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Introduction: �
Mercator Ocean, the French ocean forecast service provider, operates a 
hierarchy of analysis and forecasting systems (regional to global scale). 
Recently, the R&D department, dedicated to improve and develop the future 
systems, have been working on the general representation of the vertical 
processes. �
In this work, we have evaluated different closure schemes for the vertical 
mixing parameterisation. In a first time, a 1D approach have been chosen to 
compare 2nd order closures to the TKE closure scheme widely used in the 
NEMO(1) users community. Then, k-ε closure has been compared to TKE in an 
OGCM at the resolution of ¼°. �



1D configuration: �
 

Theory: �
�

Global model: �
 

Conclusion: �

Concept: Just 1 water column is taking into 
account and an atmospheric forcing is applied. 
 
Goal: Study of vertical phenomena 
 
Condition for using 1D: no horizontal gradient, 
weak advection 
 

Academic experiment: 
We have evaluated various closure schemes (k-ω, k-ε, k-kl, generic) with the  
Kato-Philipps(4) academic1D experiment. 
In major cases, the second order closure schemes give better results than 
the TKE solution (not shown in the poster). Thanks to this experiment, we 
have then retained the k-ε scheme for our further investigations (accuracy 
and numerical cost criteria).  

Schematic view  of 
the 1D model 

 

“Real case”: 
We have selected the PAPA station (north-eastern Pacific; 45°N, 145°W) to 
evaluate two closure schemes: TKE closure scheme (used in Mercator 
Ocean prototype) and k-ε scheme. Both experiments have been performed 
over 410 days with ECMWF forcing and initial state from PAPA observations. 
The solution with k-ε scheme compared to TKE one is better, especially 
during summertime, where it exhibits a better stratification.  

Evolution (time/depth) of the temperature at the PAPA station 
 

ORCA025 grid (one 
cell on 144 is plotted) 

Evolution (time/depth) of the difference of the temperature RMSE: 
RMSE_tke minus RMSE_k-eps 

 

Ø Blue TKE 
better 

Ø Red k-eps 
better 

Difference of the temperature RMSE for the 
last year of simulation: RMSE_k-eps minus 

RMSE_tke (blue=GLS better ; red=TKE better) 

Design of the experiment: 
We have performed two 6-years global ¼° 
experiments(5), forced by ERAinterim forcing 
flux, over the period 2000-2005 (compute grid is 
plotted on the right panel):  
§  one performed with the TKE closure scheme 
§  one with the k-ε scheme  

Main results: 
§  The solution with the k-ε scheme exhibits an improvement compared 

to the TKE one. For example, at the surface, the improvement in RMSE 
of SST is noticeable in mid-latitudes areas (blue on the figure bellow). 
This is mainly due to a better representation of the stratification during 
summer time. 

§  This stratification capacity 
of k-ε, compare to TKE 
solution, is also mainly  due 
to the non-added of 5% of 
k(1) (like it is done in TKE). 
Another sensitivity test (not 
shown here) has shown that 
without th is addi t ional  
kinetic energy source the 
stratification with TKE is, in 
this case, to strong. 

§  Both, in 1D and Global experiment, the k-ε closure scheme exhibits very 
encouraging results compare to the standard TKE formulation.  

§  These  good results should be confirmed in deep ocean with longer 
simulations and in deep convection representation. 

§  This k-ε formulation will be evaluated in the future Mercator Ocean 
prototypes (model with data assimilation) 
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In NEMO, to close the system of the primitive equations, an “eddy 
diffusivity” approach is considered with the additional hypothesis of the one-
dimensional process. The closure problem consists of determining a 
turbulent viscosity and diffusivity respectively for dynamic and tracers. 
These values depend on the turbulent kinetic energy “K” and a mixing length 
“l” (Prandtl, 1945). “K” could be determine by an evolution equation and 
several estimations of “l” exist in the literature (TKE(2); GLS(3)). 

Equations to compute the evolution of kinetic energy and mixing length  
 


