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Context    

The context is the representation of turbulence in the surface layer of ocean circulation models. 

 

Objectives / scientific questions  

Improve the representation of turbulence in the surface layer of ocean models. This concerns three aspects: the 

turbulent closure scheme, the ocean/atmosphere coupling, the ocean/wave coupling 

 

Main results (y compris les relevés de conclusions des réunions de coordination si c’est l’objet du financement 

LEFE). 

● Turbulence schemes are very sensitive to the arbitrary threshold on the minimum level of turbulence in 
the deep layers. To a lesser extent and on the surface, sensitivity to optical model assumptions is observed. 

● The ocean-atmosphere coupling is finally more sensitive to the uncertainties of the bulk formulas than the 
retroactive coupling itself (at least in the case of dense winter water formation considered by the project). 

● Deterministic modelling of the interaction of the wave with lower frequency currents is now possible at a 
reasonable cost using a non-hydrostatic method specially adapted to the propagation of the wave. 

 

 

 

 
 
Figure 1: from Kelly (2017). Hovmoller diagram of 
temperature biases between NEMO optical schemes 2 
and 4 bands.  

 

 

 

 

 

 
Figure 2: from Costa et al, 2017. Comparison of the rate 
of dissipation of turbulent energy calculated by the 
ocean model (in colour) and measured by SCAMP in the 
Gulf of Lions (in black). Each diagram corresponds to a 
different numerical option.  

Figure 1: The change in the optical model scheme of NEMO substantially alters the temperature of the water 
column. Indeed, cold surface biases and warm depth biases are observed after each episode of strong winds, i. e. 
during the re-stratification period. These differences imply that the 2-band scheme heats the column more deeply 
than the 4-band scheme. 
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Figure 2: The comparison of the dissipation rate (variable "epsilon" in the K-EPSILON scheme) is very different 
depending on whether one considers the turbulent surface layer (the agreement is generally satisfactory) and the 
deeper layers (where the turbulence level of the model is below the observation). For these deep layers it appears 
that the arbitrary threshold on the minimum turbulence level is crucial. This conclusion is consistent with that 
obtained in Kelly's study (2017). 

 

Future of the project : 

 
1. Clarify the relationship between the threshold on the minimum turbulence level and the breaking of 

internal waves in models that do not explicitly represent the tide.  
2. Improvement of the optical model: role of retroactive physical/biogeochemical coupling on light 

penetration. 
3. Ocean / wave / atmosphere coupling 
4. Potentialities of coupling with a simplified atmospheric boundary layer 
5. Deterministic modelling of the wave current interaction on a realistic case: Sète beach. Comparison with 

CEFREM's in-situ observations 
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