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Figure 1 and Figure 2 show the seasonal means 
and the standard deviation of the SST in the 
Mediterranean basin as obtained from the INGV 
re-analysis and from the model simulation 

 The results indicate that the 
model reproduce realistic 
patterns of Mediterranean     
mean SST, though with a 
cold  bias of about 1.5-2 °C 

Also the patterns of observed 
SST variability (Figure 2) 
appear reasonably well 
reproduced, with the largest 
SST fluctuation located over 
the north-western part of the 
basin.  

The simulated and the observed sea-
surface height in the Mediterranean 
are shown in Figure 3 (the seasonal 
means) and Figure 4 (the variability). 
Also in this case, the model seems to 
capture well the main features of the 
mean and of the basic variability of the 
observed field. 

Figure 5 and Figure 6 show 
the mean precipitation and the 
zonal component of the mean 
surface wind. The high 
resolution of the model allows 
some realistic representation 
of the orographic effects and 
of the small-scale features 
these fields. 

The  basic features of the observed hydrological cycle in the Mediterranean 
basin are substantially captured by the model (Figure 7). In particular, in 
very good agreement with the observations, the simulated basin appears to 
be evaporative, with a E-P-R budget close to the result obtained from 
observational dataset (CMAP and COADS). 

The evaporative nature of the 
basin results in a net inflow 
mass transport at the Gibraltar 
Strait. This feature is well 
reproduced by the model 
(Figure 8) 

HYDROLOGICAL CYCLE IN THE MEDITERRANEAN BASIN 

WATER BUDGET COMPONENTS 

FIGURE 7 

WATER BUDGET 

 Some problem in the simulated 
sea-surface height (SSH) is 
visible in the Levantine basin, 
where the model appears to 
underestimate the Cretan gyre. 

The model results are compared with the observed 
precipitation (CRU), INGV re-analyses of the 
Mediterranean Sea and atmospheric re-analyses ERA-40 

The atmospheric model (ECHAM-5) has a horizontal 
resolution of about 80 Km, the global ocean model 
(OPA8.2) has horizontal resolution of about 2° With an 
equatorial refinement (0.5°) and the Mediterranean Sea 
model (NEMO in the MFS implementation) has horizontal 
resolution of 1/16°. The communication between the 
atmospheric model and the ocean models is performed 
through the OASIS3 coupler, and the exchange of SST, 
surface momentum, heat, and water fluxes occurs 
approximately every 2 hours. The global ocean-
Mediterranean connection occurs through the exchange of 
dynamical and tracer fields via simple input-output 
operations. Horizontal velocities, tracers and sea-level are 
transferred from the global ocean to the Mediterranean 
model through the open boundaries in the Atlantic box. 
Similarly, vertical profiles of temperature, salinity and 
horizontal velocities at Gibraltar Strait are transferred from 
the regional Mediterranean model to the global ocean.  

EXPERIMENTS: 
1. Control simulation: 1951-2000 period; GHG and aerosol prescribed from 

observations; oceanic initial condition from a long spin-up. 
2. Scenario simulation for the 2001-2050 period with GHG and aerosol 

concentration prescribed according to IPCC-SRES A1B emission 
scenario. 

   a new high-resolution model suitable to investigate the regional scales and the role of the Mediterranean Sea in the global climate.  

   the model reproduces the main features of the Euro-Mediterranean climate and exhibits some improvement wrt CMIP3 models. 

  Mediterranean SST increases of about 2°C in the next decades (2041-2070); precipitation increases in North Europe and decreases in the Mediterranean area. Large 
response in the Alpine region (15-20%). 

   hydrologic cycle in the Mediterranean basin substantially affected by global warming: increased evaporation and reduced precipitation. Implications for water mass 
transport at the Gibraltar Strait. 

   change in salinity and temperature induce a steric SLR of about 22 cm wrt 1971-2000 mean  

Evolution of the simulated Mediterranean BASIN 
AVERAGE  SST from 1951 to 2070 (A1B) 

During the 2000-2070 
period (A1B scenario) the 
model produces a warming 
trend of about 0.36 °C/
decade  
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According to the A1B scenario simulation performed with the 
CMCC model, Mediterranean SST increases of about 2°C in 
the next decades (Figure 9). The increase of SST is rather 
uniform over the entire basin, but there are regions where it 
appears to be more pronounced such as north-west 
Mediterranean and north Adriatic (Figure 10, left panels). 

FIGURE 8 

During both season, precipitation (Figure 10, right panels) increases in North 
Europe and decreases in the Mediterranean area. Large response is found in 
the Alpine region where during northern winter precipitation appears to 
increase remarkably (15-20%). These results are consistent with the findings 
obtained with other models (e.g., Giorgi and Lionello, Global and Planetary 
Change, 2008) 
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2-METRE TEMPERATURE STANDARD DEVIATION: 
year-to-year variability in a recent past and in a possible near future (A1B) 
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PRECIPITATION STANDARD DEVIATION: 
year-to-year variability in a recent past and in a possible near future (A1B) 
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Also the interannual variability appears to be affected by climate 
change. Figure 11 and Figure 12 show the projection of the 
interannual variability of 2-metre temperature and precipitation over 
land in terms of standard deviation. The right panels show the 
difference between the projected variability and the variability from the 
reference period. 

Consistent with the observation, during DJF, the largest variability is 
found over north-eastern Europe, whereas in JJA the variability is 
higher over southern Europe. In the scenario simulation, the variability 
appear to weaken over most part of the north and eastern Europe, 
whereas it appears to increase over southern Europe and North 
Africa, especially during northern summer. 

In our model simulations the interannual variability of precipitation 
(Figure 12) appears to be affected by climate change only during the 
DJF season. The results indicate that, in this season, the standard 
deviation of precipitation increases over south-western Europe, with a 
large maximum over the western part of the Alps. 

During northern summer (Figure 12, lower panels), on the other hand, 
the projected change in rainfall interannual variability exhibits weaker 
amplitude and less coherent patterns. 

Climate change appears to have some substantial impacts also on the hydrologic cycle of the Mediterranean Sea. Figure 13 
shows the changes in the water budget seasonal cycle (left panel), in the total water budget (central panel) and in the net water 
mass transport at Gibraltar. In the climate projection, the water budget (E-P-R) in the Mediterranean Sea becomes more and 
more evaporative, with consequences on the salinity of the basin and on the rate of water exchange with the Atlantic Ocean. 

In the climate projection performed with the CMCC model, the 
warming of the Mediterranean Sea is not limited to the surface 
layer. A substantial increase of the temperature of the entire 
water column is found (not shown), leading the basin averaged 
temperature at the end of the 21st Century to be almost 0.4C 
higher than in the reference period (1971-2000). 

The warming of the basin, along with change in the salinity lead 
to changes in the density of the Mediterranean Sea water which, 
in turn, induce changes in the sea-level height (steric effect). 
Figure 14 shows the contribution of the steric effect to the sea-
level rise in the scenario simulation. The blue curve is the steric 
effect due to the change of the water temperature, the black 
curve the steric effect induced by the change in salinity and the 
red curve is the total effect (temperature+salinity). According to 
the climate projection, the sea-level rise due to the steric effect at 
the end of the 21st Century is larger than 20 cm.  
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