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Coastal upwelling is a key oceanographic process through which subsurface waters, typically colder 
and richer in nutrients than surface waters, are brought toward the surface (Bakun, 1990), strongly 
influencing  coastal  hydrography,  biogeochemistry  and  marine  ecosystems.  Although  the 
Mediterranean Sea does not  host  large and persistent  upwelling systems comparable to the major 
Eastern Boundary Upwelling Systems, upwelling occurs locally along several Mediterranean coastal  
regions. These events can substantially modify coastal environmental conditions and may therefore 
have important implications for marine ecosystems and socio-economic activities such as fisheries, 
aquaculture and tourism.

Upwelling can be characterized using different indicators based on the physical processes and oceanic 
responses associated with its development. These include, among others, indicators derived from sea 
surface temperature, wind-driven offshore transport, ocean currents or the characteristics of the ocean 
mixed layer  (e.g.  Benazzouz et  al.,  2014;  Jacox et  al.,  2018).  However,  these  indicators  describe 
complementary  aspects  of  the  upwelling  process  and  may  respond  differently  depending  on  the 
regional oceanographic setting. Their ability to characterize Mediterranean coastal upwelling, as well 
as their consistency across observational products and climate models, remains to be systematically 
assessed.

The main objective of this internship will be to identify and evaluate physical indicators of coastal 
upwelling in the Mediterranean Sea and to investigate how this process may evolve under climate 
change.  A  literature  review  will  first  be  conducted  to  identify  a  limited  set  of  complementary 
upwelling indicators representing different physical mechanisms or responses. These indicators will 
then be implemented using reanalysis products to characterize the spatial distribution, seasonality,  
frequency and intensity of present-day Mediterranean coastal upwelling. Where suitable observations 
are available, satellite data will also be used at selected coastal locations to characterize upwelling 
events and evaluate the ability of the different indicators to represent their temporal variability and 
intensity.

In a second step, the selected indicators will be applied to regional climate system model simulations 
from the Med-CORDEX initiative (Ruti et al., 2016). Their ability to reproduce the main spatial and 
temporal characteristics identified for the present climate will be assessed. The most robust indicators  
will subsequently be used to investigate the future evolution of Mediterranean coastal upwelling at 
different  global  warming  levels,  from +1.5°C to  +4°C.  This  analysis  will  allow us  to  determine 
whether changes in coastal upwelling emerge with increasing global warming and, when they do, to 
identify the regions most affected, the direction of these changes and their magnitude.

Skills required:

 Interest in physical oceanography and climate science

 Basic knowledge of Python and scientific data analysis

 Ability to work collaboratively

 Scientific curiosity, autonomy and initiative
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