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MOTIVATION

- Climate change 1s increasingly affecting the intensity of
severe weather events in the Mediterranean.

AlIM

- Given the severity of the derecho event and the presence of
the record-breaking marine heatwave, investigate the possible
influence of the anthropogenic warming on the case study.
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Derecho (AMS definition)
A widespread convectively induced straight-line windstorm,

Specifically, the term is defined as any family of particularly
damaging downburst clusters produced by a MCS. Such systems
have sustained bow echoes ... and can generate considerable
damage from straight line winds. Damage must be incurred either
continuously or intermittently over a swath of at least 650 km and a
width of approximately 100 km or more.

The term derecho derives from a Spanish word that can be
interpreted as ‘straight ahead” or ‘'direct” and was chosen to
discriminate between wind damage caused by tornadoes, which
have rotating flow, from straight-line winds.



Introduction

On 17 August 2022, strong instability and strong wind shear developed
over the western Mediterranean.

Concurrently, a record-breaking marine heatwave (MHW) was present
over the Mediterranean Sea during summer 2022, peaking in July.

* Long swath of severe winds from
the Balearic Islands to southern
Czech Republic on August 18,
2022, with maximum wind gusts of
62.2 m/s, measured by Meétéo
France at Marignana, Corsica.

* |n total, 12 people died and 106
people were injured.
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Introduction

Ahead of the eastward moving shortwave trough, convective cells organized into a
bow-shaped system
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From an a.tmOspheric.pe'rspective:
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- From an atmospheric perspective:

Station Max Wind Gust (ms?)  Monthly Record (ms!)  Annual Record (ms™)
Marignana [Ma] 62.4 27.3 49,0 ’
Calvi [Ca] 54,7 28.0 44,0
Bocognano [Bo] 52.2 31.5 42.8
Ile Rousse [Ir] 51.3 39.0 59.0
Ajaccio-La Parata [Aj] 44.0 36.8 46.1
Renno [Re] 37.5 26.0 40.2
Pietralba [Pi] 35.9 30.0 36.0
Sampolo [Sa] 34.3 34.2 47.0
Oletta [O1] 34.3 25.0 38.4
Corte [Co] 23.4 21.9 40.5
Cap Corse [Cs] 49.4

Cap Sagro [Cs] 48.3

Santo Pietro Di Tenda [Sa] 27.5

Bastia [Ba] 34.2 35.0 51.4
Calacuccia [CI] 46.4

Sponde-Nivose [Sn] 41.7

Maniccia-Nivose [Mn] 27.2

Alistro [Al] 31.1

Ajaccio-Campo dell’Oro [Ac] 36.4 36.7 36.7
Sari d’Orcino [Sd] 30.8

Solenzara [So] 25.8 28.9 48.1




From an oceanic perspective:

Record-breaking marine heatwave
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From an oceanic perspective:

SST probability distribution in August

ks mean P95th
c) 0.8°C  1.5°C

0.7 1

0.6

— 1940-1969
— 1993-2022

Probability
o o ©
[N] W I

e
-

°
<)

22 23 27 28 29 30

N
-




Methods

Sensitivity test by perturbing SSTs with the operational Meteo-France
AROME model [~1.3 km; 3DVAR to reduce spinup].

Pseudo-global warming simulations (storyline attribution) with MPAS model

[3 km to 60 km; 1.c. 00 UTC, 17 Aug]: All the initial thermodynamic variables
as well as GHG were perturbed to reflect preindustrial and future conditions in
mid-August.

Factual (observed): GFS analysis --> MPAS

Counterfactual past (preindustrial): GFS — [anthropogenic forcing from
CMIP6 models] --> MPAS

Counterfactual future (SPS5-8.5): GFS + [anthropogenic forcing from
CMIP6 models] --> MPAS



 Results
- AROME simulations with SST perturbations.

~ Lagged ensemble (all initializations; 1708 00Z ~ 1708 21Z; every 3 hours) mean
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 Results

MPAS pseudo-global simulations
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- Results

MPAS pseudo-global simulations (perturbed with the EC-Earth3 CMIP6 model)
Past evolution
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Results
MPAS pseudo global simulations (perturbed with the EC-Earth3 CMIP6 model)

Future evolution (SSP5-8.5)
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Results

MPAS pseudo-global simulations

Past (piControl) Future (SSP5-8.5)
ASST)’C  Afarea>33ms™)%  A(SST)’C  A(area>33ms™)%

CESM2-WACCM -1.44 -58.4 3.64 +94.0
EC-Earth3 -1.88 -93.1 4.39 +300.9
MPI-ESM1-2-HR -1,23 -62.2 2.84 +225.9
MRI-ESM2-0 -1.19 -98.4 2.88 +105.3
NorESM2-MM -1.34 -98.8 3.68 +192.8
Mean -1.42 -82.2 3.49 +183.8

Table 1. More information on the pseudo-global warming simulations performed, extended to all the
CMIP6 models used in this study. The first column indicates the changesin SST between the factual and
counterfactual [past (piControl)] runs over the same region as in Fig. 1b. The second column indicates
the same as the first column but for changes in the area with wind speed above 33 m 5™, The third and
fourth columns indicate the same as the first and second columns, but for future (SSP5-8.5) runs. The
last row indicates the mean for all the simulations.



Conclusions

The severe convective windstorm
developed over the western
Mediterranean Sea in August 2022 was
substantially amplified by the extreme
marine heatwave.

Pseudo-global warming simulations
showed that current anthropogenic
climate change forcing contributed to
the triggering of the derecho by making
environmental factors more favorable
for convective amplification:

in the past climate, only ordinary
convective cells would have formed,
without the development of any
derecho;

continued warming may even lead to
larger and stronger derechos in the
future.

AMS@

Bulletin of the American Meteorological Society

Juan Jestis Gonzdlez-Aleman, Damian Insua-Costa, Eric Bazile, Sergi Gonzalez-Herrero,
Mario Marcello Miglietta, Pieter Groenemeijer, and Markus G. Donat

AFFILIATIONS: Gonzélez-Aleman*—Department of Development
and Applications, Spanish State Meteorological Agency, Madrid,
Spain; Insua-Costa*—Hydro-Climate Extremes Lab (H-CEL),
Ghent University, Ghent, Belgium, and CRETUS, Non-linear
Physics Group, Universidade de Santiago de Compostela, Galicia,
Spain; Bazile—CNRM, Université de Toulouse, Météo-France,
CNRS, Toulouse, France; Gonzélez-Herrero—WSL Institute
for Snow and Avalanche Research SLF, Davos, Switzerland;
Miglietta—CNR-ISAC, Padua, Italy; Groenemeijer—European
Severe Storms Laboratory, Wessling, Germany; Donat—
Barcelona Supercomputing Center, and Institucié Catalana de
Recerca | Estudis Avanqats, Barcelona, Spain

* Cofirst authors.

CORRESPONDING AUTHOR: Juan Jests Gonzélez-Aleman,
jgonzaleza@aemet.es

Supplemental material: https:/doi.org/10.1175/BAMS-D-23-0119.2

In final form 4 August 2023

N Meteorological Soclety. This published article s licensed
the default AMS reuse license. For Information regarding
reuse of this content and general copyright Information, consult the AMS
Copyright Pollcy ( C ).

AMERICAN METEOROLOGICAL SOCIETY

A record-breaking marine heatwave and anthropo-
genic climate change have substantially contributed
to the development of an extremely anomalous and
vigorous convective windstorm in August 2022 over
the Mediterranean Sea.

n 17 August 2022, very high atmospheric
instahility and strong wind shear developed
over the western Mediterranean. Ahead of an
eastward moving shortwave trough, convective cells
organized into a how-shaped system, producing a
long swath of severe winds from the Balearic Islands
to southern Czech Republic on August 18 (Fig. 1a),
with maximum wind gust of 62.2 m s, measured
by Météo France at Marignana, Corsica. In total,
12 people died and 106 people were injured. This
system can easily be classified as a derecho (ESSL
2022), a particularly long-lived and severe convective
windstorm (Johns and Hirt, 1987; Corfidi et al, 2016).
Concurrent with the derecho, a record-breaking
marine heatwave (MHW) was present over the
Mediterranean Sea during summer 2022, peaking in
July. The sea surface temperature (SST) anomalies
exceeded 3°C (see Fig. 1b) over the region where the
storm developed.
Derechos have been reported in different parts of
Europe (e.g., Gatzen 2004; Punkka et al. 2006; Gatzen
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