledge fires as
natural phenomena, and actively account for this in zoning, infrastructure planning and management (McWethy et al., 2019). While
the opportunity for such transformational approaches commonly presents itself during rebuilding decisions after a major event
(Schumann et al., 2020), an emphasis on proactive adaptation, rather than recovery, may be more effective in mitigating the loss and
suffering from wildfires (Moritz et al., 2014; Rego et al., 2018). This would require institutional efforts on land-use regulation (Montiel
Molina & Galiana-Martin, 2016) and the establishment of asset-protection zones for emergency response (Rego et al., 2018).

An understanding of vulnerability and its links to local social, institutional and economic factors is key to wildfire risk adaptation
(Rego et al., 2018). The transformation towards effective wildfire risk adaptation in an uncertain future will have to acknowledge and
address underlying social and economic conditions determining differential vulnerabilities in the context of wildfires (McWethy et al.,
2019; Schinko et al., 2023). In turn, this would require a shift towards a more inclusive and transparent engagement of those groups
most at risk to work towards an even distribution of risk (Essen et al., 2022). During recovery and adaptation, insurance can serve as a
solidarity mechanism (Schinko et al., 2023), yet, increasing wildfire occurrence is compromising insurance availability or affordability
(OECD, 2023), threatening livelihoods and raising issues of asset stranding (Caldecott et al., 2021).

Hazard

Wildfire

Fig. 1. Wildfire risk as the interaction between hazard, exposure and vulnerability. Illustration based on the risk framing in O’Neill et al. 2022,
Figure 16.1. Arrows between wildfire risk and hazard, exposure and vulnerability indicate the socioeconomic dynamics determining the size of each
risk dimension and the impact on shaping risk. Green arrows illustrate that risk can be reduced from measures encompassing all risk dimensions.
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Fig. 1 illustrates the importance of considering each wildfire risk dimension by means of hazard-, exposure- and vulnerability-
focused approaches of risk management. Moving away from the hazard-centered approaches currently dominating the European
wildfire risk management landscape is indispensable for reducing risk. This is especially the case when risk is determined to a sig-
nificant extent by the socioeconomic drivers of exposure and vulnerability.

3. Methodology
3.1. Identifying the socioeconomic drivers of European wildfire risk

To identify the socioeconomic dynamics determining European wildfire risk, we reviewed and synthesized the representative
literature on the underlying drivers of wildfire risk by means of an integrative review (Torraco, 2005) of published peer-reviewed and
grey literature. Integrative reviews synthesize the current state of knowledge on a topic, abstracting broader themes (Cronin & George,
2023).

For a first set of relevant literature, we developed a query that contained risk drivers as categorized in O’Neill et al. (2022,
Pp-2421-2422): demographics, socioeconomic development including inequalities and ecosystem degradation. Also, the query accounted for
the climate impact in question and the geographical location of interest. We included Europe, the EU and five European countries
explicitly (i.e. Spain, Greece, Italy, France, Portugal), as they accounted for a significant share of burnt area across Europe (e.g. 92 % of
the 2017 burnt area in Europe was in these countries) (EEA, 2021). Thus, we expect a significant share of research on these regions. We
allowed for flexibility in the wording and accounted for words commonly used synonymously. As our analysis is forward-looking, we
have restricted our search query to include work published after 2012, to capture current and relevant dynamics related to wildfire
occurrence in the last decade or two. The final search query used in SCOPUS is indicated in Fig. 2.

A total of 825 search results were screened based on their title and abstract, of which 16 were identified as suitable to be included
for full-text analysis (see appendix A for a full list). The screening was split between the two authors, with an immediate check of the
complete manuscript in case a document seemed relevant based on the title and abstract. Once a suitable document for full-text
analysis was identified, the authors discussed the implications of the socioeconomic drivers mentioned on determining wildfire
risk. Given the integrative nature of the review, this iterative exchange on identified drivers helped the authors identify relevant
aspects and perspectives on the topic to inform the identification of additional literature and synthesis of findings.

For the analysis, the focus was put on empirical research of past events, excluding modelling studies and projections of future
conditions, as these are based on ex-ante knowledge of relevant dynamics, without adding novel aspects regarding the underlying
drivers themselves. Book chapters and conference contributions were not considered. Also, studies focusing primarily on impact
assessment, management or recovery were excluded.

After a first screening and identification of drivers, suitable pieces of grey literature (OECD, 2023; Rego et al., 2018) were identified
focusing on policy documents offering a broader perspective on European wildfire risk, to ensure that no significant drivers are
overlooked. Based on the literature cited in these reports and the sample identified via SCOPUS, additional sources were added by
means of backward induction, strengthening the evidence on relevant aspects mentioned in this first selection of documents (see
appendix A for a full list).

The documents identified as relevant were imported as whole-text PDFs into Zotero. Within Zotero, relevant sections were high-
lighted and grouped according to their relevance to the driver categories: demographic, socioeconomic development including in-
equalities, and ecosystem degradation. These highlighted sections were then further coded by the authors to identify common topics
within each category.

3.2. A common understanding of possible socioeconomic futures — The SSPs

With SSP narratives covering dynamics in demography, economic development, inequality and socioecological interactions, they
offer a well-suited background for discussing plausible dynamics for the drivers of wildfire risk identified.

In SSP1, throughout this paper referred to as Sustainable development, effective environmental policies together with rapid tech-
nological and economic progress and low inequalities foster sustainable lifestyles (Kok et al., 2019). These environmental policies are
in contrast to SSP5, referred to as Fossil-fueled development, where rapid technological and economic progress is supported by carbon-
based fuels and environmental concerns have low priority (Kok et al., 2019). Low economic development and high levels of conflict
and regional rivalry prevail across Europe in SSP3 (Rivalry) with low levels of human capital investments and severe ecosystem failures
(Kok et al., 2019). In SSP4 (Inequality), European society is fragmented with a low-income majority working in a low-tech labor-
intensive economy, contrasted with a powerful business elite pushing towards high-tech solutions to solve environmental problems
(Kok et al., 2019). Table A1 lists the key elements relevant in the context of wildfire risk for each scenario. In the absence of exhibiting

TITLE-ABS-KEY ( ( demograph* OR socioeconomic OR societal OR economic OR inequal*
OR ecosystem* OR biodiversity ) AND ( driver* OR determinant* OR dynamic* OR factor* )
AND ( wildfire OR forest AND fire ) AND ( europe OR eu OR mediterranean OR spain OR
greece OR italy OR france OR portugal ) ) AND PUBYEAR > 2012

Fig. 2. Scopus search string.
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any distinctive trend with all elements changing only moderately, or as Kok et al. (2019, p. 645) put it, “lacks its own ‘identity’”, we
consider SSP2 as a consistent reference scenario in which Europe remains on established paths, referred to as More of the same.

3.3. Bringing together wildfire risk drivers and the SSPs

In a first step, the drivers of wildfire risk identified during the literature review were categorized following O’Neill et al. (2022) into
demographic factors, socioeconomic development (including inequalities) and ecosystem degradation. Next, these drivers were
aligned with the three dimensions of wildfire risk based on their interaction with risk dimensions.

Subsequently, the identified wildfire risk drivers were matched with the relevant SSP dynamics, using appropriate SSP extensions
to develop wildfire risk narratives contextualizing plausible scenarios of future wildfire risk. The EUR-SSPs developed by Kok et al.
(2019) break down governance, social and economic aspects of the SSPs into the European context. For land use changes, we referred
to qualitative indicators provided in Mitter et al. (2020) and Popp et al. (2017) (assuming Europe follows the description for high
income countries). For indicators on human capital development and institutional support, we use Kok et al. (2019), as well as Mitter
et al. (2020), with a focus on rural communities and the farming population. Directions and characterization of urbanization and land
use regulation are provided in O’Neill et al. (2017) (assuming that Europe follows the descriptions for rich OECD countries).
Throughout this paper, we focus on qualitative indicators to suggest possible directions, rather than quantifying trends.

To visualize future wildfire risk under different SSPs, we adjusted the risk propeller introduced in Fig. 1. Based on the qualitative
directions from the combination of socioeconomic drivers and SSPs, each dimension is scaled up or down proportionally. This modifies
the size of the intersection of hazard, exposure and vulnerability, resulting in a different risk level in each scenario.

4. The socioeconomic drivers of European wildfire risk
4.1. Demographics

Based on the literature review, we find that demographic trends significantly shape European fire hazard (Rodrigues et al., 2020).
The abandonment of rural areas has increased landscape flammability by expanding shrubland and forest areas (Ganteaume et al.,
2013; Nunes & Lourenco, 2017), connecting fuel loads and reducing landscape heterogeneity (Ascoli et al., 2021; Sil et al., 2019). This
homogenization also leads to a loss in biodiversity and ecosystems (Quintas-Soriano et al., 2022). The main determinants of rural
depopulation in Europe include lack of land governance (Spadoni et al., 2023) and unprofitable value chains for agriculture and
forestry sectors (Rego et al., 2018). Viedma et al. (2015) note a shift from the abandonment of remote, less productive lands until the
1990s, to the abandonment of farms with low mechanization levels and with land-holders older than 55 years.

Rural abandonment has left ageing populations in villages and communities (Nunes & Lourenco, 2017; Rodrigues et al., 2022) with
a false sense of security, who although experienced in living with fires, nevertheless underestimate changing fire intensities from land
use change and climatic drivers (Rodrigues et al., 2022). At the same time, rural depopulation has affected local interactions and
relationships (Uyttewaal et al., 2023), reducing levels of social cohesion from losing relationships with neighbors (Rodrigues et al.,
2022; Uyttewaal et al., 2023). This increases vulnerability of the population residing in fire prone areas.

Unlike farmland abandonment, recent decades have seen the expansion of human settlements into areas covered by flammable
natural vegetation, known as the wildland urban interface (WUI) (Colantoni et al., 2020), increasing the exposure of people and assets.
Fires in these areas cause significant damage to and loss of private property, especially where human settlements and natural vege-
tation intermingle (Ganteaume et al., 2021; Vacca et al., 2020). Poor land-use planning has left parts of the urban-rural interface with
scattered and sparsely clustered buildings among shrubby vegetation, prone to high-intensity fires (Beltran-Marcos et al., 2023),
particularly informal structures without permits. During the 2018 Mati wildfires in Greece, assets without building permits amounted
to a significant share of building losses (Blandford, 2019; OECD, 2023). Also, unclear zoning and outdated hazard maps have
contributed to settlement expansion into flammable landscapes, increasing exposure (OECD, 2023; Triantis, 2023).

4.2. Socioeconomic development including inequalities

As commonly raised in disaster risk management and development studies, risk is determined to a significant extent by socio-
economic status (Cutter et al., 2003; Hallegatte et al., 2020), including the context of wildfires (Preston et al., 2009). Empirical ev-
idence for Europe is associating socioeconomic inequalities such as rural poverty, aging, financial deprivation, unemployment and
deregulated urban expansion with fire ignition, intensity and frequency (De Diego et al., 2023; Ferrara et al., 2019), increasing wildfire
hazard. In some rural areas, the lack of preparation and awareness, poor risk literacy and lack of competences among authorities
(Rodrigues et al., 2022) further contributes to fire risk by increasing the vulnerability of exposed communities.

In addition, institutional factors such as insufficient infrastructure development and in rural areas, incomplete land cadasters and
land management conflicts are contributing to wildfire risk, by impeding the implementation of effective prevention policies (Skulska
et al., 2020) fostering a reduction of exposure to damaging fires. A recent review by Lambrou et al. (2023) emphasizes the role of
insufficient financial resources in exacerbating wildfire vulnerability in the absence of effective institutional support during response
and recovery among the communities with low coping capacities.

Wildfire exposure is particularly high in rural economies (Rodrigues et al., 2023). When fires burn permanent crops such as olive
orchards (Stougiannidou & Zafeiriou, 2021), or commercial forests (Alcasena et al., 2016) decades of revenue streams are lost, dis-
rupting farm livelihoods and creating vulnerability among the affected population.
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4.3. Ecosystem degradation

The literature also points to the relevance of ecological trends in determining wildfire risk. The replacement of natural vegetation
with extensive monocultures of highly flammable non-native species alters wildfire hazard (Gomez-Gonzalez et al., 2020; OECD,
2023). This has been observed in Portugal, where large-scale commercial eucalyptus plantations (Rego et al., 2013) have reduced
landscape heterogeneity, fueling the occurrence of large scale fires (Barquin et al., 2022).

In addition to plantations for commercial objectives, large scale afforestation programs for biodiversity conservation, or the
enhancement of carbon sinks (Anderegg et al., 2020; Gomez-Gonzdlez et al., 2020) are increasing landscape connectivity and fuel
availability, facilitating extreme fires (Duane et al., 2021; Hermoso et al., 2021). This may become an important driver of European
wildfire risk, as the objectives of current and future EU climate or biodiversity regulations may foster an increase of flammable fuel
loads.

4.4. Drivers in the context of hazard, exposure & vulnerability

Table 1 generalizes the drivers identified in 4.1-4.3 into broader categories relevant in the context of European wildfire risk. Based
on the mechanism through which each of the drivers discussed above is affecting wildfire risk, we differentiate between their relevance
with respect to hazard, exposure and/or vulnerability. For further detail on the interaction between the drivers with the relevant
wildfire risk dimension, see Table B1 in the appendix.

We see that hazard interacts with all drivers mentioned, with a large body of literature emphasizing the role of land abandonment
and vegetation change on landscape flammability and thus, wildfire risk. With literature commonly highlighting the human influence
on climate-induced risks on the dynamics of exposure and vulnerability (O’Neill et al., 2022), this well-established link between
wildfire hazard, human landscape management and fire ignition, adds complexity to the assessment of wildfire risk.

Wildfire exposure is determined by the degree of settlement expansion into the WUI, characterized by areas in which tangible and
intangible assets intermingle with natural vegetation (Radeloff et al., 2005), and exacerbated by insufficient management of highly
flammable vegetation. Also, another aspect of exposure is the level of assets in agriculture and forestry at risk of sudden devaluation
from fires.

Vulnerability to wildfires is driven by a loss of social cohesion among rural communities, limiting their coping capacities. Low
levels of institutional support and infrastructure developments exacerbate vulnerabilities in communities challenged by poor socio-
economic circumstances. Moreover, the reliance on revenue streams from agriculture and forestry increases the vulnerability of
communities, particularly smallholders.

5. Future wildfire risk in a dynamic socioeconomic environment

By bringing together the literature on the drivers shaping wildfire risk (see 4.1-4.4) and their possible directions under different
SSP trajectories (see 5.1), this section discusses future wildfire risk in different socioeconomic scenarios and management implications.

5.1. Drivers of future wildfire risk drivers in line with SSP indicators

Tables 2-4 indicate how the drivers wildfire hazard, exposure and vulnerability were matched with corresponding indicators in the
SSP descriptions provided in Kok et al. (2019), Mitter et al. (2020), O’Neill et al. (2017) and Popp et al. (2017). Qualitative directions

Table 1
Drivers of European wildfire risk identified from the literature and their relevance along the dimensions of wildfire risk. (Haz. = hazard, Exp. =
exposure, Vul. = vulnerability).

Risk driver Relevance in the context of European wildfire risk Affected wildfire risk
dimension
Haz. Exp. Vul

Demographics Rural land abandonment to increase fuel-intensive and flammable landscapes (Ascoli et al., X
2021; Ganteaume et al., 2013; Nunes & Lourenco, 2017; Rodrigues et al., 2020; Sil et al., 2019;
Spadoni et al., 2023; Viedma et al., 2015)
Loss of social cohesion among rural communities (Nunes & Lourenco, 2017; Rodrigues et al., X
2022; Uyttewaal et al., 2023)
Settlement expansion in areas covered by natural vegetation (Beltran-Marcos et al., 2023; X
Blandford, 2019; Colantoni et al., 2020; Ganteaume et al., 2021; OECD, 2023; Triantis, 2023; Vacca
et al., 2020)

Socioeconomic development Socioeconomic inequality among communities (De Diego et al., 2023; Ferrara et al., 2019; X X

including inequalities Preston et al., 2009; Rodrigues et al., 2022)

Insufficient institutional support for rural areas (Lambrou et al., 2023; Skulska et al., 2020) X
Economic dependence on agriculture & forestry (Alcasena et al., 2016; Rodrigues et al., 2023; X X
Stougiannidou & Zafeiriou, 2021)

Ecosystem degradation Replacement of native species with monocultures of flammable species (Anderegg et al., X
2020; Barquin et al., 2022; Duane et al., 2021; Gomez-Gonzalez et al., 2020; Hermoso et al., 2021;
OECD, 2023; Rego et al., 2013)
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for each SSP, relative to SSP2 are indicated by means of arrows. SSP2 refers to a continuation of current trends, and thus, a proportional
increase in each risk dimension relative to the status quo.

5.2. Narratives for future wildfire risk in Europe

SSP1: Sustainable development.

High rates of agricultural intensification and productivity improvements (Popp et al., 2017) raise wealth in the agricultural sector.
Alongside public support for the provision of ecosystem services and an increasing demand for bio-based materials (Mitter et al.,
2020), this creates profitable value chains in agriculture and forestry, and reduces unmanaged abandoned land with its concomitant
fuel load. With strict land use regulation (Kok et al., 2019; Popp et al., 2017) and effective environmental policies (Mitter et al., 2020),
development in the agricultural and forestry sectors remains within environmental limits, preventing ecosystem degradation and the
spread of invasive species, thereby reducing landscape flammability. Sustainable development boosts human capital in rural areas and
reduces within-country inequality (Kok et al., 2019), mitigating ignitions related to socioeconomic disparities. Overall, this reduces
socioeconomic pressure on hazard in SSP1.

Effective institutions maintain high environmental standards (Mitter et al., 2020) and the sustainable governance of land use (Popp
et al., 2017). This ensures high but well-managed urbanization rates (O’Neill et al., 2017), alleviating the pressure on increasing
wildfire exposure from uncontrolled expansion of human settlements. Due to agricultural productivity increases, and thus an increase
in value-added per unit of land, as well as increasing demand for bio-based materials (Mitter et al., 2020), exposure increases, albeit on
well-managed land.

Sustainable economic development (Kok et al., 2019) and institutional support (Mitter et al., 2020) enhance the capacity of rural
communities to reduce risks and vulnerability. High social cohesion, low tension and conflict (Mitter et al., 2020), alongside significant
human capital investment (Kok et al., 2019) further facilitate this. Rising education levels of the farming population (Mitter et al.,
2020) increase their resilience to economic disruptions caused by fires.

SSP3: Rivalry.

Increased concerns for self-sufficiency and public payments to maintain production potentials (Mitter et al., 2020), reduce pressure
on land abandonment, despite low agricultural production standards and technology diffusion (Mitter et al., 2020). With minimal land
use regulation (Popp et al., 2017), economic exploitation of agricultural land with relaxed environmental standards comes at the
expense of land and ecosystem degradation (Kok et al., 2019), compromising landscape resilience. Inequalities also within some
countries (Kok et al., 2019) increase ignition pressure, elevating wildfire hazard in a future characterized by SSP3.

Ineffective land-use management and planning (Popp et al., 2017) in SSP3 lead to the expansion of settlements into natural
vegetation areas (O’ Neill et al., 2017), increasing exposure of assets and people in fuel intensive and poorly-managed landscapes. Also,
regional rivalries and a decline in the trade of agricultural commodities raise the importance of self-sufficiency, resulting in increased
market concentration (Mitter et al., 2020), and higher exposure in agriculture and forestry of large firms with significant market
shares.

The EU experiences regional rivalry (Kok et al., 2019), with increasing tension and conflict (Mitter et al., 2020) reducing com-
munity cohesion. Low economic growth and ineffective governance leads to many countries struggling to maintain living standards
(Kok et al., 2019), leading to poor risk literacy. Decreasing infrastructure investments (Mitter et al., 2020) and conflicts within the EU
(Kok et al., 2019), limit response aid and risk sharing mechanisms, exacerbating the vulnerability of rural communities to wildfires.
Poor urban-rural linkages, little diversification of agricultural supply chains and low technological standards further increase vul-
nerabilities especially among the farming population (Mitter et al., 2020).

SSP4: Inequality.

Pressures on hazard are comparable to SSP3, but further exacerbated by agricultural policies designed for elites and largely
ignoring the interests of the low- to medium-income majority (Mitter et al., 2020). Demand for agricultural commodities stagnates,
while structural change in agriculture occurs rapidly for large, industrialized farms (Mitter et al., 2020), in contrast to low productivity
small scale farmers (Popp et al., 2017). Poor environmental standards and the overuse of natural resources (Mitter et al., 2020) in-
creases pressure on smallholder farmers’ livelihoods, causing land abandonment and an increase of unmanaged vegetation. Simul-
taneously, the spread of invasive species and low environmental standards (Mitter et al., 2020), increase landscape flammability,
exacerbating wildfire hazard. Moreover, socioeconomic disparities between elites and a low- to medium-income majority (Kok et al.,
2019) heighten ignition pressure.

Low infrastructure development and poor environmental standards prevail in rural and less favored areas (Mitter et al., 2020). In

Table 2
Drivers of wildfire hazard and corresponding indicators and qualitative directions provided by the SSPs. Arrows indicate the trend relative to SSP2,
where | implies a decrease, 1 implies an increase and — implies that no distinct trend could be identified.

Driver Corresponding indicator in the SSPs SSP1  SSP3  SSP4  SSP5

Rural land abandonment to increase fuel-intensive  Institutional support for rural areas and technology development & 1 - T -
and flammable landscapes diffusion (Mitter et al., 2020; Popp et al., 2017)

Replacement of native species with monocultures Level of environmental standards (Kok et al., 2019) & management of | 1 1 1
of flammable species natural resource use (Mitter et al., 2020).

Socioeconomic inequality among communities Within-country inequalities (Kok et al., 2019) 1 1 1 |
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Table 3
Drivers of wildfire exposure and corresponding indicators and qualitative directions provided by the SSPs. Arrows indicate the trend relative to SSP2,
where | implies a decrease, 1 implies an increase and — implies that no distinct trend could be identified.

Driver Corresponding indicator in the SSPs SSP1  SSP3  SSP4  SSP5
Settlement expansion in areas covered Indicators on land use (Popp et al., 2017) and environmental regulation (Mitter — 1 — 1
by natural vegetation et al., 2020) and urbanization (O'Neill et al., 2017),
Economic dependence on agriculture & Indicators on market concentration & demand of agriculture & forestry (Mitter t 1 1 1
forestry et al., 2020).
Table 4

Drivers of wildfire vulnerability and corresponding indicators and qualitative directions provided by the SSPs. Arrows indicate the trend relative to
SSP2, where | implies a decrease, 1 implies an increase and — implies that no distinct trend could be identified.

Driver Corresponding indicator in the SSPs SSP1  SSP3  SSP4  SSP5

Loss of social cohesion among rural Social cohesion (Kok et al., 2019), tension & conflict (Mitter et al., 2020). 1 1 1 |
communities

Socioeconomic inequality among Descriptions of socioeconomic inequality and human capital development (Kok l ) T —
communities et al., 2019)

Insufficient institutional support for rural ~ Quality of governance (Kok et al., 2019) and institutional support in rural areas ( 1 ) 1 -
areas Mitter et al., 2020)

Economic dependence on agriculture & Human capital development among farming population (Mitter et al., 2020) l 1 ) 1
forestry

addition to economic constraints, highly regulated land-use change (Popp et al., 2017) and high rates of urbanization (O'Neill et al.,
2017), slow the expansion of human settlements in areas covered by natural vegetation. Exposure of agricultural assets is characterized
by large, industrialized, and capital-intensive farms on the one hand and poor smallholder farms on the other, whose needs are largely
ignored (Mitter et al., 2020).

Disparities in economic opportunity, low social cohesion (Kok et al., 2019) and increasing tensions and conflict (Mitter et al., 2020)
reduce communities’ capacities for dealing with wildfire risk. Disparities in economic opportunity leave low-income communities
working in a labor intensive, low-tech economy (Kok et al., 2019) with particularly low levels of resilience, especially among
smallholder farms. While elites benefit from high investments in human capital and institutional support (Kok et al., 2019), com-
munities of lower socioeconomic status are poorly represented in institutions and their interests in agricultural policies largely ignored
(Mitter et al., 2020), leaving them especially vulnerable.

SSP 5: Fossil-fueled development.

High demand for bio-based materials promotes rapid technology uptake and structural change in agriculture (Mitter et al., 2020).
Alongside rapid increases in land productivity (Popp et al., 2017), competitive agricultural value chains result in low pressure on
wildfire hazard from land abandonment. Yet, perceived trade-offs between the environment and economic development result in low
environmental standards and degradation (Kok et al., 2019), increasing landscape flammability. Consequently, ecosystem degradation
and invasive species spread (Mitter et al., 2020) drives wildfire hazard in SSP5. At the same time, enhanced human and social capital
and a push for economic development (Kok et al., 2019), reduce ignition pressure from inequalities.

Incomplete regulation of land use change (Popp et al., 2017) including urban sprawl (O’Neill et al., 2017) into the WUI, expands
human settlements in flammable natural landscapes with lower environmental standards and a limited focus on rural development
(Mitter et al., 2020). Simultaneously, the high demand for European bio-based raw materials and innovative agricultural products
drives technological advancement and growth in agriculture (Mitter et al., 2020), resulting in a high level of exposure of socioeco-
nomic assets.

A focus on economic and human capital development promotes social cohesion (Kok et al., 2019), and reduces tensions and conflict
(Mitter et al., 2020), enhancing communities’ resilience to wildfires. High investment in social and human capital (Kok et al., 2019)
improve risk literacy in society. Additionally, rapid technology adoption in agriculture and increased education levels of the farming
population (Mitter et al., 2020) boost their coping capacities. However, a business-oriented governance approach (Kok et al., 2019)
prioritizes the reduction of business interruptions, potentially overlooking other aspects of wildfire related vulnerability.

5.3. The European wildfire risk scenario space

The wildfire risk narratives developed above differentiate the dynamics of hazard, exposure and vulnerability. Fig. 3 illustrates a
wildfire risk scenario space, capturing plausible changes in these dimensions based on different socioeconomic trajectories. While the
continuation of current trends in land degradation, settlement expansion and social and economic development would lead to a
proportional increase of wildfire risk across all dimensions compared to the status quo (represented by SSP2), changes in hazard,
exposure and vulnerability differ across the trajectories represented by SSP1, 3, 4 and 5.



E. Preinfalk and J. Handmer Climate Risk Management 45 (2024) 100638

Status quo Hazard
Q Exposure
Vulnerability
Wildfire risk

SSP2 trajectory

5 Z‘fO/'eCI.Ory

— ‘ |
\ \ |
\
O O \\ ’w O
\\_/
SSP1: Sustainable development  SSP2: More of the same SSP3: Rivalry SSP4: Inequality SSP5: Fossil-fueled development
Hazard v Hazard Proportional Hazard >M1 Hazard MO Hazard >ty
increase
Exposure >4 Exposure relative to Exposure ™1 Exposure >4 Exposure ™1
Vulnerability| ¥ & 4 & Vulnerability| Status quo Vulnerability| ™ 1 ™ 4 Vulnerability| ™ ™ ™ 1 Vulnerability| & > > ¥

Fig. 3. Scenarios by dimensions of risk. This shows how different dimensions of risk are affected by the SSPs; and shows that future wildfire risk in
Europe is subject to a high degree of uncertainty associated with socioeconomic development. Scenarios narratives are in line with the SSPs
interpreted in the context of wildfire risk. Arrows are carried over from Tables 2-4 and indicate the trend relative to SSP2, where | implies a
decrease, 1 implies an increase and — implies that no distinct trend could be identified, each representing a driver following the order they are
introduced in Tables 2-4. (Color should be used in print.).

5.4. Implications for future wildfire risk management

Fig. 3 shows that depending on the socioeconomic trajectory, future wildfire risk may not only differ in size, but also with respect to
the dimensions determining it. This uncertainty has important implications for the design of future wildfire risk management, high-
lighting that managing risk may not follow a one-size-fits-all approach.

As SSPs are designed without explicit assumptions about climate policies or climate change (O’Neill et al., 2014), they can serve as
counterfactuals for evaluating the effectiveness of possible wildfire risk management strategies. As a result of socioeconomic dynamics
shaping wildfire risk, the scenarios not only represent different levels of wildfire risk, as shown in Fig. 3, but also embody a spectrum of
challenges related to wildfire management and adaptation introduced in section 2.2.

Hazard-focused approaches for reducing wildfire risk are facilitated by environmental regulation and technological advances. In
SSP1, high environmental awareness and effective institutions support sustainable land use and investments in rural development (Kok
et al., 2019; Mitter et al., 2020), reducing landscape flammability through sustainable practices. Conversely, in SSP5, poor environ-
mental regulation exacerbates landscape flammability, limiting the effectiveness of technological suppression, despite rapid techno-
logical progress and strong faith in technology (Kok et al., 2019). Poor environmental standards and regional rivalries hinder
cooperation and transnational fire suppression efforts in SSP3, while the exploitation of natural resources by a business-oriented elite
in SSP4 further increases environmental challenges to reducing wildfire hazard (Kok et al., 2019).

Exposure-focused wildfire risk management is dependent on the quality of governance and land-use management. In SSP1,
effective institutions and governance foster sustainable land use (Kok et al., 2019), creating opportunities to reduce pressure from
settlement expansion into the wildland urban interface, contrasted by SSP3, where poor land-use management creates little prospects
for exposure-focused wildfire risk reduction. Similarly, in SSP4, a wealthy upper class dominates institutions and policies, focusing on
protecting elite assets, largely disregarding lower-income populations (Kok et al., 2019; Mitter et al., 2020). SSP5's focus on business
interests (Mitter et al., 2020) facilitates the protection of high-end assets yet neglects the exposure of rural communities and small-
holder farms.

Low social and economic challenges and strong social cohesion (Kok et al., 2019) alongside effective institutions and successful
cooperation between public, private and civil actors (Mitter et al., 2020) facilitate risk management and increase prospects for effective
vulnerability-focused approaches in SSP1. SSP3 faces significant obstacles, with high socioeconomic inequalities and ineffective in-
stitutions (Kok et al., 2019) likely to impede efforts to reduce vulnerability. Social disparities in SSP4 (Kok et al., 2019) make risk
financing and compensation difficult to implement, particularly for vulnerable, low- to medium-income populations.

The narratives developed in 5.2 highlight the three-dimensionality of wildfire risk, setting boundary conditions for assessing
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management approaches over the 21st century. Addressing hazard, exposure and vulnerability remains critical across all scenarios,
with varying levels of feasibility and effectiveness, depending on the underlying socioeconomic dynamics.

6. Discussion and conclusion

Applying the SSP framework, this paper examines how socioeconomic dynamics shape future European wildfire risk. Sustainable
land use and profitable agricultural value chains reduce hazard in a future characterized by sustainable development (SSPI1). In
contrast, poor environmental regulation and concomitant degradation (SSP3 and SSP4), alongside increasing pressure on land
abandonment as competitive value chains disappear (SSP4) increase wildfire hazard. Exposure remains high across scenarios, espe-
cially when ineffective land use planning increases the expansion of human settlements in areas with unmanaged flammable vege-
tation (SSP3 and SSP5), with further exposure of livelihoods in areas with low agricultural productivity (SSP4). Vulnerability
significantly drives wildfire risk where low economic development and poor investment in human capital leave communities with low
capacities to manage wildfire risk (SSP3). Similarly, societal disparities leave low to medium income majorities highly vulnerable to
wildfires (SSP4). High coping capacities from increasing socioeconomic welfare (SSP1 and SSP5), enhance resilience and reduce
vulnerability, compared to current trends (SSP2). However, the prioritization of business-related objectives in institutional risk
management (SSP5) runs into the risk of disregarding other aspects of wildfire related vulnerability.

The interplay of social, economic and ecological changes, and the role of governance as an enabler and barrier of effective wildfire
risk management is widely acknowledged (AGIF, 2023; OECD, 2023). Scenario analysis highlights challenges in adapting current
wildfire risk management, resulting in potential paradoxes. In scenarios where risk is driven significantly by increased vulnerability
(SSP3 and SSP4), social and economic conditions, such as the ineffectiveness of governance, reduce the feasibility of the very measures
attempting to address this driver of risk (e.g. through a risk sharing mechanism). With significant socioecological challenges across
scenarios, except for SSP1, poor environmental regulation not only drives wildfire risk, but also hampers the feasibility and effec-
tiveness of hazard-and exposure- focused wildfire risk management.

Wildfires transition from a climate hazard to a potential disaster at the intersection with exposure and differential vulnerabilities,
underscoring the need for holistic risk management addressing all risk dimensions. While suppression efforts and landscape resilience
mitigate risk from routine fires, prioritizing hazard reduction reaches limits under extreme conditions (Fernandes et al., 2016). By
prioritizing suppression, prevailing wildfire risk management in Europe is even claimed to trade-off short term effectiveness with long-
term risk, by increasing fuel loads and thereby future wildfire hazards (Arévalo & Naranjo-Cigala, 2018; Silva et al., 2010). Flexible,
risk-based approaches are frequently recommended in the scientific discourses (see e.g. Clarke et al., 2023), but political action still
predominantly favors hazard reduction over addressing exposure, vulnerability, and governance issues (see review by Bacciu et al.,
2022).

With wildfire risk assessments largely neglecting the complexity of wildfires in a world undergoing socioeconomic change (Essen
et al., 2022; OECD, 2023), this paper contributes towards a more nuanced understanding of the determinants of wildfire risk and the
implications of socioeconomic dynamics on the success of management approaches. By contextualizing the SSP narratives to European
wildfire risk, this analysis illustrates possible requirements for and challenges of implementing effective management strategies. This
underscores that wildfire risk management is interconnected with broader societal dynamics and embedded in the overall policy
landscape, requiring a whole-of-society approach, beyond fire and emergency management agencies.

While socioeconomic scenarios are well established in the research community and are useful in policy design, they cannot serve as
predictions or attempts at reality. Scenarios are based on perceived dynamics and trends and can provide a narrow view of possible
outcomes given the inability to account for unexpected change. Also, scenarios may oversimplify socioeconomic processes. Societies
might not follow a single trajectory but could shift between or combine different paths. Moreover, the scenarios developed in this study
do not account for the effect of multiple hazards. Wildfires are often preceded by droughts and heat (Sutanto et al., 2020) and followed
by erosion or debris flows (Cheung & Giardino, 2023), exacerbating wildfire impacts.

The reliance on evidence from Southern Europe, where most research on damaging fires is concentrated, means that relevant
drivers in other socioeconomic contexts may be overlooked due to incomplete understanding and insufficient evidence to date.
However, as shown in Terres et al. (2015), the risk of farmland abandonment - a major driver of fuel loads and landscape connectivity
— is particularly high not only in the Mediterranean, but also in Baltic and Scandinavian countries. Also, Modugno et al. (2016) show
that the urban-rural interface — a key factor in exposure to fires — is far larger in Central and Northern Europe than the Mediterranean
region. Thus, we believe that our findings are broadly applicable across Europe, capturing general patterns and trends that are relevant
for the geographical context, without explicitly including or excluding any specific countries.

Our findings emphasize the role of socioeconomic dynamics in shaping future wildfire risk and the need for adaptable management
strategies in response to evolving conditions. Considering multiple plausible futures enhances wildfire risk management effectiveness,
ensuring the robustness of a strategy despite future uncertainties (Maier et al., 2016). This is relevant within the current EU policy
landscape, where the success of the EU Green Deal’s nature restoration law' ', will significantly influence European wildfire risk and
the management thereof. Aimed at restoring ecosystems across the EU, this law not only reduces wildfire hazard by addressing the
driver of ecosystem degradation, but also promotes sustainable land use practices as an important component of effective risk man-
agement. Also, the effectiveness of supranational hazard-focused management approaches, such as the rescEU firefighting fleet'?,

11 https://environment.ec.europa.eu/topics/nature-and-biodiversity/nature-restoration-law_en (last access: 19.06.2024).
12 https://ec.europa.eu/commission/presscorner/detail/en/ip_23 2943 (last access: 10/06/2024).
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integrating firefighting resources from 10 Member States and 450 firefighters in 2023, hinges on continued European cooperation and
coordination. Increasing tensions and regional rivalry, could compromise this mechanism. The approach presented in this study can
also inform the transition to new paradigms in managing fires, as understanding societal and political dynamics is crucial for adopting
transformative strategies to mitigate wildfire risk, like managed retreat (McConnell & Koslov 2024).

The explorative scenarios of wildfire risk (what could happen), developed in this study offer a starting point for future co-production
of normative wildfire risk management scenarios (what should happen) (Nalau & Cobb, 2022). By laying the qualitative groundwork for
further scenario analysis in the context of wildfire risk, this paper helps identify novel areas for empirical and model-based research to
support the consideration of socioeconomic change in risk assessments.
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