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Abstract. In May 2026, France and the United Kingdom experienced a record-breaking hot event with daily maximum temper-
ature anomalies exceeding 15°C. Here, we show that the unprecedented high-pressure system over the region was insufficient
to explain the full magnitude of near-surface temperatures in Western France and Southern UK. Using perturbed large ensemble
medium-range forecasts from the IFS and AIFS models, we estimate that Iberian cut-off low activity explains about 30% of the
additional temperature variance during the heatwave peak, conditional on the presence of the anticyclone. This contributed a
local surplus of up to 4.5°C to daily mean surface temperatures compared to ensemble members that achieved similar 500 hPa
geopotential height records. Across similar past synoptic events, we find a comparable impact of cut-off low activity, localized
over the French Atlantic coast and southern UK. At the mid-tropospheric level, cut-off low activity drives advective warming
from a Saharan branch. In a second stage, the arriving end of this branch is coupled to the boundary layer by increasing sub-
sidence near 850 hPa. While this large-scale circulation pattern is highly unusual for May — being typically associated with
late-summer warm spells — the Saharan branch reached an unprecedented southward extent during this event. Furthermore,
while no dynamical trend was found for the month of May, June has shown a positive trend in Iberian cut-off low activity
since 1985, characterized by a doubling in the occurrence of exceptionally intense cut-off lows. Our findings underscore the
importance of cut-off low dynamics in driving extreme early-season heatwaves, a factor that is rarely quantified in previous

analyses.

1 Introduction

Anthropogenic climate change has expanded the length of the mid-latitude summer season, which already allows for an earlier
onset of extreme heat during May and June (Ivanovich et al., 2026; Xu et al., 2026; Scott et al., 2026). While heatwaves

are in general known as extreme weather events causing severe impacts, most pronouncedly on human health (Kovats and
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Kiristie, 2006; Gasparrini et al., 2015; Ebi et al., 2021), early season heat in particular can overwhelm societies if it meets
an unprepared public infrastructure. The May 2026 heat event in Western Europe occurred after two weeks of perturbed
atmospheric conditions with cool and wet weather. This summer-like event took local authorities by surprise, as it occurred
during a period when schools are open and economic sectors (including agriculture and construction) are active. The short and
long-term effects of this event on society and ecosystems are still being evaluated. It was the first of a series of heat events
during the European summer.

Meétéo-France showed that this event broke record values for any month of May since 1950 (corresponding to the start of
homogeneous observations over France) (Météo France, 2026a). The maximum of the mean daily temperature value in May
over Ile-de-France (Paris region) reached a record value, and exceeded the previous record by ~ 1°C (Météo France, 2026a).
Summer-like temperatures were observed, with daily maxima exceeding 38 °C in various parts of France. This was probably
not the hottest month of May since the beginning of the 20th century, as higher temperatures were recorded in the North of
France during May 1944 (Séchet, 2004; Holliday et al., 2026), but the quality control of measurements at that time hinders a
precise quantitative comparison.

Large-scale atmospheric conditions are the major driver contributing to the formation of hot surface temperatures on weekly
to sub-weekly timescales (Domeisen et al., 2022). In mid-latitude summers, high pressure systems are a requirement for the
formation of heatwaves (Barriopedro et al., 2023). Extreme high pressure conditions are typically associated with the formation
of an anticyclone at upper and mid tropospheric levels, which is either embedded in a subtropical ridge or blocking of the
upper level jet (Pfahl and Wernli, 2012; Woollings et al., 2018). Such blocking patterns can result from the breaking of strongly
amplified Rossby waves (Woollings et al., 2018; Wang et al., 2026) and in extreme cases, the positive potential vorticity
intrusion is detached from its southward origin, leading to closed positive geopotential height contours over the heatwave
region (Woollings et al., 2018). The resulting anticyclone is then anchored between an upstream and a downstream depression,
a structure typically referred to as an Omega-block. These depressions can lock the anticyclone in place as they influence the
jet stream entry and exit (Hotz et al., 2024; Ezber et al., 2026).

The coupling of upstream depressions with downstream anticyclones over Western Europe has been a subject of increased
interest in recent years (Vautard et al., 2023; D’ Andrea et al., 2024; Gonzdlez-Aleman et al., 2026). In particular cases, these
upstream depressions can detach from the jet stream, leading to the rapid formation of a cut-off low structure over or close to
the Iberian peninsula. The meteorological conditions of the May 2026 event corresponded to such an Omega-blocking system
(Fig. 1a), which led to high pressures over France. The geopotential height at 500 hPa (Z5yg) even broke the 80-year record.
Similarly, it was accompanied by a cut-off low over the Iberian Peninsula, that detached from a large depression around Iceland.

Such combinations of strong anticyclonic conditions coupled with an Iberian cut-off low structure have been observed
in trajectories of most extreme heatwave events in Western Europe, namely in centennial preindustrial climate simulations
(Noyelle et al., 2023a), rare event algorithm simulations (Lancelin et al., 2026) and in recent record-shattering events, such
as the July 2022 (Ezber et al., 2026) and the June 2026 heatwave (Ionita and Nagavciuc, 2026). They have further been
mentioned as contributor to persistent warm spells in South-Western Europe (Pappert et al., 2025), and driver of compound

heat and rainfall extremes (Mittermeier et al., 2026). While some case studies consider the effect of cut-off lows implicitly
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and show a general co-occurrence with Saharan Air intrusions and atmospheric deserts (Sousa et al., 2019; Fix et al., 2024;
Fix-Hewitt et al., 2026), as well as their role in anchoring the anticyclone during the heatwave peak (Ezber et al., 2026), a
detailed physical understanding of how cut-off lows impact heatwaves in western Europe is missing. In the face of a projected
increase in mid-latitude cut-off low activity (Mufioz et al., 2020; Mishra et al., 2025), we here address how Iberian cut-off lows
directly impact near surface temperatures in interaction with the anticyclone and how such impact can be quantified.

Following the rainy first two weeks of May, the May 2026 heat event installed the premises of a historically hot summer in
France (Météo France, 2026b), despite high specific humidity during the heatwave peak (Fig. 1d). Summer temperatures peaked
during June 2026, induced by a recurrence of high pressure and cut-off lows. Understanding how atmospheric conditions
combined to generate the May heat event is useful for early warning of summer extreme heatwaves. Ensemble weather forecasts
did not systematically lead to concomitant Omega blocks and cut-off lows. The AIFS system from the European Centre for
Medium-Range Weather Forecasts (ECMWF) (Lang et al., 2026) provides a unique opportunity to investigate the respective
roles of the anticyclonic and cut-off low conditions in a consistent manner, i.e., from the same atmospheric initial conditions.

The scientific question of the manuscript is to quantify the contribution of the physical mechanisms that lead to summer-
like temperatures in May, in France and Southern UK. We employ an ensemble of weather forecast simulations with the IFS
(ECMWEF, 2026) and AIFS-ENS models (Lang et al., 2026) as well as synoptic analogues (Jézéquel et al., 2018) from ERAS
reanalysis (Soci et al., 2024). This analysis of the atmospheric dynamics allows determining whether the extreme heat was
linked to the unusual interaction of usual patterns. To understand the thermal features of those atmospheric patterns, we apply
a Lagrangian heat decomposition to IFS and synoptic analogues (Rothlisberger and Papritz, 2023), which allows identifying
the sources of heat that reached France and the UK, especially during the cut-off low occurrence.

The data (reanalyses and ensemble forecast) and methods (Lagrangian decomposition, cut-off low detection and analogues)
are described in Sec. 2. Results for the analyses of the May heatwave are discussed in Sec. 3. We briefly discuss implications

for other heatwave events in Sec. 4. Conclusions are drawn in Sec. 5.

2 Data and Methods
2.1 Reanalysis and ensemble forecast data

We first use the ERAS atmospheric reanalysis from January 1940 to August 2026 (Copernicus Climate Change Service, 2023;
Soci et al., 2024) to diagnose the atmospheric features of the May 2026 event. The original 0.25°x0.25° resolution is used
for all May maximum temperature (TXx, monthly maximum of the daily maximum) analyses and variables at time of TXx,
computed as the monthly near surface temperature maximum from hourly resolution for each grid cell for each Month of May
between 1940 and 2026. The daily mean Z5( fields of ERAS are bilinearly regridded from the original ERAS Gaussian grid to
aregular global 1x1° grid. Cut-off low detection and circulation analogues are determined on fields with this coarse resolution.
We use a horizontal resolution 0.5°x0.5° for daily mean surface temperature analysis and Lagrangian tracing, as adapted from

Rothlisberger and Papritz (2023).
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ECMWPF’s Integrated Forecasting System (IFS) archive data for 2026 is used to investigate alternative meteorological tra-
jectories that could have been obtained in May 2026. 50 members of the IFS ensemble forecasts for geopotential height on
pressure levels and near surface temperature are provided by ECMWEF and were obtained from the ECMWF Data Store under
the TIGGE license (Bougeault et al., 2010; ECMWF, 2026; ECMWF Data Store Service, 2026). IFS daily means are com-
puted on 6 hourly outputs and bilinearly regridded to be consistent with ERAS. For the Lagrangian decomposition, the IFS
runs on model levels were separately obtained from MeteoSwiss and ECMWE. We cross-verified the member indexing with
the TIGGE Archive by comparing 12 UTC near surface temperatures for each member and initialization for the valid date of
the 25th of May 2026 over Western Europe. Throughout the manuscript we refer to several regions to derive drivers, impact
and causality which are all together visualized in Supplement Figure S1 and explained throughout the following section.

We consider a fixed rectangular box including the South of UK and Western France anchored between 44.5°N-5.5°W
and 55°N-5°E as the region of strongest temperature anomalies during the May 2026 heatwave, which is referred to as the
UK-France region. Except for the Lagrangian decomposition, we use a consistent reference climatology from 1995 to 2025
computed from daily means, which are smoothed along a rolling and centered 7-day window around the selected day of year
based on ERAS.

2.2 AIFS-Ens model simulations

This study uses the AIFS-Ens (v1) model (Lang et al., 2026) as an emulator of IFS in order to obtain ensembles with sufficient
sizes to obtain statistically reliable composites with and without cut-off lows. The AIFS-Ens (v1) model is a data-driven weather
forecasting system developed by the European Centre For Medium Range Weather Forecasting (ECMWF). It is trained on
ECMWEF’s ERAS reanalysis (Copernicus Climate Change Service, 2023) and fine-tuned with ECMWEF’s operational numerical
weather prediction analyses up to 2023. It is trained to predict the state of the atmosphere at 6 hours time steps X (t 4+ 6) =
AIFS (X (t), X (t — 6)). Locally, AIFS is initialized with ERA5 data at 0.25°, which was gridded to a N320 reduced Gaussian
grid (Lang et al., 2026) to match the model grid. The model simulates output data on the same N320 grid, which we do
not regrid to regular rectangular gridded data because regridding can be computationally expensive and it is easy to use the
N320 grid for most analyses. The only task that needed regridding was the cut-off detection. The scorecards in Lang et al.
(2026) show AIFS-CRPS ensemble forecasts are more skillful than the IFS ensemble for a number of variables, such as near
surface temperature, or temperature at 850 hPa, which makes it relevant for our study. We also decided to use this model for
its computational cost (a 20-day forecast using AIFS-Ens runs under two minutes on a single NVIDIA A100 GPU). AIFS-Ens
is a probabilistic model, wherein the noise necessary to make ensemble predictions is introduced directly into the latent space.
Therefore, given suitable initial conditions, this can generate as many independent ensemble predictions as needed, without
having to use perturbed ensemble as initial conditions.

We simulate an ensemble of 201 simulations per initialization date of AIFS-Ens, with initial conditions on May 17th and

18th 2026 taken from ERAS for reasons explained in Section 3.1.
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2.3 Cut-off low detection and definition

We perform the cut-off low detection on daily mean Z5 fields using the MIT licensed colindex2 module (Kasuga, 2022;
Kasuga et al., 2021). For the detection of Iberian cut-off lows, we select cut-offs whose center is detected between 35°W to
0°W and 25°N to S0°N, with a broader predetection box edging with at least 20° to each direction (10° for AIFS due to storage
constraints). The selection box broadly reflects a region in the East subtropical North Atlantic associated with frequent cut-off
low occurrence during spring to summer, as highlighted throughout previous works using various methodologies for cut-off
detection (Nieto et al., 2005; Portmann et al., 2021; Kasuga et al., 2021; Mishra et al., 2025). From the geometry of cut-off
lows in geopotential height fields, Kasuga et al. (2021) introduce a measure of cut-off low intensity, the optimal Slope So,
which reflects the maximum gradient of the depression. Here, we use a minimum optimal slope of So > 6 m per 100 km for
detection. The further setup is detailed in Supplement Section S2.2.

We utilize the detection to introduce a binary classification of whether or not a forecast member features an Iberian cut-off
low on the 25th of May or respective flow analogue date (as detailed below). The two resulting pools of members with and
without Iberian cut-off low are referred to as cut-off and no cut-off pools for the respective experiment. To measure the effect of
persistent Iberian cut-off low activity preceding the heatwave event, we detect the optimal Slope So for each forecast member
between the 21st and the 25th of May (or, respectively, up to four days before the selected analogue date). The choice of five
consecutive days is designed to capture persistence effects within the analogues, as five days is the upper end of cut-off low
life-cycles (Nieto et al., 2005; Portmann et al., 2021), approximately the 90th Percentile in the mid latitudes at 500 hPa (Mufioz
et al., 2020). The optimal Slope So is then summed over all these preceding days where an Iberian cut-off low is detected. We
continue to refer to the resulting metric as preceding cut-off low activity. To make the preceding cut-off low activity metric more
intuitive for the reader, we normalize by the daily mean Iberian cut-off low activity of So = 15m (100 km)~!. As preceding
cut-off activity considers multiple consecutive days, while the binary classification relies on one day only, forecast ensemble
members and analogue days belonging to the no cut-off pool can have preceding cut-off low activity larger than 0. However
they account, by construction, for one day less of preceding cut-off low activity and are consequently expected to show less

preceding cut-off activity than the cut-off pool on average.
2.4 Past Flow analogues

To compare the May 2026 heatwave with similar past synoptic events, we use the methodology of Noyelle et al. (2025) to select
past flow analogues from ERAS. Based on the detrended daily mean 500 hPa geopotential height fields (Jézéquel et al., 2018),
we select the N days with the smallest Euclidean distance between April to August in the years 1940 to 2025 in the region
of [30-68°N; 20°W-25°E] (Supplement Figure S1). We apply an exclusion criterion of 5 days before and after the selected
analogue date to avoid clustering. In cases where we divide cut-off and no cut-off analogue pools, each pool is selected from
the same overall ranking, meaning the exclusion criterion is sustained between cut-off and no-cut-off pool.

To estimate the effect of cut-off low activity on near surface temperature in the present day climate (i.e. detrended), we

linearly project the daily mean temperature anomaly to 2025 similar to Noyelle et al. (2025): the European regional mean
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surface temperature (RMST) is computed as daily mean near surface temperature averaged over 35-70°N and 15°W-30°E,
smoothed with a 15-year centred running mean. The first and last 7.5 years, which are not covered by the running mean, are
extrapolated linearly from a fit to the first and last 30 years of the smoothed series. The UK-France box temperature anomaly

T’ at analogue day d with respect to the 1995-2025 reference climatology is projected linearly into the year 2025 following
Ty095(d) = T'(d) + Brarsta - [RMSTag25(25th May) — RMST(d)], (1

where the regression slope SrarsTa is obtained from a linear fit of the UK-France box anomaly on RMST over all MJJA
days between 1940 and 2025. The resulting target region warming rate is the same as the warming rate of RMST with a slope
of 1.04 [0.97, 1.11] °C per °C RMST. We note that this computation of Srpss74 is @ methodological difference to Noyelle
et al. (2025), who estimate the linear regression slope from within the analogue pool. We justify this choice as the bootstrap
and regression procedure of Noyelle et al. (2025) to each pool of N = 85 analogues results in warming rates of 1.33 [0.46,
2.10] °C per °C RMST for the cut-off pool and 1.13 [0.61, 1.67] °C per °C RMST for the no cut-off pool, hence overlap with
warming rates of the mean MJJA warming rate of the target region with much larger uncertainties. The number of N = 85
years is chosen in consistency with previous studies, using the order of one analogue per year (Jézéquel et al., 2018; Noyelle
et al., 2025).

2.5 Zsgo-control: Controlling near surface temperatures with respect to geopotential height

As we aim to explore what drove the May 2026 heatwave beyond the expected link of extreme geopotential height to near
surface temperature, we compute the residuals of the regression of the daily mean surface temperature anomaly over the UK-
France region on the Z509 anomaly over the same region. This is done as follows: The spatial average of daily mean near
surface temperature anomaly is projected to the present day climate following equation 1. In the same way, we project the

geopotential height anomaly at 500 hPa to the present day climate, i. e. we deseasonalize and then detrend:
Z500.2025(d) = Z500(d) + Brarsz - [RMST2025(25th May) — RMST(d)], (2)

with a slope of 19.24 [16.32, 22.13] m per °C of RMST obtained from ordinary least squares (OLS) regression. We then fit the
OLS slope between Z, and the daily mean surface temperature both projected to the present day climate over all MJJA days
from 1940 to 2025:

Tono5(d) = 4 Bzt Zs00,9025(d) +£(d), (3)

with « = 0.4 °C and Bz7 = 0.0151[0.0148, 0.0154] °C per m fitted over all May to August days between 1940 and 2025. The
detrended geopotential height anomaly Z%, 525 over the UK-France region explains about 50% of the variance of detrended
near surface temperature anomalies Ty 5 (d). The Zsgp-controlled temperature anomaly is obtained from the residual of this
fit,

T(d) = Thno5(d) — [04 +BzT Zé00,2025(d)] : “4)
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2.6 Lagrangian analysis of temperature anomalies

To quantify the processes leading to the high temperature anomalies, we use the temperature anomaly decomposition frame-
work developed by Rothlisberger and Papritz (2023), based on the Lagrangian analysis tool LAGRANTO (Wernli and Davies,
1997; Sprenger and Wernli, 2015). Temperature anomalies (7”) at the starting time of the trajectory = ¢ can be decomposed

into a seasonality 7", advective T”, adiabatic T”, and diabatic 7" part:

ty ty
aTc im
T (@,t;) = — aie dr — /v -V Totim d7
tg ty
’ . 5)
kT 3Tdim} / < P )K Do
+ —_—— wdr + — | —dr,
/ [ p op po) Dt
tg tg

where t, is last time that T’ was zero, T,y the climatological temperature, v the horizontal wind, Vy, the horizontal gradient
operator, K = %, p the pressure and pg the reference pressure. The residual terms and the seasonality 7" are usually small
(Rothlisberger and Papritz, 2023) and are therefore neglected in the following.

To run temperature anomaly decomposition, we use a 6-hourly temporal and 0.5° horizontal resolution on the Northern
Hemisphere. In order to run 15-day backward trajectories between the 18th May and 30th May, we combine the data of each
IFS ensemble member with the operational analysis into a continuous time series from which the trajectories are started. The
trajectories are started at each time step between 1000 hPa and 200 hPa with a spacing of 50 hPa. We trace pressure, temperature,
climatological temperature (9-year and 21-day centered temperature mean), the change in the climatological temperature, the
vertical change in the climatological temperature (difference in the climatological temperature 10 hPa above and below the
trajectory), potential temperature, and the surface pressure. The exact computation of the reference climatology is detailed in
(Hotz et al., 2024) and the computation of equation (5) in Rothlisberger and Papritz (2023). For the analysis of 2026, we use
the same climatology as used for 2021 to 2025, i.e., the rolling 21-day mean over the years 2017 to 2025.

To reduce computational cost, IFS tracing runs on a cropped domain, spanning from 130 °W to 80 °E and 15 °N to 80 °N on
the lowermost 68 hybrid sigma-pressure model levels (model level 70 to 137). ERAS and analogues run on the entire Northern
Hemisphere and all model levels. The main conclusions of this manuscript are expected to remain unchanged by the IFS

domain limitation, as discussed in Supplement S3.2 together with the IFS Bias.
2.7 Air mass origin contribution maps

In this study, we introduce an air mass origin contribution analysis to attribute a final contribution of a Lagrangian temperature
anomaly to the geographic origin of its trajectory. As in Papritz and Réthlisberger (2023), each trajectory ¢ bears a genesis
location xf 4> Which marks the location along the trajectory of the latest sign change of each process P. Assuming ATZ-P 7 is the

final temperature anomaly contribution of process P for trajectory ¢ at arrival time, ATiP 7 1s then mapped to its process genesis

location xf , ona0.5%x0.5° longitude xlatitude grid. The final contribution of the considered process to the total temperature

anomaly is retained for the process genesis grid cell. Aggregated over all trajectories arriving between pressure levels over
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a given arrival time window, we normalize each resulting map by the total number of all arriving trajectories for the given
pressure and arrival time band. We further introduce area weighting in units of 10° km? to generate physically meaningful
and interpretable results in consistency with Papritz and Rothlisberger (2023). Put into mathematical terms, we assume N
trajectories arrive in region 2y in a given arrival time window [to f,t1 ] and arrival pressure band [pg ¢,p1,¢]. Of these N
trajectories, a subpool M < N will have their genesis of process P at location xf , in the 0.5°x0.5° grid cell C (xg’ ), allowing

for the final plotted contribution per grid cell to be expressed as:
1 1
P/ Py _ P P P
57 (xg) = Ay N ;ATM I[xjq € C(xg)] I[tis € [to.g:t1.4] A pis € [Po.sprs] A xip € Q]

with indicator function I and area weighting A(y) = R? AA? cosy in units of 10 km?, R is Earth radius and A\ the mapped
grid resolution. The resulting methodology hence differs from the source-sink framework introduced by Papritz and Rothlis-
berger (2023), which identifies gradual changes of the process contribution along the trajectory paths and iteratively scales them
to temperature anomaly sources and sinks after genesis. Our contribution framework instead focuses on the origin of air-masses
and their role to the final temperature anomaly contribution, emphasizing regions of temperature anomaly genesis instead of
downstream sources and sinks. We note that only a third of advective contributions change sign further downstream (evaluated
for May 2026, ERAS) so that the process genesis location coincides with the genesis location of the total temperature anomaly

in most cases.

3 Results

High pressure anticyclonic conditions are very effective to increase surface temperatures, through increased subsidence and
clear skies (Domeisen et al., 2022). Such an anticyclone is generated by a two-stage upper tropospheric process during the
May 2026 heatwave: a strongly positive potential vorticity filament starts to dissipate downwards around the 18th to 19th of
May and, as it does, deflects a part of the depression approaching Europe Northward (white filament at 50°N-25°W in Figure
2a). The deflection generates an atmospheric ridge on the 21st of May (Figure 2c,d), which is reinforced by an anticyclonic
Rossby wave breaking approaching on the 23rd of May (Figure 2e,f). The second wave breaking event generates a potential
vorticity filament that reaches deep into the troposphere over the North of Portugal (Figure 2f). The filament is entirely cut
off from the jet stream at the 24th of May (Figure 2g), briefly maintaining its vertical depth (Figure 2h). The two sequential
wave breaking events result in an exceptional 500 hPa geopotential height (Z509) at the heatwave peak on the 25th of May
2026 (Figure 1a) paired with an Iberian cut-off low north of Portugal, a situation typically known as an Omega-block. We first
show that the generation of this cut-off low increased the near-surface temperature response beyond the expected effect of the
extreme Z5(o value, by demonstrating that the record-breaking Z5qp over western Europe is not alone sufficient to explain the

observed record-breaking heat over Southern UK and Western France.
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Figure 1. Overview of the May 2026 Western European Heatwave Characteristics. (a) ERAS daily mean temperature anomaly on the
25th of May 2026 against 7-day smoothed climatology of 1995-2025. Isolines are for Z5q0, with 40m increments. The region of most intense
temperature anomalies (UK and France) is highlighted with a dashed box; the cross indicates Paris. (b) The ERAS 2026 May maximum
temperature (TXx), (c) the highest May Zsoo value, linearly detrended against yearly regional mean surface temperature of Europe and
projected into the present day climate, (d) and minimum May near-surface moisture (red stars) are compared with previous May extreme
states from 1940 to 2025 (grey dots), all averaged over land-only grid cells in the UK-France Box. (e) Daily mean near surface temperature
anomaly (colours) and geopotential height field (contours) of composite from 5 IFS members with the highest daily mean near surface
temperatures over the dashed UK-France region, selected across initialization from the 17th and 18th of May. (f) as (e), but top 5 composite

selected from highest Zsoo field, excluding members which feature in (e).
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3.1 Atmospheric features of the event

We first consider the Z5(( averaged over the UK-France target heatwave region (Box in Fig. 1a) in the 50 members perturbed
IFS ensemble (Supplement Figure S3). The realized atmospheric block on the 25th of May 2026 is on the upper end of the
predicted range of the Z5¢g IFS ensemble. To assess the forecast probability of reaching such a strong atmospheric ridge, we
consider the previous (raw) daily mean Z5oy May record over the UK-France region of 5860 m, dated to the 26th of May 2020.
This threshold is about 55 m lower than the realization of the 25th of May 2026.
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Figure 2. ERAS5 Potential Vorticity Dynamics during May 2026 Heatwave Onset. (a-d) Potential temperature 6 at 2 Potential Vorticity
units (PVU) (colours), same field spectrally truncated at wavenumber 45 in 4K steps (black contour) and surface low pressure systems (mean
sea level pressure below 1000 hPa, white in 4 hPa steps) at selected times between the 19th and the 24th of May 2026 (a-d). We highlight the
longitudinal band for which we plot the longitudinal profile in (e-h) in red. (e-h) Vertical cross section of potential vorticity at 42.5°N with 2

PVU contour as black contour. The center of the generated cut-off low at 500 hPa as red dot / dashed vertical line and Paris as yellow dot.

A shift in forecast probability for meeting a Z5gg threshold of 5860 m on the 25th of May occurs from the 18th to the 19th
of May, with a change in predicted probability of more than 35% from one day to the next (Supplement Figure S3b). At the
same time, the standard deviation in forecasted Z5p outcomes for the 25th of May rapidly decreases (Supplement Figure S3c).
Consequently, we identify the 17th and 18th of May as a turning point for the predictability of a high Z5¢ value. The decline of
forecast diversity and increased occurrence probability of the atmospheric block is associated with the more robustly predicted
dipole system of a cut-off low over Portugal and a high-pressure system over the heatwave region (Supplement Figure S3d-f).

We use the identified initialization period between the 17th and 18th of May to probe the effect of high Z5(( on the heatwave
region at the 25th of May in Figure le—f. By pooling across both initialization dates, we form composites over two different

constraints: the five members that forecast the hottest daily mean near surface temperatures over the UK-France region, and
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the five members that have the highest regional mean Z5q9. Only one member ranks in the top five of both, ranking fifth in
the Z500 composite. We retain it in the temperature composite where it ranks higher and take the next-highest ranking member
for the Z5qp composite. These two members differ by AZ599 < 1 m (and 2.3°C), so that the mean geopotential height of the
top five Z509 composite stays effectively unchanged, while the temperature difference is shifted significantly. This leads to two
non-intersecting subsets for which we compute composites. The maximum predicted Z5go in the geopotential height selected
composite lies 30m above ERAS on the 25th of May (Fig. 1f). However, these IFS members underestimate the observed daily
mean temperature in the UK-France region by 4.8°C. The 5 hottest members over southern UK and France underestimate the
daily mean near surface temperature on the 25th of May by only 2°C, but predict a weaker Z5q field on the 25th (Fig. 1le), with
Zs00 underestimations of ~ 7 m. These hot members feature a pronounced cut-off over Spain, with a prediction of a deeper
depression connected to an improved estimate of near-surface temperature.

In the following, we refer to members where we detect an Iberian cut-off low on the 25th of May as cut-off members.
Conversely, we refer to forecast members for which no cut-off is detected as no cut-off forecast scenarios, as they feature
a strong atmospheric block without a cut-off low feature on the 25th. We find that the 5 hottest members fall into the cut-off
category, while the 5 highest Z5oo members fall into the no cut-off category. In this framework, the cut-off members are slightly,
but significantly, warmer than the no cut-off members considering the daily-mean surface temperature (AT2m = +0.81°C,
Welch p < 0.001), and this difference strengthens when we control the effect of Z5p9 on the daily mean surface temperature,
i.e., when we consider the residuals of the linear regression of near surface temperature on Z5o9 (AT2m = 40.97°C, Welch
p < 0.001; Fig. 3a). We further observe that the preceding Iberian cut-off low activity amplifies near-surface temperatures
when cut-off low activity is treated as a continuous quantity rather than a binary classification: Across the IFS large ensemble
(50 per initialization, i.e. 100 selected members in total), preceding cut-off activity is only weakly correlated with the near-
surface temperature (Pearson r = 0.30, Spearman p = 0.31, p =~ 0.003). However, the statistical link increases to a moderate
but significant signal once the linear dependency of near surface temperature on Z5 is removed (hereafter the Z5qo-controlled
framework; see Method subsec. 2.5); Pearson r = 0.55, Spearman p = 0.54, p < 0.001). To further investigate the dependency
of cut-off low activity with near-surface warming more systematically in a larger ensemble, we turn to the AIFS-Ens forecast

ensemble.
3.2 Probing cut-off low impact with AIFS simulations

We consider an ensemble of 201 AIFS-Ens (Lang et al. (2026), see Sec. 2.2) simulations that are initialized on May 17th
and 18th (predictability analysis of the atmospheric block in Supplement Figure S4). As AIFS has a large ensemble size, we
decide for a Z5g-matched subselection, where we directly compare a large ensemble size with similarly high Z5g. To build
the Z5p0-matched pool each member is required to reach the Z5q9 > 5860 m threshold (previous May Zsq record) over the
UK-France region on the 25th of May. Respectively 60% and 80% of the simulations reach the threshold 5860 m. Of all the
AIFS simulations starting on the 17th and 18th, respectively 11 % and 53 % exceed a 18.7 °C daily mean temperature threshold
in the 25th of May 2026, which is ERAS’s 1940-2025 May maximum for the UK—France region. In IFS simulations initialized
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on the same dates, 0 % and 10 % exceed the 18.7°C daily mean temperature threshold, underlining the performance of AIFS
to simulate this particular event.

For a first comparison with IFS, we pull the 10 AIFS forecast members with the highest daily mean surface temperature
on the 25th and the 10 AIFS members with highest Z5y9 pooled across both initialization dates. Remarkably, none of the
AIFS members of the 10 hottest composite overlap with members of the top 10 Z5gp. The 10 hottest AIFS members have a
daily mean surface temperature 3.1°C warmer compared to the 10 highest Z5y9 composite. Conversely, the top 10 Z5o9 AIFS
composite has a stronger geopotential height of 20 m. This is related to the same atmospheric features as before, as can be seen
in Supplement Figure S5.

To verify the cut-off low amplification of near-surface temperatures over France and UK present in AIFS, we sort the Zgg-
matched members into cut-off and no cut-off members, targeting the 25th of May (see Figure 3). The results are consistent with
IFS results: over the UK-France region the cut-off members have a temperature average of ~ 1.3°C warmer than the no cut-off
members (Welch p <0.01, Figure 3b). The presence of a cut-off low on the 25th of May increases the probability of reaching
the observed UK-France daily mean temperature anomaly of 7.4°C from = 0.7% to ~ 4.5% (estimated from the skew-normal
fits in Figure 3 b). Preceding cut-off low activity explains about 30% of the variance in daily mean near surface temperature on
the 25th of May 2026 within the Z5o-matched sub-selection (Pearson = (.55, Spearman p = 0.63, p < 0.001).

We investigate the impact of the Iberian cut-off low by selecting the 10 members from the AIFS simulations for each initial-
ization date with the highest preceding cut-off low activity from the Z5yo-matched cut-off sub-ensemble. From this, we obtain a
third composite, which we compare against the entire Z5go-matched subselection, cut-off and no cut-off pooled (Figure 3c-e).
Significant warming occurs in areas that experienced the highest temperature anomalies in May 2026: The French Atlantic
Coast and Southern UK. The warming occurs within the high pressure system, most pronounced on the interface between the
cut-off low and the anticyclone (for the initialization of the 18th; Figure 3e). Further warming occurs on the Western flank of
the anticyclone (Init 17th; Fig 3c). In significantly impacted areas of the UK-France region, these members with the highest
preceding cut-off low activity forecast an additional average warming of 1.7°C compared to the Z5y9-matched ensemble mean.
The top 5% most severely affected grid-points experienced excess warming of 3.5°C solely due to the presence of the cut-off,
peaking at 4.5°C excess in the most impacted grid-points. The largest significant difference in vertical temperature structure
induced by the cut-off low over the UK-France region takes place at the surface and lower troposphere after a warming through-
out the entire atmospheric column at the heatwave start (Fig. 3d,f). As altitude increases, the difference is reduced, crossing
0 between 500h Pa and 800 hPa at the heatwave peak depending on the initialization date. The highest cut-off low activity
composite shows that high temperatures in the case of the May 2026 heatwave are driven by the combination of two synoptic

patterns: a record breaking blocking and a cut-off low west of the Iberian peninsula.
3.3 Reproducibility of cut-off low amplification in synoptic flow analogues

So far we have shown that the existence and preceding persistence of an Iberian cut-off low impacted the amplitude of the May

2026 heatwave in the UK-France region, especially where record breaking temperatures were registered. In this section, we
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Figure 3. Effect of Iberian Cut-Off Low Activity on 25th of May temperatures in IFS and AIFS Perturbed Forecasts. (a) Residual of
predicted daily mean near surface temperature after Zsqo-control for the pooled IFS initializations of the 17th and 18th of May. Members with
Iberian Cut-off on the 25th of May in red, members without in blue. (b) Predicted daily mean surface temperature anomalies in AIFS with
same color coding (only upstream cut-off lows classify as Iberian cut-off low), using all members exceeding the threshold Z500 > 5860 m
instead of removing the dependency on Zsq0. For each AIFS initialization day we test temperature anomaly of the 10 cut-off members with
the highest preceding cut-off activity against the entire Z500-matched ensemble mean (c,e), with p > 0.05 from one-sided bootstrapping test

stippled. (d,f) Vertical temperature anomaly against the Zsoo-matched ensemble over the UK-France region.
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test whether this observation holds across similar synoptic events, selected from flow analogues of geopotential height across
April to August from 1940 to 2025 (Jézéquel et al., 2018).

The seasonal and decadal distribution of the analogues is shown in Figure 4a. We find that no analogue occurs in April,
and only two, one cut-off and one no cut-off analogue, before the 25th of May. Instead, the analogues show a clear seasonal
signal towards the later summer months. Therefore, we conclude that the occurrence of the circulation pattern in May is highly
unusual and even when considering early June such events are highly unlikely. Contrary to previous summer heat extremes
with enhanced southerly flow anomalies (Noyelle et al., 2023b; De Vries et al., 2024; Vautard et al., 2023), the May 2026
heatwave shows no clear decadal trend in flow analogues (Fig. 4a).

We then investigate whether the presence of an Iberian cut-off low on the analogue day alters the probability of exceeding
a certain temperature threshold, as found for the May 2026 event (Section 3.1). In the cut-off analogue pool, daily mean
near surface temperature anomalies over the UK and France increase with preceding cut-off low activity (Figure 4b). Here,
preceding cut-off low activity explains 10% of temperature variance (p = 0.004), and the relationship strengthens slightly when
considering Z5go-controlled near surface temperature, i.e. the residual after the linear dependency of MJJA daily mean near
surface temperature on Zsq is removed. The Z5qg-controlled relationship is significant at every pool size from N = 20 to
N = 85, although the variance explained beyond Z5(g decreases from 29 % (N = 25) to 13 % (N = 85) as analogue quality
decreases. Among the 25 to 85 analogues without a cut-off, we find no effect of preceding cut-off low activity on near surface
temperature. We conclude that to establish an amplification of near-surface temperature by preceding cut-off low activity, an
Iberian cut-off low needs to be present at the analogue date.

The amplification of near surface temperature via cut-off activity further impacts the binary distinction between the cut-off
and no cut-off analogues, as found for IFS and AIFS in 3a-b. The cut-off composite has a daily mean surface temperature
anomaly shifted positively 0.66 K [0.23, 1.09] of the no cut-off composite (Welch p = 0.003; Kolmogorov—Smirnov p =
0.004). However, contrary to the IFS and AIFS ensembles for the May 2026 event, this binary distinction is not independent
of the UK-France region mean Z5q. Cut-off analogues are associated with stronger ridges over the target region and better
analogue quality, so that the binary distinction to the no cut-off pool is no longer significant once only the residual, Zgg-
controlled temperature anomaly is considered (+0.30 K, p = 0.12). In contrast to the IFS/AIFS ensembles, where a shared
initial conditions fix the large-scale atmospheric block and the cut-off therefore acts independently of it, in the historical
analogues cut-off presence is collinear with the UK-France box Z5(y and only preceding cut-off low activity adds near surface
temperature. Importantly, even when projected to the present day climate, the May 2026 daily mean temperature anomaly sits
above all previous analogues, even the 2022 UK heatwave. Thus, the May 2026 heatwave was not only unusual in terms of
seasonality but also its daily mean temperature anomaly in comparison with peak summer extremes.

The spatial imprint of strong preceding cut-off low activity within the analogue pool (Fig. 4c) mirrors the results obtained
via AIFS for the May 2026 event (Fig. 3c,e). Within the cut-off analogue pool, the composite of the five members with the
highest preceding activity shows the most pronounced near-surface temperature amplification over Brittany; The increase is

statistically significant across the entire French Atlantic coast and Southern UK. In these regions, the cut-off composite exhibits
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Figure 4. Impact of cut-off low activity across historical analogues. (a) Seasonality and occurrence across decades in the best 85 selected
cut-off (red) and no cut-off (blue) analogues between April and August 1940 to 2025 (25th of May as dashed line). (b) To the present
day projected temperature anomalies respective to 7 day smoothed 1995 to 2025 climatology across the best 25 (dotted line) and best 85
cut-off (solid line, red) and no cut-off (blue) analogues, against preceding cut-off low activity, with a skew normal distribution fitted to the
temperature anomaly distribution (histogram). Included in the analogue selection the June 2026 Heatwave ranks 11th (black). (c) Daily mean

surface temperature anomaly of top five cut-off low activity analogues respective to the 85 cut-off and 85 no cut-off pool.
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a daily mean surface temperature anomaly 2°C to 5°C higher than that of the full analogue pool (including both cut-off and no

cut-off members).
3.4 Lagrangian analyses of temperature in the UK-France region in ERAS and IFS

So far we have quantified the effect of an Iberian cut-off low on the May 2026 heatwave and have shown a moderate, but
significant increase in near surface temperatures over the UK and France in interaction with the anticyclone due to the cut-off
low’s presence and preceding activity. As outlined in the introduction, the mechanistic effect of cut-off lows on heatwaves has
mostly been implicitly studied, suggesting that Saharan air intrusions and advective warming can co-occur with cut-off low
activity (Hotz et al., 2024; Fix et al., 2024; Sousa et al., 2019). Cut-off lows have been statistically associated with western Eu-
ropean summer heatwaves (D’ Andrea et al., 2024) and appear in simulated and observed record-shattering heatwave dynamics
(Noyelle et al., 2023a; Lancelin et al., 2026; Ezber et al., 2026), yet how cut-off lows modify near surface temperatures in such
situations remains incompletely understood.

To gain a deeper understanding of the physical mechanisms that drive distinct surface responses to preceding cut-off low
activity, we perform a Lagrangian heat decomposition following Rothlisberger and Papritz (2023) on both ERAS5 and IFS data
(Figure 5). The Lagrangian heat decomposition framework decomposes the total vertical temperature anomaly during the heat-
wave (Fig. 5a) into contributions via horizontal advection across climatological temperature gradients (advective contributions;
Fig. 5b), via vertical motion along anomalous vertical temperature gradients (adiabatic contributions; Fig. 5c) and via changes
of potential temperature along the parcel trajectory (diabatic contributions; Fig. 5d). For the May 2026 Heatwave, we find a high
dynamical agreement with the July UK 2022 heatwave, as documented by Hotz et al. (2024): the beginning of the heatwave on
the 21st of May is driven by a top-down atmospheric control, mainly due to a strong advective influx that reaches throughout
the entire atmospheric column. As the atmospheric ridge builds up, adiabatic warming in the mid- to low-troposphere increases.
Advective fluxes in the troposphere stay positive throughout the 24th, and carry a positive signal in the lower free troposphere
during the heatwave peak throughout the 25th of May. At the near-surface level, strong adiabatic warming builds up throughout
the heatwave and is the main process driving near surface temperatures. This adiabatic contribution peaks at heatwave end, and
then is offset by an increased diabatic cooling in the lower troposphere, as the air continues to circulate within the heatwave
region until the 30th of May (the Lagrangian age at surface level increases without any change of Lagrangian distance; not
shown). When restricted to land-only grid points (Supplement Figure S7), diabatic processes in the boundary layer contribute
to the surface warming with a clearly visible diurnal cycle.

Atmospheric blocks during heatwaves can be reinforced by upstream latent heating over the North Atlantic (Pfahl et al.,
2015; Steinfeld and Pfahl, 2019; Steinfeld et al., 2020). This latent heating predominantly occurs in warm conveyor belt ahead
of extratropical cyclones (Madonna et al., 2014; Wernli and Davies, 1997; Heitmann et al., 2024) and can be identified by
a rapid increase in potential temperature in upstream air-masses (Zschenderlein et al., 2020; Hotz et al., 2024; Papritz and
Rothlisberger, 2023). During the May 2026 heatwave we find that such diabatic processes are of second order compared to

advective warming, indicating no strong signal of warm conveyor belts in the heatwave build up between the 21st and 25th.
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Figure 5. Vertical Lagrangian heat decomposition over the UK-France region for the May 2026 heatwave. The Total temperature
anomaly (a,e) is split into Advective (b,f), Adiabatic (c,g) and Diabatic (d,h) contributions. (a-d) Vertical Decomposition in the realized
ERAST event. (e-h) Difference of the temperature anomaly decomposition between the composite of the Top 5 IFS members highest near
surface temperature over UK and France minus the top 5 with highest Zs0o over the same region. The 25th of May 2026 00:00UTC is
highlighted as dashed vertical line.

To extract the processes that drive the observed near surface warming difference between the cut-off and no cut-off IFS
composites discussed in Figure le—f, we continue to perform the Lagrangian heat decomposition framework on the IFS en-
semble. Recalling that the top 5 Z599 composite in IFS was constructed in exclusion of the top 5 hottest composite (Figure
le,f), we subtract the first from the second over the vertical decomposition in Figure 5e-h. The top 5 hottest composite shows a
distinct warming signal that expands through the entire troposphere on the heatwave beginning (the 23rd of May) and extends
through the boundary layer until the 25th of May (Fig. 5Se). This temperature anomaly is carried by advective processes in
the lower and mid troposphere from the 23rd until the 25th of May (Fig. 5f). Near surface warming is further enhanced by
increased adiabaticity in the boundary layer (Fig. 5g). Diabatic processes play a minor role in the boundary layer (Fig. 5h),
even when land-only grid points are considered (Supplement Figure S7.) In the IFS ensemble the hottest 5 members have a
shorter persistence compared to the top 5 Z5o9 composite, leading to slightly higher near surface temperature anomalies in
the Z509 composite during the heatwave decay. The bias of the hottest 5 member composites with ERAS (Supplement Figure
S6), shows that the heatwave persistence is underestimated by this IFS composite due to a stronger atmospheric anticyclone in
ERAS (higher Z50 over the target region) which translates to increased adiabatic heating. In contrast, the top 5 Z5oo IFS mem-

bers underestimate near surface temperature at the heatwave peak on the 25th of May because the composite misses the exact
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same signature that is conveyed by the hottest 5 IFS members in Figure 5f and 5g: an enhanced advective process throughout

the atmospheric column on the 23rd and enhanced adiabatic warming on the heatwave peak.
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Figure 6. Regression of preceding cut-off low activity against vertical Lagrangian heat decomposition over the UK-France Region
Processes for each row as in Figure 5. (a-d) OLS slope of cut-off low activity against temperature anomaly decomposition across IFS members
(init 17th and 18th of May) (e-h) OLS slopes across the best 25 respective cut-off analogue dates. Nonsignificant slopes, following a Pearson
test, are shaded. Altitudes of Pearson correlation higher than 0.5 in black contours. The 25th of May 2026 00:00UTC is highlighted as dashed

vertical line.

Noting that Figure Se yields consistency with the AIFS-ENS sensitivity analysis above (Figure 3d—f), we verify that the
difference between the two IFS composites is representative of enhanced preceding cut-off low activity. We do so by linearly
regressing preceding cut-off low activity on the vertical profile of each process (Figure 6). Linear regression slopes are com-
puted for both IFS and the best 25 cut-off analogues. Consistent with the difference between the IFS composites, preceding
Cut-off activity enhances a deep, mid-tropospheric advective branch arriving two day prior to the 25th together with an en-
hanced adiabatic warming during the heatwave peak. The low tropospheric adiabatic warming, conveying heat to the boundary
layer, results from an enhanced subsidence velocity and dominating compression term rather than changes in the climatological
temperature gradient (see both terms in equation 5). We tentatively interpret this result as a subsequent coupling of the mid
tropospheric branch to the near surface layer. We cannot rule out a contribution from entrainment of warmer air at the boundary-

layer top, but our Lagrangian setup does not properly resolve turbulent entrainment, and the subsidence maximum just above
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the boundary layer may partly reflect this limitation. The analogues reproduce the adiabatic warming around 850 hPa, but
not the mid-tropospheric advective signal to a significant extent. The link between cut-off activity, the advective branch, and
near-surface temperatures will be further discussed in the next section. Prior to the heatwave peak, the diabatic signal in the
analogues carries the opposite sign of IFS, though the contribution is non-significant in the analogues. We hypothesize that this
is because some of the analogues show a stronger warm conveyor belt signal over the western North Atlantic than the May
2026 heatwave (Supplement Figure S9d).

From Figures 5 and 6, we learn that in the mid-troposphere, preceding cut-off low activity alters the advective transport prior
to the heatwave peak. The mid tropospheric branch preconditions the surface response, as this surplus is gradually transferred
to the boundary layer via enhanced subsidence. In the heat decomposition framework, such advective processes are derived
from climatological, horizontal temperature gradients. As such they are associated with specific atmospheric pathways. In
particular Saharan air intrusion has been reported to co-occur with cut-off low activity during previous heatwaves in previous
tracer analyses (Fix et al., 2024; Fix-Hewitt et al., 2026; Vautard et al., 2020). In the following section, we will therefore test
the impact of cut-off low activity on the movement of air masses by introducing a novel trajectory origin contribution analysis

which we couple to the temperature decomposition above.
3.5 Iberian cut-off lows enhance heat transport from Sahara

Now we test the hypothesis that these advective processes are driven by the presence of the cut-off low. As advective warming
in the heat decomposition framework is defined as trajectory movement across horizontal temperature gradients (Rothlisberger
and Papritz, 2023), the origin and horizontal pathway of a parcel mainly influence the final outcome of this variable. To test
for statistical links between the origin of the process contribution, preceding cut-off low activity and near surface temperature,
we generate the origin contribution map described in the methods section for every IFS member. We later evaluate the linear
regression slopes between the ensemble maps with preceding Iberian cut-off activity and the linear regression slopes between
the ensemble maps with daily mean surface temperature over the UK France box on the 25th of May.

We find that from the 24th to the 25th of May at 850 to 1000 hPa arrival level, where the advective heat difference between
the two IFS composites in Figure 5 is strongest, the main difference in the origin of advective heat sits over the Western
Sahara and Morocco (Supplement Figure S8a). Here, the integrated contribution difference between 20°W-0° longitude and
25°N-40°N latitude is about 0.88°C across both days. Consistent with the previous section, we find that the amplification of
the Saharan branch is strongly represented in the mid tropospheric arrival band between 250 to 750 hPa (Figure S8b). The
mid-tropospheric branch is our preferable choice for further analysis compared to the near surface level, as it directly connects
to the cut-off low analysis centered around 500 hPa.

Aggregated over all trajectories arriving between 250 hPa and 750h Pa over the 24th to the 25th of May we obtain Figure
7a for the positive advective branch of ERAS5 (Supplement Figure S10 shows all process maps). The ERAS origin contribution
map shows a strong advective branch originating over the Saharan coast, extending over the Canary Islands up to the Iberian
Peninsula. Further branching occurs from the West tropical North Atlantic, Mexico and the US. The dominant North American

branch is well reproduced by the IFS model. The Saharan branch is much stronger in the realized ERAS event than in the
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(a) ERA5 advective branch (24-25 May) (b) Analogue advective branch (best-25 cut-off)
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Figure 7. Genesis locations of 250-750 hPa advective temperature anomaly contributions to the UK-France region and their regres-
sion slopes with preceding cut-off low activity and near surface temperatures. Advective origin contribution map aggregated over the
24th to the 25th of May for ERAS (a) and for the best 25 analogues (b), positive grid cells only. (c) Regression slope of advective origin
contributions across IFS Members from Initializations of 17th and 18th of May with persistent cut-off low activity preceding the 25th of
May and (e) with daily mean surface temperature at the 25th of May. Panel (d) same as (c) across the best 25 cut-off analogues using the
respective analogue date instead of the 25th of May as reference. Panel (f) as (e) for the same analogues. Box integrated linear regression

slopes 3, as referred to in the legend, are not normalized by area.

IFS ensemble mean, but also the west tropical North Atlantic branch is slightly underrepresented, meaning the forecast under-

represents the advective import from these regions. This is consistent with the exceptional strength of the realized Saharan
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branch and, as we will now see, with a higher near surface response of ERAS compared to IFS. We use the IFS pool to extract
the origin regions which drive enhanced advective warming observed in the previous section (Figure 7c,e). A linear regression
between preceding cut-off low activity and the advective contribution of each cell (Figure 7c) highlights regions which have
the strongest link to preceding cut-off low activity within the IFS ensemble. While the US-Mexican branch shows significant
negative dependence of branch activity on preceding cut-off low activity, the Saharan branch shows the strongest positive
dependency. The average over the entire Saharan box shows that preceding cut-off low activity explains more than 25% of
the branch variance. The effect of the advective branch on the near-surface temperature reveals the same spatial pattern and
similarly strong statistical link of the Saharan branch on the near surface temperature over the UK and France.

We again cross-validate the IFS results on the pooled best 25 cut-off analogues. The analogue pool’s upper tropospheric
pathways agree with known upper tropospheric Lagrangian dynamics of summer heatwaves (Zschenderlein et al., 2020) (Figure
7b): The origin contribution analysis reveals a (remote) strong advective branch along the US and across the West Subtropical
North Atlantic into the Heatwave region. Distinct from this branch is a second (nearby) pathway from the Saharan region
through the Iberian Peninsula. Importantly, both of these branches carry different diabatic signals consistent with Zschenderlein
et al. (2020). The remote branch is intensified through diabatic heating, whereas the nearby branch is diabatically cooled
(Supplement Figure S9).

The analogue results are dynamically consistent with the IFS results, with strong statistical links to advective origin over
the Iberian Peninsula, Gibraltar and Morocco. For the Box integrated values we find agreement between the analogue pool
with what is observed in IFS. Here, persistent cut-off low activity amplifies the nearby advective branch, explaining about
35% of the branch’s variance (Fig 7d). In turn, the nearby branch explains 38% of the UK-France near surface temperature
variance (Fig. 7f). Comparing the analogue analysis with the IFS shows that the nearby branch is the only consistent pathway
that survives this cross validation. We hence show that preceding cut-off low activity not merely enhances advective warming
per se, but particularly strengthens the movement of air masses from nearby branches most strongly linked to increases in near
surface temperatures. In case of May 2026, the genesis of temperature anomalies happened unprecedentedly far South within
the nearby branch compared to the analogue pool (Figure 7a vs 7b), providing a possible explanation for the large margin by

which UK-France near surface temperature anomalies in May 2026 differed to similar past synoptic events (Figure 4b).

4 Discussion

The atmospheric pattern of the May 2026 heatwave is frequently associated with late summer heatwaves in the ERAS reanal-
ysis, but rarely found in early season heatwaves such as May and June. Importantly, we find high synoptic and dynamical
agreement between the May 2026 and the June 2026 Heatwave, as well as between the May 2026 Heatwave and the July
2022 Heatwave; both of these events rank in the top 25 cut-off analogues if 2026 is included in the analysis (Figure 4b). Both
heatwaves yielded record-breaking temperatures over the Southern UK and the French Atlantic coast. We therefore repeat the
analysis of Figure 4b for the July 2022 and June 2026 heatwave dates, as they both represent record-shattering events synop-
tically similar to the May 2026 event (Supplement Figure S11). The statistical link at N = 85 between preceding cut-off low
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activity and daily mean near surface temperature appears similar or stronger in these examples (r = 0.33 for July 2022 and
r = 0.40 for June 2026; robust to Z5go-control, not shown). Hence, the findings of this paper hold importance to understand

recent record-shattering, cut-off low amplified heatwaves beyond the specific case of May 2026.
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Figure 8. Seasonal changes in Iberian cut-off low intensity and frequency between 1940 and 2025 (a) May mean Iberian cut-off intensity,
measured as optimal slope So on 500 hPa geopotential height contours, (b) for the month of June. (c) Intense cut-off low occurrence (number
of days with optimal slope So > 18 m per 100 km) for the month of May, (d) for the month of June. The 11-year-running means is shown in
black and linear 1985 to 2025 trend in red.

The extreme early season heat of 2026 raises the question of how such rare events can appear twice sequentially within the
time span of 30 days. In contrast to previous studies on Southerly Flow anomalies in spring (Noest et al., 2026), we do not
find evidence for significant dynamical trends in neither May nor June analogues. However, we do find a significant increase
of Iberian cut-off low activity for the month of June (Figure 8b). The trend is mainly driven by an increased occurrence of
intense Iberian cut-off lows (So > 18 m (100 km) 1), rising with a trend of 1.18 days per decade since 1985 (Figure 8d). The
finding of more intense Iberian cut-off lows is in agreement with previous studies on summer North Atlantic deep depressions
(D’ Andrea et al., 2024), and requires an in depth investigation of whether this signal is anthropogenically forced or not, which

is beyond the scope of this study.
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5 Conclusions

495 This paper puts together an ensemble of methods (Lagrangian analysis, analogues of circulation) and datasets (reanalysis,
ensemble forecasts) to provide a thorough climatological and meteorological analysis of the exceptional May 2026 heat event
that struck France and Southern UK.

We showed that:

— the primary source of heat came from record-breaking anticyclonic conditions over France (the so-called Omega block).
500 This pattern alone contributed to half of the temperature anomaly (4 ~ 2.8°C) over France and Southern UK through

adiabatic heating, but does not explain the entirety of the observed temperature anomaly (4 ~ 7.4°C).

— a cut-off low over the Iberian Peninsula dynamically amplified the heatwave to a record-breaking extent in interaction
with an unprecedentedly strong ridge. Using large ensemble medium range forecasts (IFS and AIFS) we quantified the
effect of the Iberian cut-off low and showed that its impact is localized, mainly amplifying temperatures near the French

505 Atlantic coast and southern UK by up to 4.5°C.

— preceding cut-off low activity amplifies advective heating in the mid troposphere and increases subsidence near the
boundary layer top. This was found by applying a Lagrangian temperature anomaly decomposition to the 100 members

of the perturbed IFS forecast and 25 synoptic circulation analogues.

by linking the mid-tropospheric advective contribution to its genesis location, the amplification of near surface tempera-

510 tures via preceding cut-off low activity can be explained by the amplification of a nearby Saharan Branch,

compared to other, synoptically similar events, the Saharan branch in May 2026 emerged unprecedentedly far south. The

contribution of the branch was underestimated in the IFS forecast initialized 7 and 8 days before heatwave peak.

the diabatic term (due to latent heat fluxes) cooled the lower troposphere, suggesting that temperatures could have been

higher if the beginning of May had not been wet in Western Europe.

515

the circulation pattern of the May 2026 heatwave is typically associated with late summer month, and its occurrence in
May, even in the beginning of June is highly unusual. The closest May analogue is found for the May 1944 heatwave
(Holliday et al., 2026), i.e. appears in the first decade of the ERAS record.

During the May 2026 heatwave preceding cut-off low activity was neither remarkable in its intensity nor persistence, yet
amplified near-surface heat by establishing a mid-tropospheric branch deep into the coastal North-western African region

520 over Morocco and West Sahara prior to the heatwave peak. The established airflow then amplified near surface heat (due to
anticyclonic conditions over France), as the cut-off low enhanced subsidence near the boundary layer in the following days. The
impact was highly localized in the downstream interface between the ridge and the cut-off low, namely over Northern Spain,

the French Atlantic Coast and Southern UK, exactly where record-breaking temperatures occurred. We find that the dynamic
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of cut-off low amplified near surface temperatures likely played a role during record-shattering extremes in the Southern-UK
Western France region with similar atmospheric patterns, such as during the July 2022 and the June 2026 heatwave.

Although this paper is not an extreme event attribution study (National Academies of Sciences Engineering and Medicine,
2016), we argue that the approach that we followed could complement analyses of extreme events that are based on the
atmospheric circulation (Faranda et al., 2024). This could be done by analyzing the terms of the temperature decomposition
(rather than just their sum at the surface), and by focusing the search of analogues on the separate occurrence of cut-off lows
and anticyclonic conditions (e.g., with methods developed by Fery et al. (2022), possibly extending the analogue search to the
CMIP model world (Riboldi et al., 2026)). This is close to a storyline approach (Shepherd, 2019) of attribution, by identifying
the physical mechanisms leading to extreme heat. The analysis of analogues shows that the occurrence of intense Iberian
cut-off during June has significantly increased since 1985, whether anthropogenically forced or no, remains open for further
investigation. As the near-surface impact increases with preceding Iberian cut-off low intensity, an increase in such activity can
have highly localized impact on France and the UK, especially when coupled to the formation of strong ridges. This analysis
is coherent with the increasing duration of the warm season in Europe (Pefia-Ortiz et al., 2015).

Overall, this analysis was able to relate large-scale atmospheric structures to the temperature evolution processes over the
atmospheric column. This exercise is necessary to understand and anticipate the (future) evolution of the most extreme heat

events, beyond statistical analyses of surface temperature time series.

Code and data availability. Analysis scripts are available on github (https://github.com/maevemayer/may2026-heatwave) and the derived
data on Zenodo (10.5281/zenodo.23666703). IFS ensemble forecasts for geopotential height on pressure levels and near surface temperature
can be downloaded from the TIGGE Archive (ECMWF Data Store Service, 2026; Bougeault et al., 2010; ECMWEF, 2026). ERAS reanalysis
data can be downloaded from the Copernicus Climate Data Store (Soci et al., 2024). The AIFS-Ens vl model with weights is available on

HuggingFace (https://huggingface.co/ecmwf/aifs-ens-1.0, last accessed : 26/10/2026)
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