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Context Ocean circulation models are used, similarly to atmospheric models, for numerous applica-
tions, like long-term climate simulations, seasonal forecasting, or short-range operational forecast, either
at global or regional scales. Most ocean circulation models are based on the so-called primitive equations,
which make use of the hydrostatic approximation. This approximation neglects the vertical acceleration
and results in a balance between the vertical pressure gradient and the gravity. From a dynamical point
of view, this is justified by the fact that oceanic flows are generally characterized by large differences
between horizontal and vertical scales and by a strong vertical stratification that limits vertical mixing.
From a computational point of view, the hydrostatic approximation decreases the computational burden
by one order of magnitude w.r.t. solving the nonhydrostatic equations.
However continuous improvement in numerical modeling and in computing resources leads to more and
more sophisticated ocean modeling systems, which aim at representing the full ocean physics. In the
context of the French national initiative CROCO (www.croco-ocean.org), a new model is currently
being developed, that will have the capability of resolving very fine scales. This model will thus be able
to solve, at least locally, compressible nonhydrostatic equations and to couple this local solution with a
hydrostatic solution computed on a much larger domain.

Objectives In this context, the objective of this work is to prepare
such coupled simulations by investigating the potential of Perfectly Mat-
ched Layers (PMLs) for these equations. PMLs are so-called “open boun-
dary conditions”, i.e. boundary conditions that should be able to mimic the
behavior of a free open limit, by letting quantities go out of the domain
without spurious reflections. PMLs are particularly efficient in the context
of wave propagation, and have also been tested for systems of first-order
PDEs. During this training period, the objectives will be to :

� make a review of some scientific papers designing PMLs for different
systems of equations

� apply this methodology to compressible nonhydrostatic equations

� perform a theoretical analysis of its performance

� design a numerical case test for validation

� perform and analyze numerical simulations

Prerequisites basic knowledge in numerical analysis, programming skills

References

Auclair, F., L. Bordois, Y. Dossmann, T. Duhaut, A. Paci, C. Ulses and C. Nguyen, 2018 : A non-hydrostatic non-Boussinesq algorithm

for free-surface ocean modelling. Ocean Modelling, 132, 12-29.

Blayo E. and A. Rousseau, 2016 : About interface conditions for coupling hydrostatic and nonhydrostatic Navier-Stokes flows. Discrete

and Continuous Dynamical Systems - Series S, 9, 1565-1574.

Hu F.Q., X.D. Li and D.K. Lin, 2008 : Absorbing boundary conditions for nonlinear Euler and Navier–Stokes equations based on the

perfectly matched layer technique. Journal of Computational Physics, 227, 4398-4424.


