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A1B scenario,: Seasonal (DJF, MAM, JJA, SON)  map of temperature (K) climate change 
(difference 2071-2100 minus 1961-1990) from an ensemble of GCMs. 

(adapted from Giorgi and Lionello, 2008). 

temperature change at the end of the 21st century



A1B scenario: Seasonal (DJF, MAM, JJA, SON)  map seasonal precipitation  (%) climate change 
(difference 2071-2100 minus 1961-1990) from an ensemble of GCMs. 

(adapted from Giorgi and Lionello, 2008). 

Precipitation change at the end of 21st century
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Future evolution of climate change

MGME ensemble average change in 
mean precipitation (upper panel) 
and mean surface air temperature 
(lower panel) for the full 
Mediterranean region, the four 
seasons as function oftime. The 
changes are calculated with respect 
to the 1981-2000. Units are % of 
1981-2000 value for precipitation 
and degrees C for temperature 

(from Giorgi and Lionello, 2008). 
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(2081-2100) minus (1961-1980)

MGME ensemble average change in 
mean precipitation (upper panel) 
and mean surface air temperature 
(lower panel) for the full 
Mediterranean region, the four 
seasons and different scenario. The 
changes are calculated between the 
periods 2081-2100 and 1961-1980 
and include only land points. Units 
are % of 1961-1980 value for 
precipitation and degrees C for 
temperature 

Dependence of climate change on 
emission scenario

(from Giorgi and Lionello, 2008). 



The previous slides describes the future of the Mediterranean climate 
as function of time and emission scenario.

This approach somehow disregards regional climate change from 
global climate change and is not optimal for discussing international 
policies  which are needs to be based on global thresholds and targets

How is the regional climate change in the Mediterranean related to 
the global climate change?



Surface temperature

precipitation

Global 30-46NBand Med (30-46N, 7W-37E)

Lionello P., Scarascia L. (2018) The relation between climate change in the Mediterranean region and 

global warming warming (Regional Environmental Change, in publication)



DATA
This analysis is based on 28 CMIP5 simulations (Taylor et al. 2012), all including the historical 
period and RCP8.5 projections, thus covering the period from 1901-2100 in total. The 
analysis also considers two 20th Century Re-Analysis: NOAA ESRL (20CR, Compo et al. 2011, 
covering the period 1871-2008), ECMWF (ERA20C, Poli et al. 2016, covering the period 
1900-2010) 

METHODS  (part I)
for each model simulation data are grouped in 1K wide bins according to the corresponding 
Global Mean Annual Temperature value anomaly 𝑇𝐺𝐿

METHODS (part II)
to estimate the linear dependence of regional temperature and precipitation on Global 
Mean Annual Temperature 𝑇𝐺𝐿

𝑑𝑇𝑚𝑒𝑑

𝑑𝑇𝑔𝑙
,     

𝑑𝑃𝑚𝑒𝑑

𝑑𝑇𝑔𝑙

This estimate is applied 
• to local (grid point) time series to produce maps showing the spatial variation of the rate 

of change 
and 
• to the whole Mediterranean region . 



Trajectory  (grey line) describing the evolution of the climate of the Mediterranean region 
towards warmer and drier conditions as function of global mean temperature change whose 
anomalies are shown by the white labels along the ensemble mean trajectory (red line). 

With global warming , the Mediterranean region will become 
warmer and drier than presently
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Med (30-46N, 7W-37°)

Lionello P., Scarascia L. (2018) The relation between climate change in the Mediterranean region and 

global warming warming (Regional Environmental Change, in publication)



rate of change of   mean seasonal  temperature  with the mean 
global temperature.

DJF MAM

JJA SON

Lionello P., Scarascia L. (2018) The relation between climate change in the Mediterranean region and 

global warming warming (submitted, Regional Environmental Change)



rate of change of total seasonal  precipitation  with the mean 
global temperature.

DJF MAM

JJA SON

Lionello P., Scarascia L. (2018) The relation between climate change in the Mediterranean region and global 

warming (submitted, Regional Environmental Change)



The evolution of mean temperature  in the Mediterranean region will exceed global 
warming (being about 20% larger than the Global  annual mean temperature increase).
The most critical season will be summer where over land areas temperature will 
increase 50% more than the global annual mean

While the intensity of the hydrological cycle will globally increase, precipitation in the 
Mediterranean will decrease  at a rate of 20mm/K (or 5%/k) with global warming. The 
percent reduction of precipitation will be particularly large for the southern 
Mediterranean in all seasons (always larger than 6%)   and for the north Mediterranean 
in summer (larger than 8%).

The capability of climate models to reproduce the observed link of precipitation with 
mean global temperature is not clear, while their temperature consistency with past 
evolution is convincing. 

Conclusions
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Evolution of the mean SWH in the Mediterranean Sea 
from 1950 to 2100
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Intensity of marine storms in the Mediterranean Sea will decrease with global warming

Lionello P. et al. 2016, Climate change impacts of marine storminess along the coast of the Mediterranean sea: ensemble 
multi-model and multi-scenario projections Geophysical Research Abstracts , Vol. 18, EGU2016-11336, 2016



Maximum water level indicator (mean sea level resulting from storm surges plus wave effects plus steric effects) along the 

Mediterranean coast for the case of no net mass addition (panel A) and for three other scenarios of mass addition (panels B to D). 

The colours indicate where the trend is statistically significant, showing the dominance of the climatic change signal (mass addition) 

and how that affects with limited increases the Greek coast, southern Sicily and the north-west Mediterranean coast.

Will the Mediterranean coastline be impacted by Climate Change ?

Change of 
hazard level

From Sánchez-Arcilla, A.et al (2016)



Though the hazard level posed by marine storms along the Mediterranean coastline 
may appear smaller than that in many other areas of the world, the limited tradition 
in coastal defenses in this region may determine comparatively higher risks in the 
presence of a significant climate change signal. 
Results based on ensembles of CMIP5 (RCP4.5 and RCP8.5 emission scenarios) and 
CMIP3 (SRES A1B emission scenario) covering the period 1950-2100 shows a 
remarkable consensus on future decrease of marine storm intensity (lower waves and 
storm surges), which would reduce the hazard intensity
However, this effect is contrasted by the future projected increase of mean sea level, 
which will very likely be the dominant factor. 
Therefore, climate change should be expected to increase future hazards in terms of 
extreme water levels reaching a higher value with respect to the present condition.

Results based on
• Conte D., P. Lionello ,2013, Characteristics of large positive and negative surges in the Mediterranean 

Sea and their attenuation in future climate scenarios , Global and Planetary Change 111:159-173, ISSN 
0921-8181, DOI:10.1016/j.gloplacha.2013.09.006

• P. Lionello; D. Conte; L. Marzo; L. Scarascia, 2016, The contrasting effect of increasing mean sea level 
and decreasing storminess on the maximum water level during storms along the coast of the 
Mediterranean Sea in the Mid 21st Century. Global and Planetary Change, DOI: 
10.1016/j.gloplacha.2016.06.012

• Sánchez-Arcilla, A., Sierra, J. P., Brown, S., Casas-Prat, M., Nicholls, R. J., Lionello, P., and  Conte, D. 
(2016). A review of potential physical impacts on harbours in the Mediterranean Sea under climate
change. Regional Environmental Change, doi:10.1007/s10113-016-0972-9

• …more specific results are part of a paper in preparation


