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Abstract. The 2025 European fire season was histori-
cally extreme, with record-breaking burned area exceeding
1400000 ha, and multiple regionally unprecedented wild-
fires. Emerging fire regimes and extreme wildfire behaviour
in Europe pose increasing adaptation challenges. Extreme
event attribution of a recent fire season, combined with anal-
ysis of changes in vegetation and land use, provides in-
sight into the effect of climate and environmental change on
high impact events. We analyse five regions that experienced
particularly extreme wildfire activity in 2025 (northwestern
Iberia, western and northern Britain, Occitania, the eastern
Adriatic/Ionian, and northern and western Tiirkiye) captur-
ing a diverse range of driving weather conditions and fire
regimes. Strong trends towards drier summers and extreme
weekly vapour pressure deficit (VPD) were found, with sum-
mer drought emergent from natural variability in most south-
ern European regions, and VPD extreme emergent in reanal-
ysis data for all regions. Changes in VPD are the main rea-
son why combined hot, dry, and windy conditions have be-
come more frequent than expected from natural variability.
This emergence is seen in both reanalysis data and climate
models for the Iberian, Adriatic/Ionian and Turkish regions.

In contrast, in the British and Occitanian regions, models do
not show observed trends.

1 Introduction

The 2025 European wildfire season saw a record-breaking
burned area of over 1.4 x 10®ha (European Commission,
2026), since 2006 when the EFFIS record began (Fig. 1).
Many regions across a range of wildfire regimes experienced
extreme wildfire activity, with Cyprus, Germany, Kosovo
(per UNSCR 1244), Slovakia, Spain and the United King-
dom all seeing their highest annual area burned since 2006,
and for 19 countries out of 39 in the European region 2025
was one of the three most severe years for annual area burned
(Table G1). This development of several regionally unprece-
dented wildfires across the European region was associated
with extreme fire weather conditions. Galicia experienced
its largest wildfire on record, with fires across northwestern
Iberia leading to eight direct deaths (France 24, 2025) and
40000 evacuations (De Onzono, 2025; Viddez, 2025; Ortiz,
2025). The largest French wildfire in 75 years led to a death
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Figure 1. European annual burned area according to EFFIS esti-
mates from 2006-2025 breaking down contributions to total burnt
area in the EU + Albania, Andorra, Bosnia and Herzegovina,
Kosovo (per UNSCR 1244), Montenegro, North Macedonia, Nor-
way, Serbia, Switzerland, Tiirkiye, and UK. Major national con-
tributors to the 2025 fire season are colour coded, with “Eastern
Adriatic” aggregating Albania, Bosnia and Herzegovina, Croatia
and Montenegro, and “British Isles” aggregating Great Britain and
the island of Ireland — due to smaller individual contributions from
these adjacent countries with similar fire ecologies.

(Robins, 2026) and significant losses to vineyards (Mercer,
2026) — a key regional industry. In Tiirkiye, wildfires were
most destructive — resulting in 17 deaths, over 1000 struc-
tures destroyed, and over 50000 people evacuated (Keep-
ing et al., 2025a). Wildfire smoke broadens the otherwise lo-
calised impacts of wildfire events, resulting in major health
and mortality impacts globally (Naeher et al., 2007; Johnston
etal.,2012; Chen et al., 2021). The year 2025 had the highest
European wildfire emissions since 2003 when the full global
MODIS record began, leading to worsened air quality in Por-
tugal and Spain (Parrington and McNorton, 2025).

European-wide fire records are relatively short and often
begin only after major demographic and economic shifts had
already transformed historical human—land interactions. Al-
though longer national records exist in some countries (e.g.
France), they provide limited insight into whether recent fire
seasons are truly unprecedented beyond the very recent past.
Nevertheless, the events examined here were clearly extreme
and, in some cases, may lack historical analogue. This pa-
per offers a detailed description of the driving conditions of
2025’s extreme wildfire events, coupled with attribution of
fire weather conditions and trend analysis of land-use and
vegetation. This allows the contribution of multiple rapidly
changing wildfire drivers to extreme wildfire seasons to be
assessed in detail, providing insight into the present and fu-
ture state of the European wildfire hazard.

Together, extreme heat, winds and drought constitute “fire
weather”, which drives the large wildfire events (Potter and
McEvoy, 2021) that dominate regional burned area variabil-
ity (Hantson et al., 2015). With climate change, the inci-
dence of some key ingredients of fire weather, in particu-
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lar hot-dry extremes, are projected to increase globally and
across Europe (De Luca and Donat, 2023). Extreme heat
leads to an exponential increase in atmospheric moisture ca-
pacity and vapour pressure deficit (VPD), and consequently
increased evaporative demand on plants and dead fuels, and
has been strongly linked to the largest wildfire events in Eu-
rope (Costa-Saura et al., 2025; Little et al., 2025). Such hot
extremes are intensifying rapidly with climate change for all
of Europe (Seneviratne et al., 2021). Drought leads to lower
live and dead vegetation moistures, and in combination with
extreme heat can cause vegetation mortality (McDowell et
al., 2008), resulting in higher dead fuel loads and more in-
tense wildfires (Stephens et al., 2018). There is a clear in-
creasing drought signal in the western and central Europe,
and Mediterranean IPCC regions (Seneviratne et al., 2021).
Another important component of fire weather is wind, with
extreme winds as a driver of rapid fire spread. Whilst the re-
sponse of wind to climate change is highly uncertain (Sen-
everatne et al.,, 2021), climate change can play a role in
novel wind extremes. For example Hurricane Ophelia, the
only Hurricane on record to ever have reached Europe, had
an important effect on the unprecedented Portuguese wild-
fires of 2017 (Duane et al., 2021; Ramos et al., 2023). Fur-
thermore, a possible increase in atmospheric instability with
climate change (Chen and Dai, 2023) allows for greater verti-
cal motion of the air, leading to fast-spreading, unpredictable
and dangerous pyroconvective wildfire behaviour (Tang et
al., 2015; Di Virgilio et al., 2019).

Clear increasing trends in fire weather extremes have been
identified across Europe (Abatzoglou et al., 2019; Grillakis
et al., 2022; Giannaros and Papavasileiou, 2023), with this
trend projected to continue with future climate change (Gar-
roussi et al., 2024). These large scale analyses of compound
fire weather indices such as the Canadian Fire Weather Index
(FWI) are useful in understanding big picture changes in a
specific but widely meaningful definition of fire weather. To
fully understand how climate change has already and could
continue to affect wildfires, the gold standard is to understand
how multiple components of fire weather and moisture stress
are affecting a reasonably ecologically homogeneous region.
This has been done for a small number of studies globally
(Kirchmeier-Young et al., 2019; Barbero et al., 2020; Li et
al., 2021; Lanet et al., 2024; Senande-Rivera et al., 2025),
but there is inconsistent coverage across key European fire
regimes, including no studies for most of northern Europe
and the eastern Mediterranean — including Adriatic, Ionian
and Aegean coastal regions that are extremely wildfire prone.

In addition to weather conditions, other factors also play
an important role in understanding the unprecedented fire
season in 2025. Europe has seen an increasing trend in gross
primary productivity — GPP, the carbon taken up by veg-
etation through photosynthesis — over recent decades, also
known as greening (Eisfelder et al., 2025; Kempf, 2023).
GPP is a key driver of wildfire activity (Pausas and Ribeiro,
2013; Haas et al., 2024). This is because faster vegetation
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growth means greater fuel availability, causing higher heat
release and increased burnt area due to more abundant and
connected vegetation (Haas et al., 2022). The primary driver
of increased GPP over Europe is increased photosynthetic ac-
tivity through the CO; fertilization effect (Cai and Prentice,
2020). Spring greening in the Mediterranean, Black Sea and
Anatolian regions is driven by temperature and precipitation
allowing an earlier start to the growing season whereas sum-
mer greening in Spain and Tiirkiye is associated with precip-
itation affecting mostly grasslands and croplands (Eisfelder
et al., 2025). Whilst previous studies have examined overall
trends in vegetation productivity over the past decades, at-
tributing seasonal greening and browning patterns directly to
specific fire activity within a given year remains challeng-
ing. Interactions with climate and land use also complicate
our ability to isolate the effect. Here we analyse long-term
trends in leaf area index (LAI) alongside vegetation activity
in the spring and summer of 2025. This approach allows us to
explore the potential for long-term fuel accumulation associ-
ated with increased vegetation productivity as well as eval-
uate whether anomalous vegetation greening or browning in
2025 may have contributed to elevated fuel availability.

Rapid changes in climate, vegetation abundance, rural
land abandonment — and its opposite, urban expansion —
are all driving increasingly intense European fires, as re-
ported by the European Environment Agency (Keesstra et
al., 2025). In Mediterranean Europe, the widespread aban-
donment of formerly managed lands has emerged as a major
driver of increasing fire hazard through passive vegetation
succession (Mantero et al., 2020; Ganteaume et al., 2021).
As traditional agricultural and pastoral practices decline,
landscapes shift from heterogeneous mosaics of land uses
to continuous natural vegetation dominated by flammable
shrublands and young forest stands (Moreira et al., 2011;
Fernandez-Anez et al., 2021). This vegetation regrowth sub-
stantially increases fuel continuity and biomass accumula-
tion, thereby enhancing the potential for rapid fire spread
across the landscape (Salis et al., 2022). In addition, the accu-
mulation of dead biomass increases vertical fuel connectiv-
ity, and the likelihood that surface fires escalate into crown
fires and overwhelm initial suppression efforts. As a result,
many Mediterranean regions have transitioned from histor-
ically fuel-limited fire regimes to predominantly drought-
driven regimes, in which abundant, unmanaged fuels enable
the development of high-intensity wildfires during extreme
weather conditions (Pausas and Fernandez-Muifoz, 2012;
San-Miguel-Ayanz et al., 2013).

As laid out in Sect. 2, there is detailed knowledge of the
regional drivers of extreme wildfire events across European
fire regimes — with many changes in these drivers observed
across environments. However, partially due to the relatively
short observed, satellite-based wildfire record, the causes of
historic changes in the fire regime are poorly understood —
as detected fire trends are often not statistically significant
over short observation periods. Using our knowledge of the
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drivers of wildfire extremes, we are able to address this gap.
We provide a systematic attribution study of the weather-
related drivers of fire, aiming to give a detailed overview
of how the likelihood of the different contributing weather
conditions to extreme wildfire has changed over time. This
quantification of the changing probability of realised extreme
fire weather and its resulting wildfires can be a key input to
expert and operational planning for future wildfire extremes
across Europe. By assessing five extreme fire seasons across
Europe, this research samples a high diversity of meteoro-
logical drivers of elevated fire danger (e.g. spring drought in
Britain; heat and hydroclimatic whiplash in Iberia; and com-
pound hot, dry and windy conditions in the Eastern Adri-
atic) across a broad range of fire-prone environments, whilst
also accounting for trends in vegetation and land use. In ad-
dition to being specifically useful to understanding (1) why
the 2025 fire year was so extreme in Europe and (2) how
the hazard profile is changing in the five case study regions,
this work is also illustrative of the spread of possible extreme
fire events and their drivers across Europe and how those are
likely to change in the future.

In Sect. 2, we introduce the five study regions consid-
ered in the analysis, including an overview of the fire regime
and key drivers of change in wildfire activity for each. In
Sect. 3, an overview of the variables, datasets, and attribution
methodology used is given. Section 4.1 covers fire weather
experienced across Europe in 2025, with trends in vegetation
cover and land-use also presented. Sections 4.2—4.6 give a
probabilistic attribution of the changing likelihood and in-
tensity of the drought and fire weather conditions seen in
2025 due to climate change from pre-industrial to present,
and from present to +2.6 °C, using a synthesis of reanalysis
and climate model data per Philip et al. (2020). Time series
in overall spring and summer vegetation cover, as well as the
managed land fraction, were also aggregated for each case
study region. Interpretation of these changes and their impli-
cations is given in Sect. 5.

2 Study Area

Different regions of Europe experience highly varied wild-
fire seasons. Galizia et al. (2022) identify approximately half
of the European Economic Area (EEA) — which excludes
Tiirkiye — as being non-fire-prone, meaning very few fires
and low burned area, primarily situated across central and
northern Europe. In some regions more fires occur in the
cool season, especially spring, such as in the UK, the south-
eastern Baltic and eastern Europe (Miller et al., 2025) when
drier, dormant vegetation is more likely to reach low fuel
moistures (Nikonovas et al., 2024). In contrast, the Mediter-
ranean, Tiirkiye and Iberia are characterised by a strong sum-
mer fire season where frequent and large fires are most com-
mon, with large fires especially prevalent in western Iberia,
and the Adriatic (Galizia et al., 2021). The five case study
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regions considered in this analysis span different wildfire
regimes and were selected for very high levels of wildfire
activity in the 2025 fire season, shown in Fig. 2. From east to
west:

1. Northwestern Iberia experienced a widespread wild-
fire outbreak, peaking from 15-19 August 2025. Ex-
treme heat and winds drove large wildfires — leading
to Spain’s highest burned area on record (393 000 ha)
and Portugal’s second highest fire year (279 000 ha) af-
ter the catastrophic fires of 2017 (Keeping et al., 2025b;
Séanchez-Herndndez et al., 2025).

2. Western and northern Britain was subject to record
breaking burned area in 2025 (48 000 ha over the en-
tire UK), with wildfire activity peaking from 2—-8 April,
when two large wildfires simultaneously occurred in
Galloway Forest Park, Scotland, and Ystrad Fflur, Wales
(Poynting and Rivault, 2025).

3. Occitania, southwestern France, experienced an ex-
treme wildfire from 5-8 August in Aude, rapidly
spreading to become the largest French fire (17 000 ha,
Copernicus, 2025) to be recorded in 80 years (Bruneau,
2025). Whilst wildfire activity was otherwise not par-
ticularly extreme across France, the Aude wildfire con-
tributed to nearly half of France’s total burned area,
pushing 2025 to France’s 3rd most extreme year after
2022 and 2019.

4. Eastern Adriatic and Ionian also saw extreme wildfires,
with two peaks of wildfire activity from 22-27 July
and 11-13 August. Albania experienced almost 200
large-scale fires, and Kosovo (per UNSCR 1244) had
its highest burned area on record. Whilst Greece has
seen considerably worse fire seasons in eastern Greece
(e.g. 2007, 2023), the two western regions of Epirus and
Western Greece experienced the highest or second high-
est burned area on record (WWE, 2025).

5. Western and northern Tiirkiye experienced two peaks
of wildfire activity from 27 June-3 July and 20—
28 July, leading to Tiirkiye’s second highest wildfire
season (154000ha) after 2021 (202000 ha). Despite
less burned area than 2021, the impacts were higher,
with extreme wildfires at the wildland urban interface
(WUI) leading to fatalities and requiring widespread
evacuations (Keeping et al., 2025a).

A number of countries also experienced record-
breaking wildfire activity, namely Cyprus, Germany
and Slovakia. These were not studied due to the small
area of the burned area region in Cyprus not be-
ing spatially contiguous with the nearby region of
northern and western Tiirkiye, and due to very low
burned area in absolute terms in Germany and Slovakia.
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2.1 Northwestern Iberia

Northwestern Iberia, which includes central and northern
Portugal and northwest of Spain, is historically the region
with highest burned area in the Iberian Peninsula (Calheiros
et al., 2020; Rodrigues et al., 2020; Trigo et al., 2016) as was
also the case in 2025. Summer meteorological conditions,
particularly heat extremes and moisture deficits, explain ap-
proximately 70 % of the interannual variability of July and
August burned area (Sousa et al., 2015). Antecedent wet and
mild conditions during late winter and early spring months
typically allow the development of live fuels that become
highly flammable in the following hot and dry summer (Gou-
veia et al., 2012; Russo et al., 2017). Typically, large burned
areas occur when high-pressure systems develop over the At-
lantic (Sousa et al., 2015), generating the necessary hot and
dry conditions for the widespread of fire activity. Northwest-
ern Iberia is characterised by relatively high annual precipita-
tion values, fuelled by frequent fronts interacting with rugged
topography — leading to considerably wetter conditions than
most southern and Mediterranean regions experience. Its nat-
ural vegetation is needleleaf or deciduous forest, substituted
to a large extent by pastures and secondary forest plantations
(e.g. eucalyptus, pinus) that present fire danger throughout
the entire year (Trigo et al., 2016).

Despite the importance of the meteorological drivers, hu-
man and environmental factors also modulate the burned area
variability of the region. While fire weather has increased
significantly in the past 40 years (Turco et al., 2019), sum-
mer burned area has not shown a comparable long-term in-
crease due to suppression efforts (Sdnchez-Hernandez et al.,
2025) and an approximate 50 % decrease of ignitions in Por-
tugal since 2017 (AGIF, 2025). Most rural regions in north-
western Iberia have suffered widespread abandonment and
depopulation since the 1970s, contributing to an increase in
fuel availability for the ignition and wildfire spread (Trigo et
al., 2016). Nevertheless, while burned area is decreasing and
fire weather increasing, the more extreme fires such as those
in 2025 are exceeding the suppression capacity (Sanchez-
Hernandez et al., 2025).

2.2 Western and Northern Britain

Fire occurrence peaks during spring in northern and west-
ern parts of Great Britain (Nikonovas et al., 2024) and the
greatest burned area occurs in mountain, bog and heath
landscapes — which are all environments characterised by
short and highly connected vegetation (Forestry Commis-
sion, 2023). Southeastern and central regions of England,
which is not part of the study area identified for this study, are
instead increasingly summer fire dominated, particularly in
arable or improved grassland land covers (Nikonovas et al.,
2024; Forestry Commission, 2023). The majority of vegeta-
tion fire in the UK are small (usually less than 1 ha; Forestry
Commission, 2023; Gagkas et al., 2022) though larger fires
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Figure 2. Case study regions considered in this analysis, with daily fire radiative power (per MODIS) events in 2025 overlaid where the size
of the dot is proportional to the daily detected FRP. (a) The five case study regions analysed here in greater detail — selected for anomalously
severe wildfire behaviour. (b) The case study region referred to hereafter as northwestern Iberia. (¢) The case study region referred to hereafter
as western and northern Britain. (d) The case study region referred to hereafter as Occitania. (e) The case study region referred to hereafter
as the eastern Adriatic/Ionian. (f) The case study region referred to hereafter as northern and western Tiirkiye.

do occur, even reaching landscape scale, especially during
droughts and prolonged heatwaves (Ivison et al., 2025; Little
et al., 2025).

Nearly all wildfires in the UK are anthropogenic in igni-
tion though there is limited routine investigation of wildfire
causes (Belcher et al., 2021). Although the majority of vege-
tation fires are smaller than other regions in Europe, they can
still have significant impacts on communities, infrastructure
and ecosystems (Belcher et al., 2021), especially when mul-
tiple events occur at the same time, causing pressure on land
managers and emergency services (NFCC, 2025a).

2.3 Occitania

The Occitania region of France shares a similar fire regime to
the rest of the French Mediterranean coast. This fire regime
is characterized by frequent, small summer fires which are
often wind or drought driven (Castel-Clavera et al., 2023; Pi-
mont et al., 2021). The year 2003 was record-breaking in
terms of fire occurrence in the region, leading to the im-
plementation of strong fire suppression policies, which have
limited the extent of smaller fires, but have not prevented the
spread of larger ones (Castel-Clavera et al., 2023). Fire oc-
currence and size in the region is influenced by infrastruc-
ture networks such as road and urbanisation, as well as crops,
which fragment the landscape by creating discontinuities in
vegetation cover (Ruffault and Mouillot, 2017; Curt and Fre-
javille, 2018). Such land cover characteristics can impact
ignitions and microclimates, altering baseline fire regimes
(Bowring et al., 2024). However, whilst land use and fire
weather have been shown to equally influence wildfire oc-
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currence, fire weather emerges as the key driver in large fires
once spread has begun, with significant increases in poten-
tial fire activity over the last decades shown to be linked
to increases in fire weather occurrence (Castel-Clavera et
al., 2023). Since 2010, over 5500 ha of vineyards have been
removed and abandoned in the region. As a consequence,
there has been an increase in the cover of garrigue vegeta-
tion, which is a highly flammable and shrubby vegetation
type. Historically, vineyards in the valleys of the mountains
through which the Aude fire spread may have provided dis-
continuous and less flammable fuel, preventing wildfire from
spreading from one slope to another.

2.4 Eastern Adriatic and Ionian

Western Greece and the Ionian islands north of the Pelopon-
nese peninsula are less fire-prone than southern and eastern
Greece (Kalabokidis et al., 2024), due to generally less ex-
treme fire weather. Weather conditions conducive to extreme
wildfires occur in this region nonetheless, particularly dur-
ing summer months. Given that precipitation is more abun-
dant in western parts of the country (Hatzianastassiou et al.,
2008), fuel availability is also higher and constitutes another
pronounced hazard factor. Wildfires are primarily human-
caused, and typically occur in mosaic shrubland and pine for-
est ecosystems (Kalabokidis et al., 2024).

Further north, Albania is an example of the highly fire-
prone eastern Adriatic summer fire regime. The majority of
fires and burned area are concentrated near the coasts (Jaupaj
and Jaupaj, 2025), with rapidly spreading wildfires especially
prevalent in the south. Satellite-based analyses using Sen-
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tinel imagery show that wildfires in the period 2020-2025
have predominantly affected open and semi-natural vegeta-
tion types, including sclerophyllous shrublands, broadleaved
forests, and degraded formations (such as garrigue and
transitional woodland—shrub). Burned-area statistics for this
timeframe indicate that these latter classes account for a sub-
stantial fraction of total fire impact, reflecting long-term land
degradation, repeated disturbance, and progressive fuel sim-
plification (Jaupaj, 2026). The eastern Adriatic and Ionian
are largely karstic in geology (Hollingsworth, 2009), mean-
ing rapid drainage and thin soils result in very low soil water
volumes. Consequently, vegetation degradation due to distur-
bance or drought can lead to high dead fuel volumes. This is
a key driver of wildfire in the region, with the karstic regions
of Albania corresponding most strongly to those that expe-
rience the most severe wildfires (Parise et al., 2004; Serjani
et al., 2001) — despite fire weather being more moderate in
these coastal environments (Jaupaj, 2026).

2.5 Northern and Western Tiirkiye

The wildfire regime of northwestern Tiirkiye is a transitional
dual system, with the historically humid, low-frequency
regime of the Euro-Siberian Black Sea forests increasingly
replaced by the frequent, high-intensity fire dynamics of the
Mediterranean coast (Sahan et al., 2022, 2023). The high-
intensity fires peak in summer, with a late-spring also see-
ing a pulse of smaller, predominantly human-ignited agricul-
tural fire use in Thrace and southern Marmara (Yakupoglu
et al., 2022). Although usually small, these agricultural fires
frequently escape into forest edges — especially given a dry
spell, as observed in the Bursa—Bilecik—Eskisehir fires of
early summer 2025. Critical wildfire danger is understood
to increase sharply under elevated temperatures, low humid-
ity and delayed autumn precipitation. This condition is now
increasingly common during summer heatwaves, as Mediter-
ranean climate characteristics expand northward and for-
merly humid forests lose their buffering capacity (Ekberzade,
2026). The region’s topography further amplifies fire dan-
ger, as interactions between the hot, dry southwesterly Lodos
wind and the northeasterly, Black Sea Poyraz wind generate
erratic wind fields that complicate fire spread and suppres-
sion, particularly in interior Marmara and the Western Black
Sea (Bigen et al., 2022).

While rapid urbanization, tourism development, and the
expanding WUI elevate ignition probability in Tirkiye’s
most densely populated regions, where almost all fires are
human-caused (Ekberzade et al., 2025), concurrent rural de-
population and abandonment of traditional grazing have also
led to shrub encroachment and increased fuel continuity in
parts. Pinus brutia forests of the northern Aegean are more
prone to intense crown fires, whilst the montane forests of
mixed Pinus nigra, Abies spp. and P. sylvestris have histori-
cally been associated with lower intensity surface fires.
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3 Data and Methods
3.1 Meteorological Variables

For each region, we examine the annual maximum of three
fire weather variables averaged over a rolling seven-day pe-
riod: daily maximum VPD, daily maximum wind speed, and
the hot-dry-windy index (Srock et al., 2018) — defined here
as the product of daily maximum VPD and wind speed. An
evaluation of these fire weather variables is provided in Ap-
pendix F. We also analyse the meteorological spring maxi-
mum (MAM) of these variables for the western and northern
Britain region, due to the clear spring peak in wildfire activity
in this region. Additionally, we examine the spring (MAM)
and summer (JJA) effective precipitation over all study re-
gions — which affects antecedent fuel growth and drought
conditions. Effective precipitation is defined at the season-
ally accumulated precipitation minus potential evapotranspi-
ration, here calculated according to the Hargreaves formula
(Hargreaves and Samani, 1982).

3.2 Data Sources

Observational analysis was conducted using the ERAS5-Land
reanalysis product (Mufioz-Sabater et al., 2021), which is a
land-only rerun of the ERAS climate reanalysis at a 0.1° spa-
tial resolution using the H-TESSEL land model. Annual fire
weather statistics were used from the years 1960 to present.

We synthesise the results of the reanalysis attribution with
results from ensemble of global circulation models (CMIP6)
and regional climate models (Euro-CORDEX). CMIP6 is
a set of simulations from 19 climate models (Eyring et
al., 2016), with the period 1850-2014 based on historical
simulations and the SSP5-8.5 up to 2.6 °C global warm-
ing taken for future projections. Euro-CORDEX is part of
the Coordinated Regional Climate Downscaling Experiment
(CORDEX) of the European domain (Jacob et al., 2014;
Vautard et al., 2021). The period up to 2005 was based on
historical simulations, and future projection up to +2.6 °C
was made using the RCP8.5 scenario. Not all variables were
available for all models, and models were evaluated per
Sect. 3.3 before inclusion in the attribution analysis.

3.3 Attribution Methodology

To investigate the dependence of trends in effective pre-
cipitation and selected fire indices on global mean surface
temperatures, we use an established probabilistic attribution
methodology (Philip et al., 2020; van Oldenborgh et al.,
2021). A linear model is fitted to each time series, in which
the mean of the distribution is assumed to depend on the
global mean surface temperature (GMST), while the variance
and (where applicable) shape parameters remain fixed over
time, with all parameters estimated using maximum likeli-
hood methods. To remove variability in the GMST due to
the El Nifio-Southern Oscillation, we use a four-year rolling
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mean of the annual GMST, centred on the third year. Sea-
sonal effective precipitation is assumed to be normally dis-
tributed about the mean, while annual maxima of 7 d fire in-
dices are assumed to follow a nonstationary Generalised Ex-
treme Value (GEV) distribution.

The fitted model is used to calculate the likelihood of ob-
serving an event of equal or greater magnitude than the value
observed in 2025 (the “exceedance probability”), in both the
current climate and in a “counterfactual” climate in which the
climate is 1.3 °C cooler than 2025, representing a preindus-
trial climate without human-caused warming (1850-1900,
based on the Global Warming Index). The exceedance prob-
ability of the event in the current climate is expressed as its
inverse, the return period, which is the expected number of
years between events and is typically easier to interpret than
the probabilities themselves, which can be very small. We
also use the fitted model to calculate the expected intensity
of a similarly extreme event in the 1.3 °C cooler counterfac-
tual climate. This allows us to estimate the change in inten-
sity of similarly extreme events, and also the factor change in
the likelihood of experiencing events of the observed magni-
tude (the probability ratio, or PR), associated with 1.3 °C of
global warming. Uncertainties on all of these quantities are
obtained via a bootstrapping procedure, in which whole years
are resampled with replacement, the model refitted, and all
quantities estimated again for 1000 bootstrap samples.

This process is repeated not only for the ERAS5-land re-
analysis, but also for a collection of climate models. Follow-
ing Philip et al. (2020) we use two different ensembles of cli-
mate models with different framings: global circulation mod-
els (GCMs) from the CMIP6 ensemble, and regional climate
models from the Euro-CORDEX ensemble (see Sect. 3.2
above). Climate models were first checked visually against
reanalysis according to their spatial climatology and seasonal
cycle, with models not capturing patterns in each study re-
gion excluded. For each climate model that passes the first
stage of model evaluation, time series of the appropriate in-
dex are obtained, and the same statistical model is fitted, us-
ing all years of data up to 2025 and the model’s own GMST
(in the case of the Euro-CORDEX models, the GMST of
the parent GCM). If the uncertainty intervals of the parame-
ter estimates do not overlap with those of the observational
data, the model is excluded from further analysis, since this
implies that the model does not accurately replicate the be-
haviour of the variable or index. For those models that also
pass this stage of the evaluation, we use the statistical model
to calculate the magnitude of an event with the same return
period in 2025 as the observed event; the return period of an
event of that magnitude in a 1.3 °C cooler climate; and the
change in intensity of such an event associated with 1.3 °C
of warming. This analysis is then repeated using all years
of available data up to 2070, calculating the changes from
the present to a 1.3 °C warmer future climate (that is, 2.6 °C
warmer than the preindustrial era). This level was chosen for
the future scenario as this is an optimistic estimate of our cur-
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rent emissions trajectory if existing NDCs are implemented
(UNEP, 2024). Confidence intervals are again obtained by
bootstrapping.

The results from the analysis of the climate models are
finally combined into a single estimate (with associated un-
certainty) of the change in intensity / probability ratio simu-
lated by the climate models by using a precision-weighting
algorithm in which more confident estimates (those with
lower uncertainty) are given more weight. This estimate is
then combined with the estimate from ERAS-land, again in a
precision-weighted average, to obtain a final synthesised es-
timate of the attributable change in intensity and likelihood
of similar events. For more details of this procedure, see Otto
et al. (2024).

3.4 Fire Radiative Power as a Metric of Wildfire
Activity

Fire radiative power (FRP) is a measure of the rate of en-
ergy release by active wildfires according to satellite-sensed
infrared light bands, which we use here as a measure of the
intensity of wildfire activity within a region. It directly re-
lates to the total calorific value of consumed fuel, and conse-
quently strongly relates to the intensity of the fire front and
the area of the grid cell concurrently burning at the point of
observation. FRP products can miss short duration wildfires
(MODIS overpasses approximately twice daily), wildfires on
overcast days (generally of lower intensity due to weather
conditions), and can aggregate multiple wildfires per grid cell
at coarser resolutions as used in this study. Nonetheless, FRP
is a useful metric for the intensity of large-scale, extreme
wildfire events — which may encompass multiple individual
wildfires (Bowman et al., 2017; Cunningham et al., 2024).

3.5 Additional Analysis of Leaf Area Index and
Managed Land Fraction

This study is primarily concerned with the attribution of the
meteorological drivers of fire to climate change. Whilst this
could be achieved via a composite fire weather index, this
would not help with disentangling (1) how different meteo-
rological drivers combine to create different fire extremes, or
(2) how these meteorological drivers are separately chang-
ing. The five meteorological indices analysed here capture
both instantaneous fire weather conditions (dry heat — VPD,
high winds, and a simple composite of the two — HDWI) and
the key, additional roles of ecological drought (fire season
effective precipitation) and growing season moisture avail-
ability (prior season effective precipitation). Whilst weather
extremes drive fire extremes, without consideration of the
vegetation and land management, attributed trends cannot be
linked to realised fire activity. To assess these we analysed
trends in LAI, as a metric of fuel availability, and the fraction
managed land, as a measure of land reclamation or abandon-
ment.
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To calculate the managed land fraction, we analysed
changes in cultivated versus natural lands in Europe using
the HILDA+ land-cover dataset (Winkler et al., 2021) for the
years 1990 and 2019 for Europe (—12 to 45°E, 34 to 72° N).
We consider all croplands and the pastures as human man-
aged lands, while as all forest land cover types, grass/shrub-
land, and sparsely vegetated are considered as natural, not
cultivated lands. Then, we estimate the fraction of the area
that was converted from natural to managed land, as well as
the fraction of the land that was converted from managed to
natural land, between years 1990 and 2019. We further ex-
tract trend in the fraction of managed land relative to natural
and managed land over time since 1960, for each of five case
study regions. This does not capture trends in the wildland
and rural urban interfaces, which contribute strongly to both
ignitions (Badia et al., 2011) and impacts (Radeloff et al.,
2018) of wildfires, with the focus being on the effect of over-
all vegetation management intensity in a landscape.

LAI is a dimensionless measure that primarily represents
the amount of living and photosynthetically active vegeta-
tion, used here as a metric for vegetation/fuel availability in
a landscape. Instantaneous vegetation greenness tends to re-
duce wildfire occurrence and spread due to increased vegeta-
tion moisture content, whereas accumulated antecedent veg-
etation can increase wildfire activity due to vegetation build-
up and the availability of dead biomass (Kuhn-Régnier et al.,
2021). As such, mean spring (MAM) LAI can be used as a
proxy for the amount of vegetation which may become avail-
able to burn during the subsequent summer season. Mean
summer (JJA) LAI could act both as a potential barrier to
wildfires (through live vegetation) but also as potential fuel
if this vegetation were to dry out quickly. We analysed the
trends in leaf area index (LAI) from two LAI products: the
MODIS 500 m LAI product (Myneni et al., 2021) and the
corrected Seoul National University (SNU) LAI product at a
0.1° resolution (Jeong et al., 2024). The SNU LAI data was
available from 1982 to 2021 and the MODIS LAI data was
available from 2001-2024, providing a time-series covering
the last 42 years (1982-2024) with a 20-year overlap (2001—
2021). We conducted a spatial aggregation to 0.5° resolu-
tion and computed the significant pixel-wise trends in annual
spring (MAM: March, April, May) and summer (JJA: June,
July, August) LAI using a Mann—Kendall test and signifi-
cance threshold of 0.05. The magnitude of significant trends
were estimated using a Theil-Sen estimator to fit a linear
slope. Spatially averaged trends were also computed for each
of the study regions by taking the mean spring (MAM) and
summer (JJA) LAI over the study regions and fitting a linear
trend following the same trend methodology.
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4 Results
4.1 Europe-wide Drivers

In this section we discuss observed anomalies in fire weather
relevant variables, including fire radiative power (FRP),
VDP, wind maxima and standardised precipitation evapo-
transpiration index (SPEI) in summer (JJA) as well as spring
(MAM) in 2025. The long term trends in leaf area index
(LAI) and land management were also assessed.

Overall burned area in 2025 in Europe was highest since
2006 when recording began (European Commission, 2026).
The large wildfires in northwestern Iberia dominate re-
motely sensed fire radiative power (Sdnchez-Hernidndez et
al., 2025), with high intensity hot spots also detected in
northern Tiirkiye, both Ionian coasts, the northern Aegean
coast, and Scotland (Fig. 3a and b). The FRP signal is also
strong in Ukraine, for example in the Danube delta bordering
Romania; however, as these wildfires were driven by intense
military activity, they were not considered as a case study
region. Figure 3b shows the ranking of FRP values across
Europe. At a resolution of 0.5°, 455000 km? (6.5 %) of Eu-
rope experienced the highest ranking year of total FRP, with
1 155000km? (16.6 %) experiencing a year in the top three
for fire activity (percentages given relative to the area with
non-zero FRP from 2003-2025). These areas are substan-
tially greater than the baseline area for a 23 year period, with
total FRP similar to — though slightly lower than — the hot
summers of 2003 and 2006.

The anomaly in the highest 7d average period of maxi-
mum daily VPD relative to 1990-2019 shows high values
across Europe (Fig. 3c and d), with the exception of some
Baltic regions and Belarus. Extreme VPD values strongly re-
late to wildfire danger, with high values relating to extreme
evaporative demand and very low fine fuel moistures (Ro-
drigues et al., 2024). VPD is highest in southern Europe due
to its strong relationship with temperature, which also results
in a strong sensitivity to climate change — contributing to
the widespread high extremes observed in 2025 (Swain et
al., 2025). Anomalies are much less strong in wind speed,
with small positive anomalies corresponding to upticks in
wildfire activity in northwestern Iberia, the eastern Adriatic
and Ionian coast, and northern and western Tiirkiye (Fig. 3e
and f). Weekly extremes in the product of daily maximum
wind speed and vapour pressure deficit (HDWI) also show
a strong positive anomaly across most of Europe (Fig. 3g
and h) with the strongest relative anomalies in northwestern
Spain, the Pyrenees, and northern Tiirkiye.

Spring saw severe drought conditions in Britain and much
of northern Europe (Fig. 3i). A moist spring across most of
southern Europe was followed by a whiplash into very dry
summer conditions (Fig. 3j), which on average will have re-
sulted in higher than average vegetation and lower than av-
erage fuel moisture and elevated wildfire likelihood (Swain
et al., 2025). The large exception to the 2025 southern Euro-
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Figure 3. (a) The average FRP over the period March to October, 2025, according to the MODIS active fire product, and (b) the rank of 2025
MODIS FRP from March—October compared to other years since 2003. All statistics for panels (¢)—(h) are calculated at the grid-cell level
using ERAS-Land data: (¢) The maximum annual 7d rolling average of maximum daily vapour pressure deficit (vpdmax7x), and (d) the
anomaly of vpdmax7x in 2025 relative to the climatology from 1990-2019. (e) The maximum annual 7d rolling average of maximum
daily windspeed (sfcWindmax7x), and (f) the anomaly of sfcWindmax7x in 2025 relative to the climatology from 1990-2019. (g) The
maximum annual 7 d rolling average of the hot-dry-windy index — the product of maximum daily vapour pressure deficit and maximum
daily windspeed (hdwi7x), and (h) the anomaly of hdwi7x in 2025 relative to the climatology from 1990-2019. Using ERA5-Land: (i) the
standardised precipitation evapotranspiration index (SPEI) for spring (March-May) in 2025, calculated relative to 1990-2019. (j) The SPEI
for summer (June—August) in 2025, calculated relative to 1990-2019.

pean wet spring was moderately dry conditions in Tiirkiye. LAl Annual Trend - MAM LAl Annual Trend - JJA
Summer drought was most intense in Iberia and western (@) (b) n e
France as well as in the Balkan peninsula and Tiirkiye. S

There is a strong and widespread positive trend in LAI
over spring, particularly in central and western Europe, ex-
tending to Tirkiye (Fig. 4). This increase in spring green-
ing may result in an increase in the amount of live veg-
etation available to burn in the summer fire season. The
positive spring LAI trend is less pronounced or decreasing
in northern Europe, including the British Isles and Scandi-
navia. Perhaps counterintuitively, this may also have an in-
creasing effect on wildfire danger in some environments, as
wildfire activity can peak in these cooler regions before the

L MR >
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Figure 4. Summary of the annual trend (yr_l) at 0.5° aggre-
gated grid cells in (a) spring (March—May) and (b) summer (June—

growing season starts — with drought conditions exacerbat-
ing low fuel moisture and likely fire intensity (Nikonovas
et al., 2024; Sjostrom and Granstrom, 2023; Eisfelder et al.,
2025). The summer LAI trends are more spatially heteroge-
neous (Fig. 4). Significant decreasing trends are observed in
northern and central France, inland Spain and inland Tiirkiye.
There are areas with strong greening trends, including the
Alpine regions, much of Italy and southern Balkans. As a
general trend, the combination of stronger spring greening
trends relative to summer would suggest an overall increase
in the amount of biomass available to burn in the summer
fire season. Nevertheless, there are significant spatial varia-
tions. Western and northern Britain, northwestern Iberia and
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August) leaf area index (LAI) per a Theil-Sen estimator of the lin-
ear slope — using corrected LAI data from Ryu et al. (2018): 1982
to 2024.

Tirkiye show homogenous spatial patterns in terms of LAI
trends. Both Occitania and the eastern Adriatic and Ionian
regions show differences in spatial patterns, with the positive
summer LAI trend being much stronger in the southern re-
gion of the Occitania case study and in the southern region
Adriatic and Ionian case study.

In Fig. 5, we show the Naturalisation Fraction (Fig. 5a),
representing the conversion of managed lands — specifically
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Figure 5. The fraction of land converted from (a) managed (all
croplands and pastures) to unmanaged (forest, grassland, shrubland,
and sparsely vegetated) and (b) unmanaged to managed per HILDA
(Winkler et al., 2021) from 1990 to 2019.

croplands and pastures — to natural vegetation such as forests
and shrublands. As noted above, all forests here are taken
as unmanaged, which is in many countries not always the
case, thus the metric is to be taken as indicative. This pro-
cess is largely driven by rural land abandonment, a phe-
nomenon particularly prevalent in northwestern Iberia, East-
ern Europe and mountainous regions. Conversely, Fig. 5b
depicts the trend of Agricultural Intensification, where nat-
ural or unmanaged lands are converted into human-managed
systems. The transition from managed to unmanaged land
significantly alters both the volume and spatial arrangement
of biomass available for combustion. As traditional agricul-
tural and grazing practices decline, former pastures and open
woodlands undergo vegetation succession, becoming over-
grown with shrubs and dense successional vegetation. This
process increases the total fuel load in these regions. Further-
more, managed landscapes historically provided fuel breaks
through land-use diversification that tend to be lost as natu-
ralization progresses. The resulting landscape becomes more
spatially contiguous, allowing wildfires to propagate across
larger areas with fewer obstacles to the wildfire spread.

As the effects of these European wide trends can be very
different, depending on the fire regime, we now present ob-
served trends and attribution of meteorological variables to
climate change for the five study regions. Reanalysis and
climate model based attribution results were separately un-
dertaken in this analysis (see Appendices for a complete
overview), with the synthesis of both reported in the results
section per Philip et al. (2020) unless otherwise stated.

4.2 Northwestern Iberia

As discussed above, the wildfire activity in northwestern
Iberia was the primary European signal in 2025 for both FRP
and emissions (Parrington and McNorton, 2025, Fig. 3). An
extreme 10d peak in FRP in mid-August preceded by per-
sistent high temperatures and VPD and concurrent with an
uptick in winds (Fig. 6a). The event occurred in a dry sum-
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mer (Fig. 6c¢), following a wet spring (Fig. 6b). Therefore,
favourable conditions for fuel accumulation were followed
by an anomalously intense (Fig. 6¢) drying period — creating
high, dry fuel loads most conducive to intense summer wild-
fires. The lush spring and dry summer is also substantiated
by high spring and relatively low summer LAI (Fig. 6d).

Whilst trends in reanalysis data are higher, the synthesis
of observations and models (Philip et al., 2020) finds a more
conservative increase in the probability of the 7d VPD con-
ditions of 3.5 times, and an increase of 400 Pa in the inten-
sity of a similar return-period event, due to climate change.
A further 2.5 times increase in likelihood is predicted by
climate models under +1.3 °C further climate change. The
confidence interval on the change in weekly extreme wind
speed encompasses both positive and negative effects, with
the central estimate being a 15 % increase in likelihood or
small 0.07ms~! increase in magnitude. The HDWI value
was approximately 3 times as likely or 20 % more intense
compared to in the preindustrial climate. However, consid-
ering only observed data, the hot, dry, windy event was ex-
tremely unlikely before human-caused climate change, and is
near infinitely more likely today. Future climate projections
also find a strong increase in these conditions, indicating that
the sensitivity of VPD to temperatures is not projected to ac-
company a substantial decrease in windy conditions on hot,
dry days (Table 1).

Low summer effective precipitation was approximately
five times more likely due to climate change, and about 50 %
drier in comparison to preindustrial for an event of similar
return period. This drying trend is projected to continue with
future climate change, with a further 2.5 probability ratio or
40 % further decrease in effective precipitation for what is
currently a one in five year dry event. The spring moisture
trend is not emergent from variability (Table AS), meaning
that lush springs followed by very dry summers remain likely
in the future. Indeed, the remotely sensed LAI shows a green-
ing trend in both spring and summer, with the trend strongest
in spring and appearing to have recently plateaued or de-
creased in summer (Fig. 6d). The region has seen significant
variation in the managed land fraction since the 1990s, with
natural vegetation having increased overall (Fig. 6i), however
strong simultaneous abandonment and naturalisation trends
are apparent in the region (Fig. 5).

4.3 Western and Northern Britain

Early April 2025 saw a distinct FRP peak in western and
northern areas of Britain, coinciding with a short period
where maximum daily VPD exceeded 600 Pa, and conditions
were still reasonably windy (Fig. 7a). This was accompanied
by a very strong drought anomaly (Fig. 7b) which was likely
a chief contributor to 2025’s record-breaking burned area in
the region.

In western and northern Britain, there are no significant
trends in weekly VPD, wind speed or hot-dry-windy ex-
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Figure 6. Northwestern Iberia summary of event conditions and regional trends. (a) Time series of daily maximum wind speed and daily
maximum VPD averaged over the study region, overlaid with remotely sensed fire radiative power. (b) Spring (MAM) 3-month standardised
precipitation-evapotranspiration index. (¢) Summer (JJA) 3-month standardised precipitation-evapotranspiration index. (d) Trends in spring
(MAM) and summer (JJA) leaf area index (LAI) according to bias corrected data per Ryu et al. (2018) and raw data from MODIS. (e) The
GEV fit of spring maximum 7 d smoothed daily maximum vapour pressure deficit (vpdmax7x) in the present climate (red) and preindustrial
climate (blue). (f) The GEV fit of spring maximum 7 d daily maximum surface wind speed (sfcWindmax7x) in the present climate (red)
and smoothed preindustrial climate (blue). (g) The GEV fit of spring maximum 7 d smoothed hot-dry-windy index (HDWI, the product
of vpdmax and sfcWindmax) in the present climate (red) and preindustrial climate (blue). (h) The GEV fit of JJA effective precipitation
(precipitation less evapotranspiration) in the present climate (red) and preindustrial climate (blue). (i) The fraction of managed land relative
to natural and managed land over time, per HILDA.

Table 1. The change in probability (with 95 % confidence interval) of the conditions seen in northwestern Iberia in 2025. The maximum
annual 7 d average of maximum daily VPD, maximum daily surface wind speed, and the product of those (HDWI) was assumed to follow
a GEV distribution in which the location parameter varies with GMST. The likelihood of low effective precipitation and spring (MAM)
and summer (JJA) were assumed to follow a Gaussian distribution with the location parameter again varying with GMST. The synthesis of
climate models and observations is undertaken according to Philip et al. (2020). Statistically significant effects are given in bold. The present
climate is assumed to be +1.3 °C higher than the preindustrial average, with the future scenario defined as +2.6 °C above preindustrial. A
full breakdown of the attributed probability ratio and intensity delta are provided in Appendix A.

2025 Extreme Event Future Probability/Present Probability Future Probability/
Present Probability
ERAS5-Land  Synthesis with CMIP6 CMIP6 and CORDEX
and CORDEX models models
7d HDWI 8740 (36.2, inf) 2.86 (1.26, 29.3) 2.61 (1.41, 4.87)
7d VPDx 11.1 (2.69, 455) 3.58 (1.07, 48.7) 2.48 (1.38, 4.48)
7 d sfcWindx 1.18 (0.352, 4.85) 1.154 (0.358, 5.91) 1.07 (0.558, 2.13)
MAM Effective Precipitation 1.2 (0.84, 1.6) 1.1 (0.79, 1.6) 1.1(1,1.2)
JJA Effective Precipitation 14 (3, 93) 5.4 (1.3,34) 2.51.7,3.8)

tremes to the 95 % confidence threshold. There are no clear
trends in wind speed or HDWI, with a best estimate of a 68 %
increase in the likelihood of similar VPD conditions. Reanal-
ysis data does show a statistically significant increase in the
likelihood of similar VPD and HDWI conditions. Whilst the
emergence of a fire weather driven summer fire season is pos-
sible with future warming (Perry et al., 2022), the spring peak
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of fire activity in 2025 was drought driven. The statistical
model fit to spring effective precipitation found a return pe-
riod of one in 140 years (with a 95 % CI of 23-8300 years)
to the MAM precipitation deficit, with a strong observed cen-
tral estimate of the increase in the likelihood of such an event
of approximately 6.6 times. Whilst high in magnitude this
trend is not reproduced in climate models that find no trend
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Figure 7. Western and northern Britain summary of event conditions and regional trends. (a) Time series of daily maximum wind speed and
daily maximum VPD averaged over the study region, overlaid with remotely sensed fire radiative power. (b) Spring (MAM) 3-month stan-
dardised precipitation-evapotranspiration index. (¢) Summer (JJA) 3-month standardised precipitation-evapotranspiration index. (d) Trends
in spring (MAM) and summer (JJA) leaf area index (LAI) according to bias corrected data per Ryu et al. (2018) and raw data from MODIS.
(e) The GEV fit of annual maximum 7 d smoothed daily maximum vapour pressure deficit (vpdmax7x) in the present climate (red) and prein-
dustrial climate (blue). (f) The GEV fit of annual maximum 7 d daily maximum surface wind speed (sfcWindmax7x) in the present climate
(red) and smoothed preindustrial climate (blue). (g) The GEV fit of annual maximum 7 d smoothed hot-dry-windy index (HDWTI, the product
of vpdmax and sfcWindmax) in the present climate (red) and preindustrial climate (blue). (h) The GEV fit of JJA effective precipitation
(precipitation less evapotranspiration) in the present climate (red) and preindustrial climate (blue). (i) The fraction of managed land relative

to natural and managed land over time, per HILDA.

in spring drought since preindustrial (Table 2). Spring LAI
shows a minor increasing trend in this region (Fig. 7d), pos-
sibly due to an earlier spring onset (Li et al., 2022), and the
fraction of managed land in Britain is comparatively stable
(Fig. 71).

4.4 Occitania

A single wildfire event in Aude, on 5 August, generated an
extremely strong spike in FRP. Up until the event, wind and
VPD had been inversely related, with 5 August correspond-
ing to the first summer overlap of higher wind and VPD con-
ditions (Fig. 8a). Leading up to the event, spring moisture
had been typical in the region (Fig. 8b), followed by a mod-
erately dry summer anomaly, most intense over the region
where the Aude wildfire occurred. This drought resulted in
a low 2025 summer LAI, which likely resulted in a higher
proportion of dead or stressed vegetation — more vulnerable
to wildfire spread.

The likelihood of hot and dry conditions at least as ex-
treme as those observed in 2025 showed an extremely strong
increasing trend in the reanalysis data. This was tempered by
a much more moderate (but still predominantly increasing)
effect across climate models — with the central estimate be-
ing that 2025’s VPD conditions have been made over 4 times
more likely due to past climate change. As in other regions,
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the trend in hot, dry and windy conditions is temperature-
driven, with climate change having had little positive or neg-
ative effect on the likelihood of widespread high wind events.
Additionally, there is a strong summer drying effect in the re-
gion, with 2025’s moderately dry conditions made over three
times as likely, with a 70 % increase in the moisture deficit
arising from human-caused climate change (Table 3).

There is a strong spring greening trend in the region
(Fig. 8d), with the increase in dry summer events result-
ing in an increased likelihood of high fuel-load, high fuel
curing conditions most conducive to extreme wildfire events
(the slow drying processes that make bulky dead vegetation
highly flammable). This increase in fuel availability is mir-
rored by a decrease in the managed land fraction over the
study area, with land abandonment in the area likely result-
ing in heightened fire danger over more dense and continuous
vegetation.

4.5 Eastern Adriatic and Ionian

The eastern Adriatic and Ionian coast saw two distinct peri-
ods of high wildfire activity in summer of 2025 — both cor-
responding to simultaneous highs in VPD and wind speed
(Fig. 9a). The majority of the study regions saw moist con-
ditions — with the exception of a dry anomaly on the Greek
and southern Albanian coasts (Fig. 9b). This was followed
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Table 2. The change in probability (with 95 % confidence interval) of the conditions seen in western and northern Britain in 2025. The maxi-
mum annual 7 d average of maximum spring (MAM) daily VPD, maximum spring daily surface wind speed, and the product of those (spring
maximum HDWI) was assumed to follow a GEV distribution in which the location parameter varies with GMST. Effective precipitation and
spring (MAM) and summer (JJA) were assumed to follow a Gaussian distribution with the location parameter again varying with GMST.
The synthesis of climate models and observations is undertaken according to Philip et al. (2020). Statistically significant effects are given in
bold. The present climate is assumed to be +1.3 °C higher than the preindustrial average, with the future scenario defined as +2.6 °C above
preindustrial. A full breakdown of the attributed probability ratio and intensity delta are provided in Appendix B.

2025 Extreme Event Future Probability/Present Probability Future Probability/
Present Probability
ERAS5-Land  Synthesis with CMIP6 CMIP6 and CORDEX
and CORDEX models models
7d MAM HDWI 3.92 (1.61, 56.9) 1.10 (0.561, 3.44) 0.997 (0.609, 1.66)
7d MAM VPDx 3.67 (1.32,78.3) 1.68 (0.489, 14.0) 1.31(0.612, 2.73)
7d MAM sfcWindx 1.07 (0.894, 1.28) 1.02 (0.865, 1.23) 0.912 (0.575, 1.44)
MAM Effective Precipitation 6.6 (0.19, 170) 1.5 (0.079, 30) 1.1(0.34,3.2)
JJA Effective Precipitation 0.37 (0.08, 1) 0.52 (0.097, 2.2) 1.7 (0.79, 3.7)
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Figure 8. Occitania summary of event conditions and regional trends. (a) Time series of daily maximum wind speed and daily maximum VPD
averaged over the study region, overlaid with remotely sensed fire radiative power. (b) Spring (MAM) 3-month standardised precipitation-
evapotranspiration index. (¢) Summer (JJA) 3-month standardised precipitation-evapotranspiration index. (d) Trends in spring (MAM) and
summer (JJA) leaf area index (LAI) according to bias corrected data per Ryu et al. (2018) and raw data from MODIS. (e) The GEV fit of
annual maximum 7 d smoothed daily maximum vapour pressure deficit (vpdmax7x) in the present climate (red) and preindustrial climate
(blue). (f) The GEV fit of annual maximum 7 d daily maximum surface wind speed (sfcWindmax7x) in the present climate (red) and smoothed
preindustrial climate (blue). (g) The GEV fit of annual maximum 7 d smoothed hot-dry-windy index (HDWI, the product of vpdmax and
sfcWindmax) in the present climate (red) and preindustrial climate (blue). (h) The GEV fit of JJA effective precipitation (precipitation less
evapotranspiration) in the present climate (red) and preindustrial climate (blue). (i) The fraction of managed land relative to natural and

managed land over time, per HILDA.

by summer drought conditions (Fig. 9c) — meaning that over-
all conditions were generally favourable for fuel growth and
subsequent senescence and curing. Supporting this, spring
LAI was normal, with a low summer LAI possibly related
to an increase in vegetation stress.

The hot, dry and windy conditions that drove both major
wildfire events in summer, 2025 (Fig. 9a) have strongly in-
creased as a consequence of human caused climate change.
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The most extreme 7d of VPD conditions are estimated to
have increased in likelihood by approximately nine times,
and weekly extreme winds are found to have a probability
ratio of approximately 80 %. However, while both of these
central estimates show a high magnitude of change in like-
lihood, neither is statistically significant to the 95 % con-
fidence interval. The 7d HDWI extreme observed in 2025
is statistically significant, with conditions about four times
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Table 3. The change in probability (with 95 % confidence interval) of the conditions seen in Occitania in 2025. The maximum annual 7 d
average of maximum daily VPD, maximum daily surface wind speed, and the product of those (HDWI) was assumed to follow a GEV
distribution in which the location parameter varies with GMST. Effective precipitation and spring (MAM) and summer (JJA) were assumed
to follow a Gaussian distribution with the location parameter again varying with GMST. The synthesis of climate models and observations is
undertaken according to Philip et al. (2020). Statistically significant effects are given in bold. The present climate is assumed to be +1.3 °C
higher than the preindustrial average, with the future scenario defined as 4-2.6 °C above preindustrial. A dash is given where observations
and climate models are unsynthesisable due to infinite values. A full breakdown of the attributed probability ratio and intensity delta are
provided in Appendix C.

2025 Extreme Event Future Probability/Present Probability Future Probability/
Present Probability
ERAS5-Land  Synthesis with CMIP6 CMIP6 and CORDEX
and CORDEX models models
7d HDWI o0 (21.2, o0) - 1.96 (0.561, 7.04)
7d VPDx 461 (5.61, c0) 4.45 (0.23, 1930) 2.54 (0.714, 10.4)
7 d stcWindx 1.29 (0.886, 2.06) 1.09 (0.870, 1.58) 0.973 (0.864, 1.10)
MAM Effective Precipitation 1.5 (0.9, 2.5) 1.1 (0.79, 1.6) 1.1 (0.98, 1.2)
JJA Effective Precipitation 20 (6, 140) 3.3(1.2,15) 14 (1.1,1.8)
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Figure 9. Eastern Adriatic and Ionian summary of event conditions and regional trends. (a) Time series of daily maximum wind speed and
daily maximum VPD averaged over the study region, overlaid with remotely sensed fire radiative power. (b) Spring (MAM) 3-month stan-
dardised precipitation-evapotranspiration index. (¢) Summer (JJA) 3-month standardised precipitation-evapotranspiration index. (d) Trends
in spring (MAM) and summer (JJA) leaf area index (LAI) according to bias corrected data per Ryu et al. (2018) and raw data from MODIS.
(e) The GEV fit of annual maximum 7 d smoothed daily maximum vapour pressure deficit (vpdmax7x) in the present climate (red) and prein-
dustrial climate (blue). (f) The GEV fit of annual maximum 7 d daily maximum surface wind speed (sfcWindmax7x) in the present climate
(red) and smoothed preindustrial climate (blue). (g) The GEV fit of annual maximum 7 d smoothed hot-dry-windy index (HDWI, the product
of vpdmax and sfcWindmax) in the present climate (red) and preindustrial climate (blue). (h) The GEV fit of JJA effective precipitation
(precipitation less evapotranspiration) in the present climate (red) and preindustrial climate (blue). (i) The fraction of managed land relative
to natural and managed land over time, per HILDA.

more likely compared to in the preindustrial climate, with
an event of a similar return period (about 7 years) to today
about 20 % more intense. Whilst spring effective precipita-
tion shows an unclear signal in response to climate change,
summer effective precipitation displays a strong increase in
likelihood and intensity of dry spells — especially according
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to observations — with 2025’s dry conditions about 3.5 times
more likely (Table 4).

There also appears to be a spring greening trend, in the re-
gion — especially clear in the corrected time series developed
from Ryu et al. (2018). There has also been an historic green-
ing trend in summer — though this appears to have plateaued
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Table 4. The change in probability (with 95 % confidence interval) of the conditions seen in eastern Adriatic and Ionian in 2025. The
maximum annual 7 d average of maximum daily VPD, maximum daily surface wind speed, and the product of those (HDWI) was assumed
to follow a GEV distribution in which the location parameter varies with GMST. Effective precipitation and spring (MAM) and summer (JJA)
were assumed to follow a Gaussian distribution with the location parameter again varying with GMST. The synthesis of climate models and
observations is undertaken according to Philip et al. (2020). Statistically significant effects are given in bold. The present climate is assumed
to be 4-1.3 °C higher than the preindustrial average, with the future scenario defined as +2.6 °C above preindustrial. A full breakdown of the
attributed probability ratio and intensity delta are provided in Appendix D.

2025 Extreme Event Future Probability/Present Probability Future Probability/
Present Probability
ERAS5-Land  Synthesis with CMIP6 CMIP6 and CORDEX
and CORDEX models models
7d HDWI 8.99 (2.13, 133) 3.97 (1.01, 38.0) 2.35 (1.33, 4.20)
7d VPDx 70.2 (5.78, 125 000) 9.11 (0.711, 1310) 2.37 (1.54, 3.59)
7 d sfcWindx 3.00 (1.28, 12.9) 1.83 (0.613, 7.88) 0.802 (0.437, 1.51)
MAM Effective Precipitation 1.4 (0.91,2.3) 1.4 (0.78,2.7) 1.3(0.97, 1.6)
JJA Effective Precipitation 11 (1.7, 95) 3.6 (0.75, 22) 2 (0.96, 4.1)

in recent years. This trend likely reflects high fuel loads and
an increasingly connected landscape since 1980 — which can
have a corresponding increasing effect on the likelihood of
large and intense wildfire events. The region has been charac-
terised by periods of net land reclamation and abandonment,
however in recent years there has been a period of relatively
rapid land abandonment — which can also exacerbate wildfire
behaviour.

4.6 Northern and Western Tiirkiye

The 2025 fire season in northern and western Tiirkiye was
defined by extreme meteorological and hydrological condi-
tions that drove two distinct peaks in wildfire activity. The
initial surge began in mid-June, driven by an earlier-than-
usual period of very high VPD — indicating exceptionally dry
air. This period briefly overlapped with, and was followed
by, a phase of high wind speeds on 27 June, creating con-
ditions conducive to rapid fire spread before a notable break
later in the month. The more intense late July fires occurred
amid even higher VPD coincident with several days of strong
winds (Fig. 10a).

Preconditioning these active fire periods, northwestern
Tiirkiye experienced a significant hydrological deficit, espe-
cially throughout the spring and summer months. Mild mois-
ture stress in spring (MAM, Fig. 10b) intensified into se-
vere drought conditions by the summer (JJA, Fig. 10c). This
aridity likely limited the biomass accumulation of annual
plants, and possibly caused increased stress and mortality
amongst longer-lived vegetation — evidenced by the moder-
ately low spring and very low summer LAI values (Fig. 10d).
Moisture-stressed and deceased shrubs and trees can strongly
enhance landscape flammability.

In reanalysis data we find a near infinite increase in the
probability of extreme 7 d periods of VPD and HDWI over
northern and western Tiirkiye, with the intensity of a sim-
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ilarly rare event observed to have increased by approxi-
mately 900 Pa (VPD) or 35 % (HDWI) since the preindus-
trial. Whilst climate models were not synthesisable with ob-
served trends due to infinite values, they also showed a high
magnitude of change with warming (Appendix E), with cli-
mate models finding a 13 times increase in the likelihood of
equivalently intense VPD conditions due to climate change.
Windy conditions were also estimated to have increased in
likelihood due to climate change (Table 5).

Climate change has had a strong effect on summer drought
increasing the likelihood of dry conditions such as those seen
in 2025 by approximately 20 times. Historically increasing
spring and summer LAI have been followed by recent very
low years, which could be associated with the increased in-
stance of extreme drought in the region. Over past decades
there has been a strong trend towards the conversion of man-
aged to natural land-use classes, this likely relates to increas-
ing land abandonment and a consequent heightening of the
wildfire hazard.

5 Discussion

Increasingly intense heatwaves in Europe have been linked
to the occurrence of the continent’s largest wildfires (Costa-
Saura et al., 2025). This is primarily due to the exponential
response of VPD to temperature (Swain et al., 2025), which
through extremes in atmospheric moisture demand can drive
very low dead fuel moistures and consequently high wild-
fire danger (Resco de Dios et al., 2022). Given the minor
and uncertain responses of wind speed to global mean sur-
face temperature, major increases in hot and dry conditions
will drive increasingly frequent hot, dry and windy com-
pound events. The four southern European events studied
in this analysis all saw extreme VPD values concurrent to,
or preceding, the wildfire outbreaks, and in all four regions
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Figure 10. Northern and Western Tiirkiye summary of event conditions and regional trends. (a) Time series of daily maximum wind speed
and daily maximum VPD averaged over the study region, overlaid with remotely sensed fire radiative power. (b) Spring (MAM) 3-month stan-
dardised precipitation-evapotranspiration index. (¢) Summer (JJA) 3-month standardised precipitation-evapotranspiration index. (d) Trends
in spring (MAM) and summer (JJA) leaf area index (LAI) according to bias corrected data per Ryu et al. (2018) and raw data from MODIS.
(e) The GEV fit of annual maximum 7 d smoothed daily maximum vapour pressure deficit (vpdmax7x) in the present climate (red) and prein-
dustrial climate (blue). (f) The GEV fit of annual maximum 7 d daily maximum surface wind speed (sfcWindmax7x) in the present climate
(red) and smoothed preindustrial climate (blue). (g) The GEV fit of annual maximum 7 d smoothed hot-dry-windy index (HDWI, the product
of vpdmax and sfcWindmax) in the present climate (red) and preindustrial climate (blue). (h) The GEV fit of JJA effective precipitation
(precipitation less evapotranspiration) in the present climate (red) and preindustrial climate (blue). (i) The fraction of managed land relative
to natural and managed land over time, per HILDA.

Table 5. The change in probability (with 95 % confidence interval) of the conditions seen in northern and western Tiirkiye in 2025. The
maximum annual 7 d average of maximum daily VPD, maximum daily surface wind speed, and the product of those (HDWI) was assumed
to follow a GEV distribution in which the location parameter varies with GMST. Effective precipitation and spring (MAM) and summer (JJA)
were assumed to follow a Gaussian distribution with the location parameter again varying with GMST. The synthesis of climate models and
observations is undertaken according to Philip et al. (2020). Statistically significant effects are given in bold. The present climate is assumed
to be +1.3 °C higher than the preindustrial average, with the future scenario defined as +2.6 °C above preindustrial. A dash is given where
observations and climate models are unsynthesisable due to infinite values. A full breakdown of the attributed probability ratio and intensity
delta are provided in Appendix E.

2025 Extreme Event Future Probability/Present Probability Future Probability/
Present Probability
ERAS5-Land  Synthesis with CMIP6 CMIP6 and CORDEX
and CORDEX models models
7d HDWI inf (134, inf) - 5.98 (1.42,28.3)
7d VPDx inf (92.8, inf) - 7.15 (2.35, 22.5)
7 d sfcWindx 4.38 (1.08, 16.4) 1.56 (0.753, 3.81) 1.08 (0.767, 1.49)
MAM Effective Precipitation 6.2 (1.3, 40) 3.3(0.68,21) 1.4 (0.97,2)
JJA Effective Precipitation 31 (3.2, 310) 20 (1.4, 330) 52.1,12)

the highest 7d average of maximum daily VPD (hereafter
VPDx7x) has greatly increased with global average temper-
atures. For example in Occitania, VPDx7x was over 4000 Pa
with a current return period of about 70 years — contribut-
ing to by far the largest wildfire event in the region in over
50 years. In northwestern Iberia, maximum VPD was near or
above 3000 Pa for 16 d before the wildfires, with the return
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period for VPDx7x not rare in today’s climate (Appendix A).
In all regions, observations showed clear emergence of a
strong increase in the likelihood and intensity of VPDx7x
beyond natural variability, while the trend in climate mod-
els is much weaker but still positive — most notably emer-
gent reanalysis based probability ratios of 70 (eastern Adri-
atic/Ionian), 460 (Occitania), and near-infinity (western and
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northern Tiirkiye) were estimated to be 4.2, 2.2, and 11.2 re-
spectively in climate models. This large difference relates to
the underestimation of summer warming over Europe under
EURO-CORDEX (Vautard et al., 2020) and CMIP6 (Ribes
et al., 2022) models — which has been explained by the un-
derestimation of regional aerosol reduction by climate mod-
els (Schumacher et al., 2024). The synthesised attribution of
VPDx7x accounting for both reanalysis and climate model
data presented here can therefore be taken as a conservative
estimate.

Because the study regions were selected for extreme wild-
fire activity, all regions experienced dry fire-season condi-
tions — a prerequisite for intense and rapid spreading fires.
Northwestern Iberia and the eastern Adriatic/Ionian both saw
lush springs followed by dry summers, this so-called hydro-
climate whiplash (Swain et al., 2025; McNorton et al., 2025)
driving favourable growing and then drying conditions for
unusual accumulation of dry fuels. In northwestern Iberia,
shrublands were more severely burnt than established forests,
and in the eastern Adriatic the semi-arid climate and low total
moisture capacity of the thin soil layer means that plants are
adapted to grow rapidly when moisture is available (Schwin-
ning and Ehleringer, 2001). In all southern European regions,
the summer drying trend in effective precipitation is much
stronger than in spring, meaning that future fire seasons are
more likely to be characterised by a highly productive spring
followed by summer fuel curing. Tiirkiye, which also has a
summer fire season, experienced a dry spring in contrast to
the moist growing season in other regions. Wildfires were
most extreme in forested regions of Tiirkiye, where persis-
tent lows in effective precipitation throughout spring and
summer resulted in higher than average vegetation mortal-
ity increasing dead fuel loads and surface wildfire intensity
(Stephens et al., 2018). The increasingly intense fire regime
in northern Tiirkiye can partially be explained by a substan-
tial spring and emergent summer drying trend (Appendix E)
in historically moister forests (Ekberzade et al., 2024). The
extremely dry British spring also exacerbated western and
northern Britain’s existing spring fire season. This spring dry
event was extremely rare, and is projected to remain so with
future climate change. It is, however, informative on how low
live fuel moisture due to pre-growing season vegetation dor-
mancy (Little et al., 2024; Davies et al., 2010) can be com-
pounded by very low effective precipitation. Both spring and
summer LAI in all regions show an increasing trend since
1980, regardless of trends in land use, which can likely be
explained by CO; fertilization (Jeong et al., 2026) and an ear-
lier start to the spring growing season (Menzel et al., 2006).
Summer LAI shows a rapid, recent browning trend across
study regions, which cannot be explained by recent orbital
drift in MODIS (Jiang et al., 2017) due to no accompanying
trend in spring. This could be the result of the trend towards
drier summer conditions over much of Europe (Bakke et al.,
2023) and the very strong increase in European extreme sum-
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mer heat (Arias et al., 2021) which can have a major effect
on vegetation stress and mortality (McDowell et al., 2008).
We find a large increase in most of the extreme heat, com-
pound hot-dry-windy, and seasonal dryness meteorological
drivers of the severe wildfires across the five case study re-
gions. With the emergence of these novel extremes in wild-
fire, there also emerge important changes to wildfire-related
risks and their management. In the highly fire-prone eastern
Adriatic/Ionian and northwestern Iberian regions the hot, dry
and windy conditions that drove 2025’s wildfires are now
commonplace, but have been very rare in the past, according
to ERAS5-Land reanalysis data. Regardless of whether this is
the result of an underestimation of the trend in the climate
models, as suggested by several studies discussed above, or
random undersampling of possible but unrealised extreme
conditions in the past, both regions are now fire regimes
in which these historically rare conditions can be expected
once or twice a decade. In Tiirkiye and Occitania, 2025’s fire
weather conditions were still unlikely, but rapidly becoming
more common, with reanalysis-only attribution finding near
infinite increases in the likelihood of weekly HDWI condi-
tions. In northern Tiirkiye, recent drying and large fires in
the Black Sea Forests could be the first signs of a trans-
formation towards a more Mediterranean fire regime (Ek-
berzade et al., 2024). In Occitania, the Aude wildfire was
an archetypical extreme wildfire event, driven by extreme
heat and winds, which are increasing globally (Abatzoglou
et al., 2025) and regionally (Barbero et al., 2020) with cli-
mate change — and may offer insight into future extremes
in the region. In Britain, the emergence of a higher inten-
sity summer fire season (Arnell et al., 2021; Perry et al.,
2022) is of increasing importance to risk managers (NFCC,
2025b), though this effect is less pronounced in the north-
ern and western British region studied here. The emergence
of novel fire regimes pose major challenges from a man-
agement perspective. Although European policymakers are
aware of the emergence of new wildfire extremes (von der
Leyen, 2025), with a new pan-European fire fighting force
announced (Bassler, 2026), land ownership and management
practices are fragmented — with adaptations often made in re-
sponse to past, realised impacts as opposed to the present or
future risk of as yet unrealised events (Travis, 2014).
Foremost amongst these impacts of extreme wildfires are
those on health, structures and ecology. Whilst less visible
than ecological or property destruction, millions of global
excess deaths are estimated due to wildfire smoke annually
(Chen et al., 2021). The wildfire emissions in 2025 were
the highest on record since 2003, primarily contributed to
by the Iberian wildfires from 10-20 August which resulted
in multiple days of poor air quality (Parrington and McNor-
ton, 2025). Given that large, rapid-spreading wildfires are
increasing in the region due to climate change (Sect. 4.2,
Senande-Rivera et al., 2025) this impact is likely of increas-
ing pertinence. Whilst increasing extreme fire likelihood is
important, the coincidence of this with the expansion of the
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WUI poses the most risk to structures. In Tiirkiye, there has
been a large expansion in the WUI in recent decades, with
a large number of structures destroyed and over 50 000 peo-
ple evacuated this year (Keeping et al., 2025a). Guo et al.
(2024) find the greatest expansion of the WUI in Europe to
have been over Tiirkiye and Portugal, where rural land aban-
donment and increasingly extreme fire weather are causing
conditions favourable to large, fast spreading wildfires. This
expansion of the WUI is also associated with a substantial
increase in ignition pressure (Badia et al., 2011), further am-
plifying risk due to a greater number of wildfire events. In
addition to financial losses from property destruction, wild-
fires can pose a major risk to Mediterranean viticulture as
fire smoke can spoil grape harvests (Madhusoodanan, 2021).
Whilst wildfires are an integral part of the ecosystem for
many fire adapted Mediterranean species — especially shrub-
lands (Keeley and Pausas, 2022) — extremely intense and
large wildfires can be very harmful. Frequent intense crown
fires, such as those seen in Tiirkiye, the eastern Adriatic/lo-
nian and Occitania, can drive irreversible shifts towards open
woodland or shrubland states (Diaz-Delgado et al., 2003;
Baudena et al., 2020) — which has been projected under re-
gional climate scenarios (Ekberzade et al., 2024).

This study relies on a constrained set of meteorological,
vegetation and land-use predictors to characterise trends in
their contribution to wildfire danger. These variables char-
acterise the key driving effects of instantaneous fire weather
(VPD, wind speed and HDWI), antecedent moisture condi-
tions (seasonal effective precipitation and SPEI), seasonal
live vegetation cover (LAI), and land management (man-
aged or unmanaged land). However, some limitations do ap-
ply. First, wind speed as parameterised in reanalysis prod-
ucts does not correspond well to actual observed wind speed,
where these observations exist. Wind varies substantially at
fine temporal and spatial scales, whilst reanalysis products
estimate mean flow at a much coarser spatial and temporal
resolution — which could be argued to differ from the scale
at which winds drive wildfire events. Furthermore, IFS based
models ERAS and ERA5-Land have been found to under-
estimate mean wind flow generally (Sheridan et al., 2022;
Arregoces et al., 2024) and over Europe (Murcia et al., 2022;
Patra et al., 2025). Nonetheless, reanalysis products are well
correlated (Brune et al., 2021; Murcia et al., 2022) with ob-
servations over Europe, allowing monotonic predictive rela-
tionships to be made with observations to predict actual wind
values (Weekes and Tomlin, 2014; Basse et al., 2021). We
therefore deem the reanalysis and climate model characteri-
sations of mean wind speed as closely related to the effect of
winds on wildfire, with high values in one closely related to
high values in the other. Second, LAI provides a good rep-
resentation of the area covered by photosynthetically active
vegetation, but does not directly represent total fuel load, in-
cluding dead fuels, or fine-scale vegetation continuity. Whilst
a comprehensive fuel model, able to distinguish live and dead
fuels, would be very useful, seasonal and total LAI in com-
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bination with moisture stress (SPEI) is sufficient to describe
the basic trends in fuel moisture and abundance covered here.
The trends in LAI presented in this paper give context to
trends in the direct vegetation drivers of wildfire such as
fuel load and continuity, but should be interpreted as indi-
rect evidence of such shifts. Site-based studies are required
for ground-truthed fuel trends. Third, the land management
fraction used to describe land management here is of vari-
able utility in different regions. It is a first-order measure of
shifts in total landscape management scheme in a region, but
does not account for differences in how different manage-
ment schemes may result in different vulnerability to fires.
For example, in the UK the great majority of forests are man-
aged in some way, but nonetheless vulnerable to fires (e.g.
Swinley Forest in 2011 or Galloway Forest Park in 2025),
whilst agriculturally managed land is much less so. Whilst
trends in land management should thus perhaps be ignored
over Britain, in other more fire-prone regions it provides a
useful heuristic for changes in land use and vegetation man-
agement.

6 Conclusion

This study offers a comprehensive overview and attribution
of the key weather drivers of five extreme wildfire events
over Europe in 2025. These events spanned a broad range
of weather drivers and extremity of event. In northwestern
Iberia, persistent heat followed by moderate winds, in combi-
nation with a moist spring and dry summer, contributed to the
largest Spanish burned area on record. On the eastern Adri-
atic and Ionian coast, simultaneous elevated winds and VPD
occurred in combination with similar wet spring, dry sum-
mer conditions. In both cases, all meteorological drivers were
more common than 10-year events. In western and northern
Britain, an extremely rare 140-year spring drought and 25-
year spring VPD event contributed to the highest UK burned
area on record. In Occitania, summer and spring moisture
were not extraordinary, but a 70-year VPD event contributed
to France’s largest record wildfire in 80 years. In northern
and western Tiirkiye, a moderately dry spring was followed
by a 30-year dry summer event which, in combination with
rare VPD and HDWI conditions, drove extremely damag-
ing wildfires throughout the region. The case study regions
also spanned distinct fire regimes,. These included the Euro-
pean region most prone to large fires in northwestern Iberia;
an historically small fire dominated region in Occitania; and
western and northern Britain where wildfires predominantly
occur in the spring. The studied fire regimes are also chang-
ing rapidly, with large wildfires increasing in Iberia and
southwestern France, the emergence of a summer fire season
in Britain, and the transition of historically humid northern
Turkish forest to a drier, more fire prone environment.
Across all of these diverse drivers and different fire
regimes, a straightforward increase in the likelihood and in-
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Figure 11. Probability ratios for change in likelihood of (a) annual/seasonal maximum 7d HDWI (HDWI7x), and (b) summer effective
precipitation. Bars represent the 95 % confidence interval, black dots the central estimate, and upwards arrows show where the central estimate
and/or upper bound were near infinite. Ratios are taken as between the likelihood of the event for each study region in the preindustrial climate
(0°C) and present climate (+1.3 °C). The region codes are NWI, northwestern Iberia; WNB, western and northern Britain; OCC, Occitania;
EALI Eastern Adriatic and Ionian; NWT, northern and western Tiirkiye. The fire season considered was meteorological summer for NWI,
OCC, EAl and NWT and meteorological spring for WNB, for WNB HDWI7x was only calculated over the meteorological spring, as opposed

to the full year.

tensity was found across many key weather drivers of wild-
fire. Strong trends towards drier summers were found across
the southern European regions. Summer effective precipita-
tion emerged from natural variability in northwestern Iberia,
Occitania and northern and western Tiirkiye (Fig. 11b). Ex-
treme weekly VPD was also found to have increased in fre-
quency across all study region fire seasons. VPD extremes
were emergent in the reanalysis data across all regions, and
the synthesised trend was especially strong over Tiirkiye.
Despite minor to nonexistent trends in high winds, these
shifts in VPD resulted in emergence from natural variability
in the hot, dry, windy compound index (HDWI) across the
synthesis of reanalysis and climate models in northwestern
Iberia, the eastern Adriatic/Ionian, and northern and western
Tiirkiye, and in the reanalysis only for western and northern
Britain, and Occitania (Fig. 11a).
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Appendix A: Synthesis of Attribution Results
Northwestern Iberia

Table A1. Event magnitudes and return periods (per ERAS-Land) for the Northwestern Iberia case-study region.

Event Magnitude Return Period
HDWI7x 12400  6.25(2.93,33.1)
VPDmax7x 3500  7.44(3.51,20.1)
stcWind7x 6.74  6.71(3.42,20.0)
effPr MAM 117.42 1.17 (1.03, 1.6)
effPr JJA —349.46 542 (2.84,17.57)

Table A2. HDWI7x attribution summary.

Data HDWI7x

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)
Observations Past—Present 8740 (36.2, inf) 36.7 (20.7, 58.6)
Models 2.63 (1.43,13.4) 13.1 (4.58, 23.5)
Synthesis 2.86 (1.26, 29.3) 19.1 (8.48, 32.6)
Weighted Model-Only Synthesis  Present—Future 2.61 (1.41,4.87) 10.4 (4.90, 16.1)
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Figure A1. HDWI synthesis from pre-industrial to present day (41.3 °C).
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Figure A2. HDWI synthesis from present day (+1.3 °C) to +2.6 °C.
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Table A3. VPD7x attribution summary.

Data VPDmax7x

Probability ratio (95 % CI)  Intensity change (Pa) (95 % CI)

Observations Past—Present 11.1 (2.69, 455) 618 (300, 926)
Models 2.34 (0.764, 17.9) 269 (60.7, 497)
Synthesis 3.58 (1.07, 48.7) 383 (134, 640)
Weighted Model-Only Synthesis ~ Present—Future 2.48 (1.38,4.48) 295 (184, 419)
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Figure A3. Maximum 7 d VPD synthesis from pre-industrial to present day (+1.3 °C).
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Figure A4. Maximum 7 d VPD synthesis from present day (+1.3 °C) to +2.6 °C.
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Table A4. sfcWind7x attribution summary.

T. R. Keeping et al.: Attribution of the record breaking 2025 European fire season to climate change

Data sfcWindmax7x

Probability ratio (95 % CI)  Intensity change (m s_l) (95 % CI)
Observations Past—Present 1.18 (0.352, 4.85) 0.0694 (—0.393, 0.479)
Models 1.11 (0.367, 7.34) 0.0723 (—0.306, 0.521)
Synthesis 1.154 (0.358, 5.91) 0.0709 (—0.349, 0.501)

Weighted Model-Only Synthesis  Present—Future 1.07 (0.558, 2.13)

0.0254 (—0.236, 0.303)
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Figure AS. Maximum 7 d wind speed synthesis from pre-industrial to present day (+1.3 °C).
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Figure A6. Maximum 7 d wind speed synthesis from present day (41.3 °C) to +2.6 °C.

Table AS. MAM effective precipitation attribution summary.

Data MAM Effective Precipitation

Probability ratio (95 % CI) Intensity change (%) (95 % CI)
Observations Past—Present 1.2 (0.84, 1.6) —49 (—130, 31)
Models 0.99 (0.74, 1.5) —2.3(—61, 60)
Synthesis 1.1 (0.79, 1.6) —19 (—86, 50)
Weighted Model-Only Synthesis  Present—Future 1.1(1,1.2) —30 (—54, —6)
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Figure A7. MAM eff precip synthesis from pre-industrial to present day (41.3 °C).
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Figure A8. MAM eff precip synthesis from present day (41.3 °C) to +2.6 °C.

Table A6. JJA effective precipitation attribution summary.

Data JJA Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)

Observations Past—Present 14 (3, 93) —75 (—120, —28)
Models 2.5(0.63, 14) —32(—67,3.4)
Synthesis 5.4 (1.3,34) —47 (—87,-17)
Weighted Model-Only Synthesis  Present-Future 2.5(1.7,3.8) —43 (=59, —-27)
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Figure A9. JJA eff precip synthesis from pre-industrial to present day (+1.3 °C).
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Figure A10. JJA eff precip synthesis from present day (41.3 °C) to +2.6 °C.
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Appendix B: Synthesis of Attribution Results Western
and Northern Britain (March to May)

Table B1. Event magnitudes and return periods (per ERA5-Land) for the Western and Northern Britain case-study region.

Event Magnitude Return Period

HDWI7x (MAM) 4410 11.5(5.81, 36.1)

VPDmax7x (MAM) 1070 25.3(9.98, 215)

sfcWind7x (MAM) 6.53 1.08 (1.02, 1.23)

effPrMAM —38.1 141.49 (23.47, 8328.5)

effPrJJA —1.42 6.8 (3.09, 28.17)

Table B2. HDWI7x attribution summary.
Data HDWI7x (MAM)

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)
Observations Past—Present 3.92 (1.61, 56.9) 13.6 (4.95, 27.9)
Models 0.922 (0.488, 1.85) —0.867 (—9.19, 8.58)
Synthesis 1.10 (0.561, 3.44) 5.39 (—3.08, 17.0)

Weighted Model-Only Synthesis

Present-Future 0.997 (0.609, 1.66)

0.195 (—6.36, 6.82)
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Figure B1. HDWI synthesis from pre-industrial to present day (+1.3 °C).
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Figure B2. HDWI synthesis from present day (+1.3 °C) to 2.6 °C.

https://doi.org/10.5194/nhess-26-3761-2026

Nat. Hazards Earth Syst. Sci., 26, 3761-3813, 2026



3786 T. R. Keeping et al.: Attribution of the record breaking 2025 European fire season to climate change

Table B3. VPD7x attribution summary.

Data VPDmax7x (MAM)

Probability ratio (95 % CI)  Intensity change (Pa) (95 % CI)

Observations Past—Present 3.67 (1.32,78.3) 130 (40.5, 288)
Models 1.17 (0.310, 5.10) 21.6 (—45.7,91.8)
Synthesis 1.68 (0.489, 14.0) 47.1 (—26.0, 145)
Weighted Model-Only Synthesis ~ Present—Future 1.31 (0.612, 2.73) 20.1 (—=20.8, 59.7)
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Figure B3. Maximum 7 d VPD synthesis from pre-industrial to present day (+1.3 °C).
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Figure B4. Maximum 7 d VPD synthesis from present day (+1.3 °C) to +2.6 °C.
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Table B4. sfcWind7x attribution summary.

Data sfcWindmax7x (MAM)

Probability ratio (95 % CI)  Intensity change (m s_l) (95 % CI)

Observations Past—Present 1.07 (0.894, 1.28) 0.275 (—0.415, 0.951)

Models 0.972 (0.840, 1.19) —0.208 (—1.42, 1.02)

Synthesis 1.02 (0.865, 1.23) 0.160 (—0.685, 1.00)

Weighted Model-Only Synthesis  Present—Future 0.912 (0.575, 1.44) —0.209 (—1.14,0.721)
Probability Ratio Absolute Change
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Figure B5. Maximum 7 d wind speed synthesis from pre-industrial to present day (41.3 °C).
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Figure B6. Maximum 7 d wind speed synthesis from present day (41.3 °C) to 2.6 °C.

Table BS. MAM effective precipitation attribution summary.

Data MAM Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)

Observations Past—Present 6.6 (0.19, 170) —30(—81, 20)
Models 0.61 (0.049, 9.9) 7.2 (=23, 38)
Synthesis 1.5 (0.079, 30) —2.7 (—40, 34)
Weighted Model-Only Synthesis  Present—Future 1.1 (0.34, 3.2) —1.1(—16, 14)
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Figure B7. MAM eff precip synthesis from pre-industrial to present day (+1.3 °C).
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Figure B8. MAM eff precip synthesis from (+1.3 °C) to +2.6 °C.

Table B6. JJA effective precipitation attribution summary.

Change in intensity

— ]
}
E—
T T T T T T T
200 -100 0 so

change in eff.precip (mm)

Change in intensity

T 1 I ] L 1 1
-200 -100 0 50
% change in eff.precip (mm)

Data JJA Effective Precipitation

Probability ratio (95 % CI)

Intensity change (%) (95 % CI)

Observations Past—Present 0.37 (0.08, 1) 56 (0.12, 120)
Models 1.5 (0.19, 15) —13(—48,24)
Synthesis 0.52 (0.097,2.2) 5.4 (=36, 50)
Weighted Model-Only Synthesis  Present—Future 1.7.(0.79, 3.7) —24 (—40, —7.5)
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Figure B9. JJA eff precip synthesis from pre-industrial to present day (41.3 °C).
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Figure B10. JJA eff precip synthesis from (41.3 °C) to +2.6 °C.
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Appendix C: Synthesis of Attribution Results Occitania

T. R. Keeping et al.: Attribution of the record breaking 2025 European fire season to climate change

Table C1. Event magnitudes and return periods (per ERAS5-Land) for the Occitania case-study region.

Event Magnitude Return Period
HDWI7x 11900 19.4 (4.40, 94.0)
VPDmax7x 4040 67.7 (19.4, Inf)
sfcWind7x 4.89 1.16(1.02,1.41)
effPr MAM 88.24  1.29 (1.06, 1.82)
effPr JJA —206.19 2.22(1.57,3.71)

Table C2. HDWI7x attribution summary.

Data HDWI7x

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)
Observations Past—Present NA (21.2,NA) 60.9 (35.9, 97.6)
Models 1.33 (0.0430, 98.9) 5.40 (—20.8, 40.8)
Synthesis NA (NA, NA) 40.8 (13.6, 79.6)

Weighted Model-Only Synthesis  Present—Future

1.96 (0.561, 7.04)

6.54 (—2.72, 16.6)
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Figure C1. HDWI synthesis from pre-industrial to present day (+1.3 °C).
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Figure C2. HDWI synthesis from present day (+1.3 °C) to +2.6 °C.
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Table C3. VPD7x attribution summary.

Data VPDmax7x

Probability ratio (95 % CI)  Intensity change (Pa) (95 % CI)
Observations Past—Present 461 (5.61, 257 000 000) 1080 (697, 1750)
Models 2.25(0.15, 132) 255 (26.0, 515)
Synthesis 4.45 (0.23, 1930) 403 (139, 769)
Weighted Model-Only Synthesis ~ Present—Future 2.54 (0.714, 10.4) 250 (126, 394)
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Figure C3. Maximum 7 d VPD synthesis from pre-industrial to present day (+1.3 °C).
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Figure C4. Maximum 7 d VPD synthesis from present day (41.3 °C) to +2.6 °C.
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Table C4. sfcWind7x attribution summary.

Data sfcWindmax7x
Probability ratio (95 % CI)  Intensity change (m s_l) (95 % CI)
Observations Past—Present 1.29 (0.886, 2.06) 0.138 (—0.0733, 0.364)
Models 1.03 (0.894, 1.45) 0.0259 (—0.123, 0.210)
Synthesis 1.09 (0.870, 1.58) 0.0672 (—0.108, 0.267)
Weighted Model-Only Synthesis  Present—Future 0.973 (0.864, 1.10) —0.0260 (—0.105, 0.0724)
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Figure C5. Maximum 7 d wind speed synthesis from pre-industrial to present day (+1.3 °C).
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Figure C6. Maximum 7 d wind speed synthesis from present day (41.3 °C) to +2.6 °C.

Table C5. MAM effective precipitation attribution.

Data MAM Effective Precipitation

Probability ratio (95 % CI) Intensity change (%) (95 % CI)
Observations Past—Present 1.5 (0.9, 2.5) =50 (—110, 11)
Models 0.98 (0.8, 1.4) —3.8(—-51,44)
Synthesis 1.1 (0.79, 1.6) —21(-74, 32)
Weighted Model-Only Synthesis  Present—Future 1.1 (0.98,1.2) —16 (-35,4.1)
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Figure C7. MAM eff precip synthesis from pre-industrial to present day (+1.3 °C).
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Figure C8. MAM eff precip synthesis from present day (41.3 °C) to +2.6 °C.

Table C6. JJA effective precipitation attribution.

Data JJA Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)
Observations Past—Present 20 (6, 140) —120 (—170, =71)
Models 1.4 (0.55, 4.8) —29 (—74, 16)
Synthesis 33(1.2,15) —70 (—120, —23)
Weighted Model-Only Synthesis ~ Present—Future 1.4 (1.1, 1.8) —43 (—62, —24)
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Figure C9. JJA eff precip synthesis from pre-industrial to present day (+1.3 °C).
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Figure C10. JJA eff precip synthesis from present day (+1.3 °C) to +2.6 °C.
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Appendix D: Synthesis of Attribution Results Eastern
Adriatic and Ionian

Table D1. Event magnitudes and return periods (per ERAS-Land) for the Eastern Adriatic/Ionian case-study region.

Event Magnitude Return Period

HDWI7x 9760 6.90 (3.39, 18.7)

VPDmax7x 3510 3.49 (1.90,9.41)

sfcWind7x 3.67 3.57 (2.17, 6.50)

effPr MAM 81.48 1.29 (1.07, 1.71)

effPr JJA —3259 5.66(2.58,20.82)

Table D2. HDWI7x attribution summary.
Data HDWI7x

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)
Observations Past—Present 8.99 (2.13, 133) 29.6 (10.8, 55.7)
Models 2.38 (0.635, 16.6) 13.1 (—0.345, 29.7)
Synthesis 3.97 (1.01, 38.0) 19.1 (3.64, 39.1)
Weighted Model-Only Synthesis  Present—Future 2.35(1.33, 4.20) 9.78 (4.36, 15.4)
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Figure D1. HDWI synthesis from pre-industrial to present day (+1.3 °C).
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Figure D2. HDWI synthesis from present day (+1.3 °C) to +2.6 °C.

Table D3. VPD7x attribution summary.

Data VPDmax7x

Probability ratio (95 % CI)  Intensity change (Pa) (95 % CI)
Observations Past—Present 70.2 (5.78, 125 000) 865 (441, 1290)
Models 4.20 (0.321, 150) 496 (197, 796)
Synthesis 9.11 (0.711, 1310) 618 (273, 966)
Weighted Model-Only Synthesis ~ Present—Future 2.37 (1.54, 3.59) 495 (328, 670)
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Figure D3. Maximum 7 d VPD synthesis from pre-industrial to present day (+1.3 °C).
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Figure D4. Maximum 7 d VPD synthesis from present day (41.3 °C) to +2.6 °C.

Table D4. sfcWind7x attribution summary.

Data sfcWindmax7x

Probability ratio (95 % CI)  Intensity change (m s_l) 95 % CD

Observations Past—Present 3.00 (1.28, 12.9) 0.182 (0.0417, 0.325)
Models 0.868 (0.217, 3.74) —0.0389 (—0.369, 0.294)
Synthesis 1.83 (0.613, 7.88) 0.148 (—0.0348, 0.333)
Weighted Model-Only Synthesis  Present—Future 0.802 (0.437, 1.51) —0.0539 (—0.199, 0.0999)
Probability Ratio Absolute Change
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Figure D5. Maximum 7 d wind speed synthesis from pre-industrial to present day (+1.3 °C).
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Figure D6. Maximum 7 d wind speed synthesis from present day (41.3 °C) to +2.6 °C.

Table DS. MAM effective precipitation attribution summary.

Data MAM Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)

Observations Past—Present 1.4 (0.91, 2.3) —35(-85,8.7)
Models 1.4 (0.32, 6.6) —22(—61,17)
Synthesis 1.4 (0.78,2.7) —28 (=71, 14)
Weighted Model-Only Synthesis ~ Present—Future 1.3(0.97, 1.6) —22(-39,-5.4)
Probability ratio Change in intensity
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Figure D7. MAM eff precip synthesis from pre-industrial to present day (+1.3 °C).
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Figure D8. MAM eff precip synthesis from present day (41.3 °C) to +2.6 °C.

Table D6. JJA effective precipitation attribution summary.

Data JJA Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)

Observations Past—Present 11 (1.7, 95) —78 (=140, —16)
Models 1.9 (0.5,9.7) —25(-55,6)
Synthesis 3.6 (0.75, 22) —35(-73, 3.6)
Weighted Model-Only Synthesis  Present—Future 2(0.96, 4.1) —32 (—47, —17)
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Figure D9. JJA eff precip synthesis from pre-industrial to present day (+1.3 °C).
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Figure D10. JJA eff precip synthesis from present day (+1.3 °C) to +2.6 °C.

Appendix E: Synthesis of Attribution Results Northern
and Western Tiirkiye

Table E1. Event magnitudes and return periods (per ERA5-Land) for the Northern and Western Tiirkiye case-study region.

Event Magnitude Return Period
HDWI7x 17 500 85.8 (17.1, Inf)
VPDmax7x 4540 44.9 (11.6, Inf)
sfcWind7x 4.64 3.38(2.05,7.14)
effPr MAM —98.98 2.88 (1.69, 6.7)
effPr JJA —454.38 33 (7.44,745.58)

Table E2. HDWI7x attribution summary.
Data HDWI7x

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)

Observations Past—Present inf (134, inf) 34.4 (20.2, 54.5)
Models 11.2 (0.165, 13400) 10.6 (4.20, 18.4)
Synthesis Not synthesisable 15.1 (7.00, 25.7)
Weighted Model-Only Synthesis  Present—Future 5.98 (1.42,28.3) 8.80 (4.45, 13.5)
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Figure E1. HDWI synthesis from pre-industrial to present day (+1.3 °C).
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Figure E2. HDWI synthesis from present day (+1.3 °C) to 2.6 °C.

Table E3. VPD7x attribution summary.

Data VPDmax7x

Probability ratio (95 % CI)  Intensity change (Pa) (95 % CI)
Observations Past—Present inf (92.8, inf) 935 (605, 1270)
Models 13.4 (0.0478, 248 000) 436 (162, 709)
Synthesis Not synthesisable 645 (348, 944)
Weighted Model-Only Synthesis  Present—Future 7.15 (2.35,22.5) 464 (322, 606)
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Figure E3. Maximum 7 d VPD synthesis from pre-industrial to present day (41.3 °C).
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Figure E4. Maximum 7 d VPD synthesis from present day (+1.3 °C) to +2.6 °C.
Table E4. sfcWind7x attribution summary.

Data sfcWindmax7x

Probability ratio (95 % CI)  Intensity change (m s_l) (95 % CI)

Observations Past—Present 4.38 (1.08, 16.4) 0.245 (0.00990, 0.440)

Models 1.26 (0.777, 2.72) 0.0806 (—0.0843, 0.255)

Synthesis 1.56 (0.753, 3.81) 0.144 (—0.0512, 0.326)

Weighted Model-Only Synthesis

Present—Future

1.08 (0.767, 1.49)

0.0230 (—0.0793, 0.127)
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Figure E5. Maximum 7 d wind speed synthesis from pre-industrial to present day (+1.3 °C).
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Figure E6. Maximum 7 d wind speed synthesis from present day (+1.3 °C) to 4-2.6 °C.

Table ES. MAM effective precipitation attribution.

Data MAM Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)
Observations Past—Present 6.2 (1.3, 40) —63 (=110, —9.6)
Models 1.7 (0.35, 11) —25(—61, 11)
Synthesis 3.3(0.68,21) —38(-78,4.5)
Weighted Model-Only Synthesis  Present—Future 1.4 (0.97, 2) —23 (=39, —6.6)
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Figure E7. MAM eff precip synthesis from pre-industrial to present day (41.3 °C).
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Figure E8. MAM eff precip synthesis from present day (+1.3 °C) to +2.6 °C.

Table E6. JJA effective precipitation attribution.

JJA Effective Precipitation

Probability ratio (95 % CI)  Intensity change (%) (95 % CI)

Observations Past—Present 31 (3.2,310) —59 (—110, —16)

7.2 (0.23, 300) —36 (—66, —5.7)
Synthesis 20 (1.4, 330) —43 (=179, —8.4)
Weighted Model-Only Synthesis ~ Present-Future 5(2.1,12) —41 (—55, —26)
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Figure E10. JJA eff precip synthesis from present day (+1.3 °C) to +2.6 °C.
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Appendix F: FWI and HDWI comparison
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Figure F1. 50 d comparison of the FWI and HDWI indices over each study region with FRP overlaid.
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Figure F2. 2025 comparison of the FWI and HDWI indices over each study region with FRP overlaid. Note that the association is very close,
though least associated in the cooler N Britain region, where drought effects play a stronger role in comparison to extreme heat and wind.
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Figure F3. the predictive power of different variable sets in a Gamma distribution GLM with log-link function for classifying the N most
extreme wildfires by FRP according to the area under the receiver operating curve statistic (AUC). A single variable HDWI model performs
extremely similarly to a model with VPDmax and sfcWindmax accounted for separately. HDWI performs best at capturing the rarest and
most extreme wildfires, similarly for the next most extreme wildfires (from the top 3000 to 300 FRP events) and worse for more moderate

wildfire events (below the top 3000 class).

Appendix G: Burned Area Rankings

Table G1. The top 3 ranking severe fire years per EFFIS burned area, for all EFFIS countries where more than half of years exhibit non-zero

burned area. 2025 is shown in bold.

Rank ALB BGR BIH CYP DEU ESP FRA GBR GRC HRV HUN IRL
1 2007 2007 2020 2025 2025 2025 2022 2025 2007 2017 2022 2011
2 2025 2024 2012 2021 2022 2022 2019 2019 2023 2012 2015 2013
3 2011 2025 2017 2020 2018 2012 2025 2022 2021 2022 2024 2017

Rank ITA° MKD MNE NOR PRT ROU SRB SVN SWE TUR XKO

1 2007 2024 2017 2019 2017 2022 2024 2022 2018 2021 2025

2 2021 2007 2021 2014 2025 2025 2025 2006 2014 2025 2007

3 2017 2025 2020 2008 2016 2020 2007 2016 2008 2016 2024

Code and data availability. Please find data and code used for
this analysis at: https://doi.org/10.5281/zenodo.18839225 (Keep-
ing, 2026). Code for data processing, attribution, and visuali-
sation can be found in the european_fire_25_notebooks.zip file,
with attribution results (both tabular and figures) in the euro-
pean_fire_25_results.zip files. Model evaluation tables can be found
in the model_synthesis.zip file in the zenodo repository. Models
were evaluated for their reproduction of the observed statistical dis-
tribution of each variable, and their geospatial and seasonal repro-
duction of observed trends. Model evaluation figures can be found
in the model_evaluation_figures.zip files in the zenodo repository.
Model fit parameters, results, and ultimate evaluation decision can
be found in the supplementary zip archive.

Supplement. The supplement related to this article is available on-
line at https://doi.org/10.5194/nhess-26-3761-2026-supplement.
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