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Outline

. glimate change in the Mediterranean
ea

* The new Information to study ocean
variability and change: open and free
data at 1-5 km scale

* The Mediterranean Sea climate signals:
circulation structures, overturning, sea
level rise and changes in the carbon
cycling

Department of Physics and Astronomy, University of Bologna March 28, 2024




Climate Change In the
% Mediterranean Sea.
B Temperature

Mediterranean Sea SST Cumulative Trend (1993-2022)
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TN Climate Change in the

% Mediterranean Sea.
%5 0-700 m heat content

Mediterranean Sea Heat Content (0-700m)
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requency of the 100 year storm
surge event in 2100

2100

From: Vousdoukas et al.. Nature communication, 2018
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The ocean value chain

Routine ocean Customized
monitoring and . ernsttergf;?t?g - applications
predicting : Llal) (What if

: : on-demand :
(physics, sea-ice, scenarios, Ocean

: : modelling and o "
biogeochemical data anagljytics indicators, Digital
Twins, Early

cyc_:les and (Al) _
o][e][e]e)Y)] warnings, etc.)

Real time
Ocean Observing
(satellite
and in situ)

Requirements and feedbacks

Department of Physics and Astronomy, University of Bologna March 28, 2024




Systemic science:
/=2 monitoring and predlctlr(ljg
ays)
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~Why from large to coastal scales?

\
\
W ‘v‘\
\

\\\

108

CincC Georgia
Centro Euro-Mediterraneo g
sui Cambiamenti Climatici ec

Limited area model for the A Hurricane induced storm surge:
Georgia (USA) coasts Can we forecast it?
325 (a) _ . B""thym‘;},’y o) NCEP - NOAA 2019-09-04 00:00:00

32.3
32.1°
- 30
n
E
31.9 - 25
8 1< =P E
2 O
© L 20 @
—31.7 > T
Lo o T apy 4 -Z:Ajaaaaiﬁéaﬂin =
. - ' Vot adat allad ade Vo VNN
31.5 M _ et et o SN
EFrrrrres '
31.3° [
31.1" - - . . : ;0
-81.5 -81.3 -81.1 -80.9 -80.7 -80.5 -80.3
Longitude

Department of Physics and Astronomy, University of Bologna March 28, 2024




~“Why from large to coastal scales?
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2. The systemic approach applied
r:z} in the Mediterranean Sea
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- T%The systemic approach allows to

ZAN
A

-\decrease the errors with time

cmcCC
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7. The Mediterranean long term
a0 mean (34 years) |
ate circulation from reanalysis
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o5 The marine health status Is

. “ciconnected to basin vertical
=bS| circulation
Mediterranean like
basins
ocean Vigorous circulation
i :;Ifr:h;i;lf;::r:}% wiler
Black Sea like Stagnant circulation
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ZERC O3

Cessi, Pinardi and Lyubartsev, 2014
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Why Is the Mediterranean Sea
healthier than th)e Black Sea
one”

s

1
1
Winds Heat and water
fluxes

Mediterranean Sea +0.8 +1.1
Black Sea -3 +3

In the Mediterranean both winds, heat and water
| fluxes power the circulation,
In the Black Sea they cancel each other
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&, The Mediterranean overturning
o) circulation structure
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The climate index of the
editerranean Sea overturning:
a proxy for oxygen supply
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775 The climate index of the
2, Mediterranean Sea:
ﬁ”da proxy for oxygen supply

WMOI: maximum of the anticyclonic cell in the Western Mediterranean
EMOI: maximum of the anticyclonic cell in the Eastern Mediterranean
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Climate Change In the
Mediterranean Sea;
sea level rise

Satellite altimetry Copernicus gridded product [mm]
Average over the basin
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The mean sea level rise in the past 30 years has slowed down
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Climate Change In the
Mediterranean Sea:
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. Why is sea level slowing down
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% Inthe Mediterranean Sea?
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~% Why Is sea level slowing down
17 Inthe Mediterranean Sea?
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‘775 Climate downscaling to the
A, coastal areas:

5 the Adriatic Sea case
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Present climate simulation
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How Is the oxygen and the
acidity in the future Adriatic?
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ﬁ_roperly studied with new reanalysis products at
Igh resolution for the Med Sea. The circulation is
boundary and free jets intensified

 The Mediterranean Sea health status depends on
Its overturning circulation: Eastern Mediterranean
plays a crucial role in the oxygenation of the basin

« Sea Level Rise in the Mediterranean is decadal,
slow down detected for the first time

« Advanced climate downscaling in the Adriatic Sea
for biogeochemistry shows that oxygen will
decrease and acidity will increase with important
subregional differences
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