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Context : In recent decades, several studies have highlighted the limitations of ocean circulation models in the representation 

of small scales (~ 10 km or less), such as filaments or vortices. These structures have a strong impact on the ecosystem 

because they condition transport barriers and thus the coastal/open-ocean exchanges. Many societal applications rely on the 

understanding and modeling of these exchanges. 

Objectives / scientific questions : The interest of this study is to propose ways to improve the realistic modeling at high-

resolution (lower than the kilometric scale), by studying and quantifying the limitations mentioned above, and by evaluating 

their impact on certain problems. characteristics of the coastal zone studied. 

 

Main results : 

 

Figure 1 : NEMO-NIDOR192 domain. Background: surface 

current snapshot 

 

Figure 2 : Comparison of averaged velocity profiles on the 

vertical in the Hyères bay for 18/02/14. The red profile was  

obtained with the standard parametrization and the black one 

with the adapted parametrization (units : m/s). 

This work is based mainly on the work carried out by A. Declerck (PhD at the MIO. Through the development and validation 

of a very high resolution NEMO configuration (Figure 1) simulating the Var coastal zone and the “iles d’or” islands (figure 1), 

named NIDOR192 (for Nesting Iles D’OR at 1/192°  resolution), with comparison with the historical configuration covering a  

larger domain, GLAZUR64, of kilometer-order horizontal resolution (1/64° resolution). 

a) Evaluation of the contribution of NIDOR192 to the coastal circulation. The focus was on the Bay of Hyères because 

we benefit from 2 types of data for validation. The hull ADCP of Tethys II (INSU ship) which regularly visits the bay all year 

round  and Lagrangian float drift data from the CADOR project the focus of which on the transport of floating waste in the 

bay of Hyères (web page: http://lseet.univ-tln.fr /~ourmieres/CADOR_WEB.html). Figure 3 shows the significant increase in 

the intensity of a northern current (NC) secondary circulation vein in Hyères Bay. This type of structure had until now never 

been highlighted. The hull ADCP confirms the sporadic presence of this vein, according to certain hydrodynamic and 

meteorological conditions. In addition, surface Lagrangian float releases (results not shown here) also confirm the episodic 

presence of this secondary stream. However, one of the results to note is also the strong underestimation of the surface current 

modeled by GLAZUR64 and NIDOR192 in the bay. The comparison with drift velocities of Lagrangian floats in the bay 

shows a drift rate modeled 5 to 10 times lower than that measured. This aspect is particularly interesting since it raises the 

question of the efficiency of energy transfer between the surface wind and the first layers of water, as well as the impact of 

vertical discretization. The hypotheses proposed to better understand this aspect are directed towards the turbulent closure 

scheme and the convective adjustment algorithm used in the NEMO version of the project, the latter probably being too strong 

for a shallow bay dynamics like the one studied. This work is presented in section c). The main finding is that the water 

column is often too strongly mixed artificially (to avoid having too unstable water columns), which prevents the development 



of a vertical shear of horizontal velocity, though present in this area exposed to different wind regimes. The final effect is to 

obtain average speeds that are too low, mainly at the surface. 

 

 

 

 

 

 

Figure 3 : Comparison GLAZUR64 (left) / NIDOR192 

(right) for the surface current simulated the 24/10/2013 (in m/s). The red arrows represent the ADCP current measurement 

done by the Téthys II. (unit : m/s). 

b) Evaluation of the impact of the 2WAY AGRIF coupling on the exterior solution (up-scaling). This aspect is also 

partly explained in Declerck et al. (2016). The main results show a relatively significant increase in NC vein vorticity out of 

the NIDOR192 domain, allowing GLAZUR64 to have a slightly more variable and energy-efficient NC. However, it turns out 

that the constraints on the GLAZUR64 OBCs, notably the "outbound" OBC (Southern open border), force NC's evacuation 

too strongly, thus rapidly losing the contribution of the high-resolution dynamic of NIDOR192 in GLAZUR64.  

c) Assessment of the impact of the TKE parameterization and the convective adjustment. In the real ocean, the marginal 

instabilities of the water column are rapidly rebalanced by vertical motions. In a hydrostatic model, these processes are not 

modeled. In order to have a balance of water masses on the vertical it is therefore necessary to control them. For this, vertical 

turbulent closure schemes sometimes need to be supplemented by additional schemes. In our case, the convection is not 

correctly modeled by the vertical turbulent closure scheme TKE, it is then necessary to add patches to avoid instabilities on 

the vertical. In the NEMO code there are two schemes that have been coded: EVD and NPC. The EVD patch is the most 

robust, because NPC poses a problem of homogeneity between the constraints brought to the dynamic fields and to the mass 

fields. In our reference configuration, the EVD scheme is used. This scheme consists of setting the value of vertical turbulent 

mixing coefficients to a high value (fixed in the namelist) to promote mixing and to have a stable state when N² <0. The 

threshold value corresponds to the flow necessary to mix all the water present in a mesh. We can approximate this value to: 

dz²/dt, where dt is the time-step and dz the thickness of the mesh. In the reference simulation, EVD is used with a Kz value of 

10 m²/s in unstable conditions. It has been verified that this scheme worked well and that it made it possible not to have 

vertical static instabilities either in the Bay of Hyères or offshore in the North Current. If we reduce the threshold value for Kz 

from 10 to 1 m²/s, we observe only a small impact on the average density profile and the vertical stability is preserved. Real 

differences in profiles appear when the coefficient is lowered to 0.1 m²/s, which corresponds more to the evaluation made 

with respect to the step of vertical space and the time step (Figure 2). When one looks at the Kz profiles for the different cases 

tested, one realizes that vertical mixing is very important in the case where the EVD patch is activated, (for tested values of 

10, 1 and 0.1 m² / s), on almost the entire water column in the bay and up to 100m offshore. These “well-mixed” layers 

correspond to the mixing layers in a winter situation. The impact of this diagram on currents is notable. Average surface 

speeds of 0.2 cm/s are observed with the use of the EVD 10 and 1m²/s scheme. With EVD at 0.1 m²/s, the fact of not having 

too much mixing in the first meters allows to gain in velocities amplitude between the surface and the bottom, which is close 

to the few profiles available on the area by ADCP ( thesis C. Dufresne, 2014). These results are explained by a diffusion of 

the surface energy (wind) towards the bottom layers when a strong Kz is applied on both the tracers and the moment. 

Future of the project :the project was continued via a new stage of  numerical downscaling as part of the PREVENT project 

(internal project , University of Toulon) and the European project intereg Marittimo IMPACT. 
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