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Context 

Numerical simulations of geophysical flows at uniformly high resolution is computationally expensive. 
Using nested structured meshes alleviates some of the cost but lacks flexibility. Furthermore fine-scale 
features may pose specific difficulties, especially the bathymetry in ocean models.   
 
Objectives / scientific questions  

We explore the possibilities offered by, and the difficulties raised by, alternative approaches for multi-
resolution modelling, especially penalization as a complement to terrain-following coordinates to deal 
with complex bathymetry, and variable-resolution meshes as an alternative to nested structured 
meshes. 

 
Main results  
The main published result (Debreu, Kevlahan, Marchesiello 2020) is an evaluation of the treatment of 
ocean bathymetry by a penalization technique (see illustration below).  
The capability to compute on variable-resolution unstructured meshes has been developed for the 
atmospheric solver DYNAMICO. Although more work is needed, we have evaluated transport schemes 
on unstructured meshes . In a long-range transport experiment with realistic winds, we find no 
significant loss of quality when comparing to Cartesian mesh schemes of the same family at similar 
resolution (PhD Sakina Takache). 

Although the project has fallen short of actually incorporating physics into the dynamically adaptive 
model WAVETRISK, we have developed such a physics package with an innovative software design that 
frees it from dependencies from its host model(s), currently LMDZ and DYNAMICO, paving the way for 
its use by WAVETRISK. 
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Ocean bathymetry (illustration, left) is decomposed into a smooth, low-pass filtered component that 
can be treated with a standard terrain-following coordinate, and an irregular residual which is treated 
by a penalization technique (Debreu, Kevlahan, Marchesiello 2020). The value of the method is 

evaluated in a standard numerical experiment where the theoretical solution is a flow at rest, but 
numerical solutions present a non-zero ocean velocity (illustration, right). If bathymetry is entirely 
represented via a terrain-following coordinate (blue curve), the spurious velocity reaches about 6 cm/s. 
Values well below 1 cm/s are obtained by introducing penalization (other colors, esp. brown and violet).    

Future of the project 

Beyond MULTI, work is continuing in several directions. At U. McMaster, a PhD has started in autumn 
2021 under the supervision of N. Kevlahan in order to incorporate a simple package of atmospheric 
physics into the adaptive model WAVETRISK. As part of the  ESCALAIR project (LMD/INERIS, ADEME 
funding 2021-2024, PI S. Mailler), we shall integrate the variable resolution mesh and schemes of 
DYNAMICO with the CHIMERE chemistry-transport model. For the ERC Synergy project AWACA, we will 
leverage the variable-resolution capability of DYNAMICO for regional climate modelling of the Antarctic 
region.  

Nombre de publications, de communications et de thèses 

1 thèse soutenue 

• Sakine Takache, Towards Multi-Scale Transport of Sharp Plumes. December 2021. https://tel.archives-

ouvertes.fr/tel-03631013 

1 publication , 3 communications 

• L. Debreu, N.K.-R. Kevlahan, P. Marchesiello, Brinkman volume penalization for bathymetry in three-

dimensional ocean models, Ocean Modelling, Volume 145, 2020 


