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1.  Satellite altimetry data availability from 1993

 more than 30 years of high-resolution satellite altimetry 

 data are now available

3. Mediterranean large-scale decadal variability

 of the mean circulation and water mass formation events 
[Pinardi et al., 2015]

2. Importance of decadal trends at the global scale

 decadal variability influences the global water cycle 

 [Cazenave et al., 2014]
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Does the Mediterranean Sea mean sea level

 decadal trend change

 from 1993 to 2022 ? 
??
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Global vs Mediterranean Sea Level rise

GLO-MSL trend : 3.3 ± 0.3 mm/year in 1993-2021 [Guerou et al., 2023]

MED-MSL trend: 2.1 ± 0.5 mm/year in 1993-2019 [Meli et al., 2023]
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Global vs Mediterranean Sea Level rise

Does the Mediterranean Sea mean sea level

 decadal trend change

 from 1993 to 2022 ? 
??

[Copernicus Marine Service Information: moi-00237 and moi-00264. Accessed on 19/05/2025]
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Mediterranean MSL decadal trend 
Datasets

OBSERVATIONSAL DATASETS

→ Compute trends

Satellite altimeter data of daily sea level anomaly (SLA) from 
the Copernicus Marine Service catalogue

  CMS (Allsat) : European L4 multiyear product at 1/8°

  C3S (Twosat) : Global L4 multiyear product at 1/4°

Insitu tide gauges data of monthly mean sea level from the 
Permanent Service of Mean Sea Lavel (PSMSL) dataset
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Mediterranean MSL decadal trend 
Datasets

OBSERVATIONSAL DATASETS

→ Compute trends

Satellite altimeter data of daily sea level anomaly (SLA) from 
the Copernicus Marine Service catalogue

  CMS (Allsat) : European L4 multiyear product at 1/8°

  C3S (Twosat) : Global L4 multiyear product at 1/4°

Insitu tide gauges data of monthly mean sea level from the 
PSMSL dataset

REANALYSIS DATASETS

→ Analyse the water budget

MEDREA24 ocean reanalysis

ERA5 atmospheric reanalysis

EFAS_V5 hydrological reanalysis
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✓ Compute the SLA basin mean

✓ Remove the daily seasonal cycle to obtain de-seasoned SLA (NS-SLA)
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Mediterranean MSL decadal trend 
Analysis method

TREND METHOD

value
Theil-Sen slope, less sensitive to outliers compared to 

traditional linear regression

statistical significance
p-value from Mann-Kendall test, modified for autocorrelated 

data

uncertainty
from a distribution of trend-residuals, using a stationary 

bootstrap scheme

difference between 
decades

Welch’s t-test

✓ Compute the SLA basin mean

✓ Remove the daily seasonal cycle to obtain de-seasoned SLA (NS-SLA)

✓ Apply a low-pass filter to remove short-term fluctuations

✓ Estimate the decadal trends over 10-year sliding windows 
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• From the 2003-2012 period, C3S trends are smaller compared to CMS trends 
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Mediterranean MSL decadal trend 
NS-SLA trend

NS-SLA decadal trend

• High temporal variability, with largest trend values in the middle of the timeseries

• In the last period, MED decadal trend is slowing down

• From the 2003-2012 period, C3S trends are smaller compared to CMS trends 

Main decadal windows:
1998 = from 1993 to 2002
2008 = from 2003 to 2012
2018 = from 2013 to 2022
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Sub-basins contribution to the MSL decadal trend 

The trend is weaker in the WMED 
and larger in the EMED, except in the 
Ionian Sea where a negative value is 
expected due to the Eastern 
Mediterranean Transient event

The trend is positive over the entire 
basin and more homogeneous

The trend increases in the WMED, 
while in the EMED it is slowing 
down. In the Adriatic and Aegean 
Seas, the trend has now reversed

1993-2002 2003-2012 2013-2022
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Sub-basins contribution to the MSL decadal trend 

The trend is weaker in the WMED 
and larger in the EMED, except in the 
Ionian Sea where a negative value is 
expected due to the Eastern 
Mediterranean Transient event

The trend is positive over the entire 
basin and more homogeneous

The trend increases in the WMED, 
while in the EMED it is slowing 
down. In the Adriatic and Aegean 
Seas, the trend has now reversed

1993-2022

1993-2002 2003-2012 2013-2022

The 30-year trend oversimplifies 
the representation of the MED 
behavior (2.4 ± 0.2 mm/year) 

The global MSL 
trend is 3.3 ± 0.3 

mm/year 
(1993-2021)
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Sub-basins contribution to the MSL decadal trend 
EMED and WMED

NS-SLA decadal trend
NS-SLA decadal trend
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Sub-basins contribution to the MSL decadal trend 
EMED and WMED

• In the first period, sub-basins 
decadal trends behave 
similarly

• In the decades centered 
between 2008 ad 2015, 
WMED trend is almost 
constant, while EMED trend 
slows down

• The EMED trend is the main 
driver of the observed 
variations over the entire 
basin

• C3S indicates that the EMED 
slowdown began during the 
2003-2012 decade

NS-SLA decadal trend
NS-SLA decadal trend
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Sub-basins contribution to the MSL decadal trend 
Adriatic Sea

NS-SLA decadal trend • Over the last decade, in the 
Adriatic Sea the SLA trend has 
changed sign

• The negative values are 
statistically significant almost 
everywhere
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Sub-basins contribution to the MSL decadal trend 
Adriatic Sea

Tide gauges data confirm the observed slowdown and the negative trend during the last decade
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Sub-basins contribution to the MSL decadal trend 
Adriatic Sea

Tide gauges data confirm the observed slowdown and the negative trend during the last decade

Period Adriatic NS-SLA trend 
local de-seasoned

 sea level trend

CMS C3S Trieste Venice

1993-2002 5.3 ± 0.9 5.3 ± 0.9 8.6 ± 2.2 **

2003-2012 4.3 ± 1.4 4.2 ± 1.4 7.3 ± 2.3 16.8 ± 2.4

2013-2022 -1.7 ± 1.0 -1.7 ± 1.0 -5.0 ± 2.8* -2.3 ± 2.5

1993-2022 2.6 ± 0.3 2.6 ± 0.3 3.0 ± 0.5* 7.8 ± 0.8*

Since tide gauge data do not sample the entire 30-year period (1993-2021 for Trieste, 2002-2022 for 

Venice), the trends are computed from a shorter time interval (*) or missing (**). Units are mm/year.



15

MSL equation balance
From Pinardi et al. (2014) the MSL equation for any laterally open region of the ocean is :
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MSL equation balance
From Pinardi et al. (2014) the MSL equation for any laterally open region of the ocean is :

[1, 3] → MEDREA24 ocean reanalysis, daily data at 1/24o resolution

[2]     → ERA5 atmospheric reanalysis, monthly data at 1/4o resolution

[2]     → EFAS_v5 hydrological reanalysis, daily river discharge at 1.5km resolution

[4]     → negligible according to Pinardi et al. (2014)

volume transport 
at the lateral open 

boundaries
[1]

density flux out of 
the domain

[4]

water fluxes by 
surface processes

[2]

steric 
effect [3]
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MSL equation balance
steric compensation
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MSL equation balance
steric compensation

• The steric sea level component does not drive the 
observed SLA trend slowdown during the last 
decade

• In the MED, the halosteric and thermosteric 
components balance each other [Meli et al., 2023]
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MSL equation balance
surface water budget
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MSL equation balance
surface water budget

• E and P increase from the first to the second decades

• During the last decade, E and P slightly decrease, but remain higher than those observed in 1993-2002

• Changes in the surface water budget are driven primarily by increased evaporation
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• Changes in the surface water budget are driven primarily by increased evaporation
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MSL equation balance
lateral transport

• The Gibraltar transport changes are connected to changes in dynamical structures of the North Atlantic 
[Masina et al. 2022] 

• The Calabrian transport should be used with caution since it is not a Strait
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MSL equation balance
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MSL equation balance

• The MSL slowdown are attributed to the combined effects of changes in the water cycle and the 
balancing of thermal and haline steric components

• A key driver is increased evaporation, which is not offset by precipitation, runoff, or transport through 
the Straits
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Concluding remarks

• Sea level observations over the Mediterranean Sea are analysed to compute MSL trend over decadal periods from 
1993 to 2022.

• During the last decade, the WMED shows an increasing positive trend in agreement with the global ocean 
estimates, while the EMED tends towards negative trend values. The smallest trend values are reported in the 
marginal seas, the Aegean and Adriatic Seas.
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Concluding remarks

• Sea level observations over the Mediterranean Sea are analysed to compute MSL trend over decadal periods from 
1993 to 2022

• During the last decade, the WMED shows an increasing positive trend in agreement with the global ocean 
estimates, while the EMED tends towards negative trend values. The smallest trend values are reported in the 
marginal seas, the Aegean and Adriatic Seas

• The MSL slowdown is due to the combined effects of changes in the water budget and the balance between 
thermal expansion and haline contraction. A key driver of the observed slowdown is increased evaporation, which 
is not compensated by precipitation, runoff, or transport through the Straits

• Continued monitoring and deeper insights into regional water balance dynamics are essential for improving 
climate projections and understand the peculiarity of the Mediterranean Sea

• The MSL trend on multidecadal timescales oversimplifies the Mediterranean behaviour

• Climate adaptation strategies for coastal regions must be aware of decadal fluctuations, that may 
significantly strengthen or weaken the long-term trend within the period of interest
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Contacts:
Federica Borile, PhD

Research fellow at UNIBO
e-mail: federica.borile2@unibo.it

Thank you!
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