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2D x-7 tracer’s advection

e In an incompressible fluid.
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In generalized vertical coordinates
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(Generalized vertical coordinates
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e Quasi Eulerian: prescribe h(x,s,t) or T and deduce {2
e Lagrangian: set 2 =0
Oh oh
e ALE: Keep o7 close to o and try to maintain h between minimum

and maximum values, with sufficient regularity



(zeneralized vertical coordinates

In practice, h may become small:

e Use an unconditionnaly stable (implicit) vertical advection scheme:
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e Perform a directional splitting scheme:
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(hq) X (hq) + (‘9q = (0 with an unconditonnaly stable and accurate
S

(i.e. non implicit) vertical advection scheme.

Flux-Form semi-lagrangian scheme advection scheme or (by the RTT), equiva-
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NB: using a (high-order) semi-lagrangian scheme without splitting is not stable




Back to a fixed vertical grid h= Constant

Directional splitting:
* n Oua™
(@) = (", dug

At o
n+1 * *
(9) — (9) 4 agj = 0 (using Lax-Wendroff)

2

Leveque test case, u(x, z,t) = sin(7x)” sin(27z) cos(nt/T)




Back to a fixed vertical grid h= Constant

Graphique log-log de I'erreur pour le cas Leveque

From Lie to Strang directional splitting: ==
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Pas de temps

1 . . . . . ’
LLLLIIIIIIIIIIIIIIIL. b
Frvovviwwsw w~wwxaeeaqd F P
VY bk NN AN s
ek LSS S B /
L O A A EERANNNY Y e s 14
v Yt
Feoid tread F i
v LY |
» v e
J il b \
vk ttea
Fvouy fread F \
vy Pt
v N AAPPF e S
v h AALLA
v Al AAAL P
- s e aad F
I 1 1 L

(t =0) wlt

)
—~
~
|
-
~—
S
|
)
~—



Back to a fixed vertical grid h= Constant

Graphique log-log de I'erreur pour le cas Leveque

From Lie to Strang directional splitting: e —
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Back to a moving vertical grid ...

With a vertical Courant number exceeding 1 (at some points in space and time)
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Back to a moving vertical grid ...
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Graphique log-log pour la résolution de |'advection
Cas leveque en RK3 et remapping
lorsque on dépasse la CFL
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Graphique log-log pour la résolution de I'advection
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(e
A la Sasha ... Q:Qeﬂzi,% <1

(hq)* — (hq)™  Ohugq™  0Qcq"
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Vertical remapping

Graphique log-log pour la résolution de I'advection
Cas leveque en RK3 et remapping de maniere adaptive
lorsque on dépasse la CFL
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Leveque test case

Strang splitting + Adaptive vertical advection allows to recover third

order accuracy



What’s next ?

* Perform more ocean oriented idealized advection test cases (with
appropriate ALE choices)

* Tests in NEMO/CROCO are possible (the Adaptive option is already
available)

* Use estimation of the splitting error (cross-derivatives terms) as an
additional requirement for the design of ALE ?



