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Realistic GS simulations at high resolution

Contreras et al. (2022

2 Km resolution
submesoscale-permittin



| ow-resolution GS simulations

65°W 55°W

e i

POP (CESM) 1° (Li et al. 2022)



What's wrong with topographic slope at
low resolution??

= [opography smoothing Is needed In
o models to limit pressure gradient
errors:
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® Deterioration in both o- and z-

coordinate systems, and z-models
have weaker flow-topography
iInteraction (Penduff et al., 2002):

J(Py, h) ~ — fw,

Nasser (2023)



Resolution sensitivity using sigma coordinates

Mean SSH in CROCO
climatological run
(Debreu et al., 2022)




Brinkman Volume Penalization method
(immersed boundary conditions)

Volume penalization 1s an elegant
way to impose Neumann
(blocking) and Dirichlet (drag)
boundary conditions in discretized
PDEs

Free surface
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Smoothed bathymetry

Fig. 1. Smoothed bathymetry profile defining the computational domain (black) and
penalized area, defining small scale details in green.



Penalization method

drag due to
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: mask defining the
penalized region = f(7;)




Numerical Implementation

The principal challenges were:

v Conservation of total energy : ventilation of penalized Hz

v Stability of the drag term (stiff term) : € ~ f(Af)

v Accounting for penalization in the correction of the
barotropic—baroclinic mode splitting (to avoid spurious flow
in the solid region)

In practice, the penalized
simulations run nearly as fast as
the original model simulations




» Code :

» set_depth_porosity :
» Hz, h -> Hzf, hgrid
» hraw -> h_pena_target (get_grid, ana_grid)

> Hz h=2Hz

» set depthipermeability:

> pena._r

» pena_u TN
> pena._v )

Sllttm method )eruti, 1

a = F(u) - —Il(z)u

A splitting method can be used to integrate (12) in two steps,

ou du 1
)= =Fw, @5 =-"1@u

n n+1,*

u"™1 = (1 —pena_u) u



Upwelling test case




Upwelling test case

Oa) Flat (hyin = 205m) b) hmin = 50m C) hpnin =10m




large penalization regions impact resolution but do not
show staircase effects




hymetry and base bathymetry

INnternal tide test case
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True bathymetry and base bathymetry

INnternal tide test case

U (m/s)

a) Reference: Ax = 3km o run

200 ) 200
b) Az = 3km penalization run
U.15
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low-resolution: the
penalized run retains
much of the high-
resolution energy

d) Ar — 6km penalization run
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Resolution sensitivity




Gulf Stream penalization

Resolution sensitivity
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Comparison with in-situ data

Oleander ADCP transect
(1993-2012)

latitude

[ a) Observations

-70




Barotropic Vorticity Budget

of J(P.h V X V X
_Cz(b) V. (FU) A T % ., p
ot o o Po

¢ = (V X U). Zis the barotropic vorticity



GS Barotropic Vorticity Budget

budget integrated between
1 and 30 Sv. contours
(Schoonover et al., 2016)




GS Barotropic Vorticity Budget

e,dﬁ)‘ W 60‘0‘
BPT  BEIA  ADV
c 1/8° 0.93 ST 0.54

o 1/12° 1.83 -2.48 0.29

pena 1/8° 177 -2.65 0.26

pena 1/12° o204 275 0.04 i



NBQ : Test porous breakwater

ACAICA A
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Conclusion

A simple and efficient penalization

method Is implemented in a working
branch of CROCO

v First immersed BCs in a realistic
ocean model

GS results relevant to climate 8 75°W _ 65°W 55
modeling

Many other possible applications

v Subgrid bathymetry, vegetation,
coastal protection, urban
lifele]elale




