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Background

• Europe and the Mediterranean have recently experienced record-breaking land and marine 
heatwaves.

• The same period saw intense convective storms across the region, producing severe and 
localized hazards.

• They have been studied separately.

• 2022 has been a recent key example year of this kind.

• It’s not all about the phenomena itself but the impacts:
• Increased heat stress and elevated heat-related health risks.
• Heightened wildfire danger and ecosystem stress.
• Reduced water availability and impacts on agriculture and energy demand.
• Storm-related flooding/wind, fatalities, infrastructure damage, and disruptions to transport and services.
• Even economic impact on inflation.
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Background and Impacts

• Europe and the Mediterranean have recently experienced record-breaking land and 
marine heatwaves.

• The same period saw intense convective storms across the region, producing severe 
and localized hazards.

• 2022 has been a recent key example year of this kind.

• It’s not all about the phenomena itself but the impacts:
• Increased heat stress and elevated heat-related health risks.

• Heightened wildfire danger and ecosystem stress.

• Reduced water availability and impacts on agriculture and energy demand.

• Storm-related flooding/wind, fatalities, infrastructure damage, and disruptions to transport and services.

• Even economic impact on inflation.
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2022 extreme atmospheric & oceanic event
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Geopotential Height @500 hPa 
Zonal Anomaly – W-C Europe

Sea Surface Temperature
Anomaly – W. Mediterranean

2022 extreme atmospheric & oceanic event
MMJ
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˚Czonal anomaly (dam)

2022 extreme atmospheric & oceanic event
May-Aug
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Recent changes in the atmospheric circulation

˚C

GH zonal anomaly

zonal anomaly (dam)

GH zonal anomaly

May-Aug
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Recent changes in the atmospheric circulation

?

May-Aug
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?

Recent changes in the atmospheric circulation
May-Aug
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These recent changes can be explained though a dynamical pathway

MJJ
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• (k,m) Composite March differences of (k) sea surface temperature (SST) and (m) sea surface salinity (SSS) 
between HRA and LRA years. 

• (l,n) Composite differences of the seasonal surface cooling (l) and surface freshening (n) between the HRA 
and LRA years, with negative SSS anomalies indicating enhanced freshening.

• The seasonal cooling and freshening refers to the SST and SSS differences from autumn (averaged over 
September to November) to March. 

The SSS has been estimated using a surface mass balance.

 The green contour line represents the mean location of the subpolar gyre, 

represented by the -0.5 m isoline of the mean absolute dynamic topography. 

Dots indicate significant statistical difference (p ≤ 0.05; rank-sum test).

SST                                    SST

The SST pattern in HRA/LRA appears to be linked to Greenland melting

SSS                                    SSS

HRA – LRA (march)                                                                                                       HRA – LRA (seasonal change)



The cascading mechanism impacts on surface
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The atmosphere inf luences on the sea over the W Med region

Weekly detrended Weekly detrended Apr to Aug

wind: mistral
evap: evaporation

clouds: cloud cover
ssrd: downward solar IR 

radiation at surface
sst: sea surface 

temperature

*p-value in grey
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Weekly detrended Apr to Aug 2022 (lagged)
(left is after; right is before)

wind: mistral
evap: evaporation
clouds: cloud cover
ssrd: downward solar IR 
radiation at surface
sst: sea surface 
temperature

Z500 ↑
wind ↓ ---> evaporation ↓? ---> SST ↑
cloud cover ↓ ---> sfc solar radiation ↑ ---> SST ↑

The atmosphere inf luences on the sea over the W Med region
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IFS seasonal ensemble modelling experiments with prescribed SSTs support the physical pathway

observed

MMJ
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Mechanism not present in CMIP6
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Mechanism not present in CMIP6
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Summary Schematic
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• Emerging dynamical changes in the atmospheric circulation during spring-summer in the NH, which 
are more robust over the western Euro-Med region.

• These changes are potentially associated with North Atlantic SSTs and are the cause of extreme 
MHWs over the western Mediterranean, leading to more potential for extreme convective storms.

• These North Atlantic SSTs changes seem to be linked to Greenland Ice Sheet melting and runoff: An 
emerging impact from the melting.

• CMIP6 models do not reproduce this mechanism, worrying for future projections.

• Another potential mechanism to explain why Europe is warming more than the rest of the Northern 
Hemisphere? And why the Mediterrranean Sea is warming more rapidly?

• Important source of predictability for seasonal2decadal scale?

• Submitted… González-Alemán et al. (2026).

Conclusions
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Muchas gracias por vuestra 
atención!

Thank you for your attention!

               Contact:         jgonzaleza@aemet.es /          @glezjuanje /          glezjuanje.bsky.social

mailto:jgonzaleza@aemet.es
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