wildfire season
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hydroclimatic rebound
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The season’s geography depends on the question

Burned area (ha, logarithmic scale)
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Europe’s 2026
wildfire footprint

Four views of an uneven season

670,516 hectares reported

Spain, Italy and France account for
75.3% of the total BA.

Absolute and relative impacts differ

France reaches 6.6x its climatological mean
(2006-2025).

Portugal has the largest national fraction
burned, at 0.74%.

Snapshot across 25 reporting EU countries.
Luxembourg and Malta have missing values.
Reporting date and baseline timing are unspecified.



Europe’s 2026 wildfire season: the scale of response

Interim picture e sources available on 17 September 2026

666,534 ha burned - 2,037 fires
EU, 1 January—15 September; EFFIS fires >30 ha.

A few countries account for most of the reported burned area

Spain 297,577 ha (44.4%)

109,956 ha (16.4%)

Italy

10 EU Civil Protection Mechanism activations
Reported by 25 August; requests for international assistance.

France 97,202 ha (14.5%)

Portugal 68,158 ha (10.2%)

Greece 33,937 ha (5.1%)

22 planes + 5 helicopters - 777 firefighters

EU summer fleet and pre-positioning programme (2 June). N

Croatia 20,831 ha (3.1%)
20,557 ha (3.1%)

Bulgaria | 5,662 ha (0.8%)

>700 firefighters - >200 vehicles - 38 aircraft cormany 24 hm. 5%

Coordinated deployments reported by 25 August. Belgium | 3,038 ha (0.5%)
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Burned area (thousand hectares)

€ 1 5 C 6_19 e 1 b i I I i 0 n ESti matEd eco n o m i c COStS 2026 snapshot (date not supplied) | User-su pplied EFFIS table | Percentages refer to the total reported in this table

France, Spain and Greece only; AccuWeather, 6 August.

Sources: JRC/EFFIS; DG ECHO; European Commission via Brussels Times; AccuWeather via Reuters.



Two countries, a shared July crisis

July 2026 Burned Area (EFFIS)

EFFIS through world weather attribution report, July 2026

>300,000

people evacuated across
France and Spain

EU assistance supports
both countries
simultaneously



Repeated heatwaves and progressive drying

a shared hydroclimatic sequence

a) Southwestern France b) Central Spain
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France: an exceptional acceleration in burned area during July 2026

A A single week changed the trajectory of the 2026 fire season

Burned area (ha)
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C One exceptional week compared with entire fire seasons

66,337 ha

41,637 ha
One week = 2.8 average years

14,746 ha
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Gironde, July 2026: a wildfire builds a thunderstorm

Southwest France

From smoke plume to fire-generated thunderstorm

Increasing atmospheric instability ————»
I”N
Connected maritime pine TN egaie \x\\\

fuels support rapid spread g

A fire-generated thunderstorm
adds hazardous winds

Downdraft and

gusty outflow
o ' r J¥ I\ Spot fires
Exposure near settlements and Y. 1 0 1 90 i L
to u ri St areas am p I | f| es | m p a Cts Convective Small Deep Pyrocumulonimbus
smoke pyrocumulus pyrocumulus {pyroCb)

Concept and annotations: Francesca Di Giuseppe | Graphic: ChatGPT (OpenAl)

A pyroCb can produce lightning, gusty outflows and long-range spotting.

Di Giuseppe & Tompkins, Royal Meteorological Society, 4 August 2026



Fire heating changes the parcel’s ascent

Bordeaux—Meérignac sounding, 24 July 2026, nominal 12 UTC

(a) Buoyant ascent in an conditionally-unstable atmosphere (b} Fire-enhanced ascent and cloud development
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Fire heating adds buoyancy. Condensation releases latent heat and can sustain deeper ascent.

The 100°C parcel is illustrative. Entrainment is omitted, so this is not a reconstruction of the fire.



Attribution: what changes with warming?

July 2026 fire weather Central Spain Southwestern France

Likelihood increase’ At least 20x At least 2x

Present-climate recurrence About 6 years About 20 years

' Relative to pre-industrial climate. Observations-only analysis of DSR7x. WWA, 30 July 2026

These are fire-weather estimates, not burned-area multipliers



Warming raises the odds of extreme fire weather

El Garroussi et al. (2024) « ERAS5 sensitivity experiments + CMIP6 SSP2-4.5

Up to 10x higher annual probability

From 5% to 50% in local hotspots;
Mediterranean regions face the largest increases.

15-20% ® 20-25% e 25-50%

Risk expands into central and northern Europe "/ E

20°W |

Drought strongly amplifies extreme fire weather;
warming beyond +2°C increases susceptibility.*

Longer fire seasons

Around one extra week across much of Europe;
up to 20 days in one-fifth of the Mediterranean
region by the end of the century.

*Relative to the 1981-2010 baseline. Results describe FWI-based hazard, not burned-area forecasts.

El Garroussi, Di Giuseppe, Barnard & Wetterhall ¢ npj Climate and Atmospheric Science 7, 30 ¢ doi:10.1038/s41612-024-00575-8



Extreme fire weather affects larger areas at once

Synchronicity: seasonal mean of the daily area with FWI > 50

Historical change: 2002-2022 versus 1981-2001

Summer (JJA) Relative increase Additional area
Central Europe +271% +21,440 km?
Mediterranean +19% +129,799 km?

Central Europe also rises by 389% in autumn, from a small baseline.
Northern Europe shows no significant historical change.

Warmer, drier scenarios further increase synchronicity o e
fe 2 b

Implication: simultaneous demand can strain shared y
firefighting resources.

Torres-Vazquez et al. (2025), Environmental Research Letters 20, 024045. DOI: 10.1088/1748-9326/ada8c2



Simultaneous crises change resource planning

When does a wildfire exceed suppression capacity?

Pyrocumulonimbus

—a

Gironde fire — peak VIIRS observation
126.130 kW m~2

F r n =~ 63 electric kettles per m?
If uniform across 1 hectare: =1.26 GW — comparable to a large power station*

Spotting/
ember transport

7 planes + 4 helicopters

Suppression
resources

Spain

6 planes + 134 personnel T =
- VOE— Fire energy output

(M)Illustrative comparison based on the maximum local VIIRS observation; not the average intensity of the whole fire.
Credits: Concept, scientific content and annotation: Francesca Di Giuseppe. Graphic: ChatGPT (OpenAl). Data: NASA FIRMS/VIIRS.

Shared danger can constrain the pool of available assistance

EU assistance reported on 27 July 2026

08



Fire weather is a useful metric, but it is notfire activity

Fire Weather Index Probability of Fire (PoF)

Describes atmospheric potential only Describes probability of fire to be detected
 No information on fuel availability or load At least one MODIS/VIIRS/SEVIRY active-fire
detection

 No information on ignition presence ] ]
Daily ~9 x 9 km land grid cell

Shifts question from "conditions" to "realised
fires occurrence"

* Hot, dry, fuel-poor regions: high danger — few

Di Giuseppe et al. (2023) - d0i:10.1029/2023GL107929



Drivers of fire activity
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Di Giuseppe et al. Global data driven prediction of fire activity, Nature Communications, 2025
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Drivers of fire activity
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PoF integrates the three controls on realised fire activity

¢ Weather ‘ R Observed fire activity
=7 Temperature, Wind,
B Humidity, Precipitation

Historical fire data

. Fuel load l

77— \Vegetation, Biomass Jl
Fuel moisture
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Weather - 4 variables Fuel - 9 variables Land surface - 4 static fields

Temperature, dew point, precipitation, wind 7 fuel characteristics + 2 LAl fields Ignition: lightning + human-activity proxies



Case study: Los Angeles fires 2025
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Year-specific fuels improve fire-occurrence prediction
for the Los Angeles case

LA PoF-FWI: 2025-01-08 LA PoF-Climatology: 2025-01-08 LA PoF-Real-time: 2025-01-08

12

29

Weather only dimatologal fuel Year-spedfic fuel Observed

Predicted active-fire grid cells Predicted active-fire grid cells Predicted active-fire grid cells ~ Active-fire grid cells, 8 Jan 20



Wet antecedent conditions in Palisades and Eaton

Wet-to- nd behind Pali fir fomalylo)
et-to-dry rebound behind Palisades fires Loy B IR Highiwet
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Wet anomalies detected 627 months before ignition. Moist conditions supported vegetation

growth and progressive fuel accumulation in non-forested ecosystems.



Mediterranean ecosystems: a rebound patternin 2026

Hydroclimatic Conditions for the Western Mediterranean in 2026
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Implications for operational forecasting

PoF prediction

- H @ >

Only Fuel+
weather weather

Only Fuel+
weather weather




Timeline of European fires — July 2026
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13th July — pre-fire
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23" July — continuation of Bordeaux
and New Madrid fires
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24% July — peak of extreme fires
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29t July — re-emergence in Portugal
& NW Spain
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How can complementary predictions help us decide
where to focus limited monitoring resources?

Second part of the talk



Weather, fugls and human activity shape fire outcomes

WEATHER CONDITIONS
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Continental /
global

Regional

Spatial scale

Landscape
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SPARKY across wildfire time and space scales
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SPARKY-BA: potential burned area if fire occurs

Where is fire likely, and how much could burn if it occurs?

Combines weather predictions, land-surface
information and satellite observations.

Weather Observed burned area
:9(;-‘) Tempgrature, \.N!nd,. ‘ A Historical fire data J
it il o — Uses XGBoost regression to estimate
P e, ) burned area conditional on fire occurrence.
‘% Fuel load

Vegetation, Biomass

Conditional burned area Trains on MODIS burned-area observations

OO :::c:t:::t::humidny Low a High for fl re cases.
B, Sourcesofioniton Produces daily estimates at 9 km resolution.
g B”r"ef'Af‘/ﬁi)m“e' Research model, not yet operational.

McNorton and Di Giuseppe, in preparation
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SPARKY: a practical example

(a) Observed burned area (b) Probability of Fire forecast
2023-07-17 2023-07-17

Greece, 17 July 2023

Compare observed burned area : 6 | k) | ‘ -
with PoF, conditional burned area — e
and the combined priority score.

00 0.2 04 06 08 10

0
Observed burned area (km? per grid cell) Probability of fire (%)
I (c) Sparky-BA f t (d) PoF-BA priorit
The illustrated score uses a PoF - ol sl sk i

gate and weighting to focus
attention within a limited area.

McNorton and Di Giuseppe, in preparation 02 3x1070 04 06 08 10 12 3x10-° 1x10~% 3x10~% 1x10~* 3x103 1x10-2 3x10-2
SPARKY-BA forecast (km? per grid cell) PoF-BA priority score (relative units)

SECMWF = B = = D I S EE NN S =86 @ ™= & @



SPARKY-Danger: the Iberian fires of August 2025

(a) Observed burned area (b) Probability of Fire forecast
2025-08-15 2025-08-15

15 August 2025

Occurrence
POte n tl al b u rne d ’ Observed burned area (km? Zer grid celi)O e ‘ ‘ ProBability of firé (%)
a rea (c) Sparky-BA forecast (d) PoF-BA priority score

2025-08-15 top-1% PoF gate; A = 0.80

Combined priority

0.2 3x107! 04 06 08 10 12 3x107° 1x10™% 3x10™% 1x103 3x103 1x10"2 3x1072
SPARKY-BA forecast (km? per grid cell) PoF-BA priority score (relative units)

McNorton and Di Giuseppe, in preparation
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Combining occurrence and potential burned area

PoF x conditional burned area provides a starting point for prioritisation.

Where is fire likely?
Sparky-PoF |

Fire llkebhood and expected BA defines the top x% pnontlsed
Observed BA g __,./ e ‘\ 1 + f,—;"“

S g e ey e |

McNorton and Di Giuseppe, in preparation

Select the highest-priority areas within the available monitoring capacity.



How much burned area can limited monitoring capture?

Fraction of burned area captured

Mediterranean 2020—2025S daily fire—-prior

capture (%)

Total observed bumed-area

High-impact cell-day capture (%)
(observed BA 2 10 k]

Total observed burned-area capture

Observed bumed cell captured (%)
A o

Percentage of area monitored

ity capture curves

A fixed monitoring budget

If we can monitor only X% of the land,
how much of the observed burned area
falls within the selected locations?

Compare rankings based on PoF alone
with the combined occurrence—burned-
area priority score.

In this evaluation, the combined
approach is particularly useful when
monitoring covers only around 0.1-1%
of the land.

Capture measures spatial coverage of observed

burning, not prevented losses.
McNorton and Di Giuseppe, in preparation



Conclusions

Extreme fire weather can affect several European regions at once, placing pressure on
shared resources.

Climate change raises the likelihood of extreme fire weather and its synchronisation
across countries.

Satellite observations and Al offer complementary information on fire evolution,
occurrence and potential severity.

SPARKY connects these perspectives across space and time.

Combining predictions can help prioritise monitoring when resources are limited.



Outlook

Earlier warning

Track fuel growth and drying to capture the landscape’s memory before ignition.

Understand predictive skill

|ldentify which observations add useful information, where they help and how they can
inform future satellite missions.

Support adaptation

Connect fire prediction with fuel management and landscape planning alongside
emergency response.
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