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Temperature Anomaly (C)

Climate change: some facts

Global Warming: current status (T °C)

Change in global surface temperature relative to 1951-1980 average temperatures.
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Climate change: some facts

Heat Content distribution

In the last 65 years, about 93% of the excess ~ 2"°] owen
heat accumulated in the climate system - due z: B
to greenhouse gas emissions - has been 200 —
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Antarctica mass (Gt)

Climate change: some facts
Global Warming effects: land ice melting
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Climate change: some facts

Global sea level since 1880: tide gauge measures
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Climate change: some facts
Global sea level since 1993: satellite observations

Global mean sea level (cm)

10 : -
— AVISO/CNES: trend = 3.31 mm yr”’
— CSIRO: trend = 3.36 mm yr”'
University of Colorado: trend = 3.40 mm yr~'
8t SL_cci/ESA: trend = 3.28 mm yr”'
— NASA/GSFC: trend = 3.44 mm yr”'
NOAA: trend = 3.37 mm yr”'
— Averaged GMSL : trend = 3.35 mm yr”'
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Change in sea level since 1993 as observed by satellites.
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Climate change: some facts
The spatial distribution as observed by altimeters

Regional sea-level trends from
satellite altimetry for the period:
October 1992 to July 2009

Spatial differences are due to

the steric effect
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Causes for SLR at global, regional and
local scale

* Melting Greenland and Antarctica
« Melting Glaciers and ice caps

« Ocean Thermal expansion

* Ocean Circulation

 Postglacial rebound, self-attraction and
loading

* Land Hydrology

» Tides, Storm surge, Subsidence
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Regional Sea Level Change

Regional sea level changes can
deviate substantially from those of the
global mean, can vary on a broad
range of fimescales, and in some
regions can even lead to a reversal of
long-term global mean sea leve
trends. The underlying causes are
associated with dynamic variations in
the ocean circulation as part of
climate modes of variability and with
an isostatic adjustment of Earth's crust
to past and ongoing changes in polar
ice masses and continental water
storage. Relative to the coastline, sea
level is also affected by processes such
as earthquakes and anthropogenically

induced subsidence.

Ocean-atmosphere
interaction

<

Wind stress

Ice melting

>
Pt

Energy fluxes

&

1

<+—— Density changes —»

}

Ocean circulation

Vertical land
motion

Absolute
sea level

Terrestrial water
storage

Subsidence

el

= Vertical land
motion

Y

Center of mass

Glacial

Interglacial




European Seas, Mediterranean and
Black Sea

Trend in absolute sea level
across Europe based on
satellite measurements,
1993-2015
mm/year
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CMIP5 and the Mediterranean and Black Lakes!

The total population of the Mediterranean countries grew from 276 million in 1970 to 412 million in 2000 (a 1,35
% increase per year) and to 466 million in 2010. The population is predicted to reach 529 million by 2025 (176
milion along the Mediterranean coasts).

Seasonal means
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*Coupled Model Intercomparison Project



What about the future?

Projected change in relative sea level in
2081-2100 compared to 1986-2005 for
the scenario RCP4.5 based on an
ensemble of CMIP5 climate models.
Projections consider land movement
due to glacial isostatic adjustment but
not land subsidence due to human
activities and tectonics.

No projections are available for the
Black Seal!




0

First Black Sea-Mediterranean model with a realistic connection

New modelling efforts are already on the way.
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Ocean contribution to the Mediterranean sea level change

Model forced by: Euro-CORDEX run - MOHC-HadGEM2-ES*-SMHI-historical
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Mediterranean sea level (present climate 1970-2005)

*Coupled Model Intercomparison Project - https://cmip.linl.gov/cmip5/



Ocean contribution to the Mediterranean sea level change

Model forced by: Euro-CORDEX run - MOHC-HadGEM2-ES*-SMHI-rcp85
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*Coupled Model Intercomparison Project - https://cmip.linl.gov/cmip5/



Ocean contribution to the Mediterranean sea level change

Model forced by: Euro-CORDEX run - MOHC-HadGEM2-ES*-SMHI-rcp85
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Ocean contribution to the Mediterranean sea level change

Model forced by: Euro-CORDEX run - MOHC-HadGEM2-ES*-SMHI-rcp85
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Ocean contribution to the Mediterranean sea level change:
The steric component

Model forced by: Euro-CORDEX run - MOHC-HadGEM2-ES*-SMHI-rcp85
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Concluding remarks

Regional ocean models, solving the Strait dynamics (Gibraltar, Bosphorus,
Dardanelles) and including the local tidal forcing, can give reliable result of SLR
also for those regions for which the result is currently unavailable.

Relying upon a long modelling experience, we performed the very first climatic
simulations (historical and scenario) for the connected system Mediterranean -
Black Sea

Preliminary results show that the trend inside the Mediterranean can differ from
the global one.

More investigation and more simulations will be performed to assess the
robustness of the results.
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