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Examples of two way nesting applications
OPA Model
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Examples of two way nesting applications
OPA Model

Near-surface Speeds in aﬂHigh-Resolution, Nested Model of the;Agulhas Region
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The grid hierarchy and its time integration
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Time stepping issues: solution of a linear system
Let's suppose we have to solve:

Av = B, Agq = sin(x)

a) ACVC - BC on QH

) { Afo:Bf on wp

ve = Py,
f’vh c

Naive approach
One way Coarse and fine grid errors:

Naive approach



Time stepping issues: solution of a linear system
Let's suppose we have to solve:

Av = B, Aq = sin(x)

| RBf inwy Arve = Bf on wy,
a) ACVC o { Bc in QH\wH ’ b) { Vf"Yh = PVC

Update of the right hand side



Time stepping issues: solution of a linear system

Let's suppose we have to solve:

Av = B,

A. 0 y
0 A < Claen )
Ac—y Af*y v

BC in QH\wH
=< Bf onuwy
B—y in Yh

Multiresolution system
on a composite grid

Aq = sin(x)

Coarse, fine and composite
grid errors



Time stepping issues: split/explicit free surface

Barotropic time steps:

t t+At, t+2At,
Filtering :

t+2At,

U(t + At,) = / 2(¢ — Du(e)de

t

t+2Atc t+2Atc
/t g(€ — 0)de = 1, /t €g(€ — 1)de = t + At

One Way approach: coupling at the baroclinic level



Time stepping issues: split/explicit free surface

How to perform the coupling at the barotropic level 7

t t+At, t+2At
G. O T}
?
t t+ At /2 t+At,
Gy ——F{O—1

t+3At,/2



Time stepping issues: split/explicit free surface

How to perform the coupling at the barotropic level 7

t t+ At t+2A¢,
G. O T
?
t t+At./2 t+Al,
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Exchange between intermediate filtered quantities:
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Update schemes

» Maximize the transfer of information for scales well resolved
on the coarse grid

» Filter out the small scales



Update schemes

R(kAx)
Bl T Average
06 N oSN e Shapiro
' AN S Full Weighfing
04 \'\\ R Copy
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02 - 3
Copy q° = qu
Average q° = % (qu—l + qu + qu+1)
Shapiro qg¢ = % (qu_1 + 2qu + qu+1)
Full Weighting g€ = } (qu72 +2qf, +3q +2qf,, + quH)



Update schemes: Baroclinic Vortex

Coarse Grid Reference Grid

Fine Grid Fine Grid.
Average  Full Weighting
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The conservation problem

» Maintain conservation

» Quantify artificial loss



The conservation problem
Let us consider a one dimensional domain and g, a solution of the
following equation written in conservative form

dq  9g(q)
— + =0 = U
ic if
fn+l/2 _ f, A
c,n+1 c,n At n n 4q;; ! =4 - Tz (gl'rf7 - gl!:—1>
q;. =4q,. — A (gic - gic—l) fonrl _ fondl/2 At n+1/2 n+1/2
Xe i = a8 T8

Coarse grid Fine grid



The conservation problem
Let us consider a one dimensional domain and g, a solution of the
following equation written in conservative form

oqg 0
9. g(q)

ot Ox

=0, glq)=uwq

Composite grid approach:

i 400 +o00
Q"= Axa"+ 3 Axeq]” (# > Axcqf’”>
—o0 if —o00

N P LT

Artificial loss of conservation



The conservation problem
Let us consider a one dimensional domain and g, a solution of the
following equation written in conservative form

dq  0g(q)
_ _|_ = 0, = U
ot ox 4C) 0q
ic if
Flux correction:
,-Cc’n+1’* = q,-cc’"+1 + A [Atc g;f — At (gi':—l + gi:tim)}
Xc



The conservation problem
Let us consider a one dimensional domain and g, a solution of the
following equation written in conservative form

oqg 0
9. g(q)

ot Ox

=0, glq)=uwq

Stability issues: g computed with centered schemes

1
,-CC’"H’* = q,-cc’"+1 + A [Atc gl — Aty (gi’:—l + gi:i/zﬂ
C

92
Atc(éAxcu‘) a—xg)

First order accurate



The conservation problem
Let us consider a one dimensional domain and g, a solution of the
following equation written in conservative form

oqg 0
9. g(q)

ot Ox

=0, gl@g)=uwq

Stability issues: g computed with 3rd order upwind schemes

c,n+1,x

'c,n+1 + 1

n n n+1/2
ic ic AXC |:AtC gic - Atf (gif—l =+ gif—l >:|

83
At, <7%(Axc)zu0 8—)(‘37)
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Sponge layer

» Maintain a strong consistency between high and coarse
resolution solutions in the area where solutions interact (i.e.
near the common interface)

» Prevent waves reflection



Sponge layer

» Maintain a strong consistency between high and coarse
resolution solutions in the area where solutions interact (i.e.
near the common interface)

» Prevent waves reflection

% = .+ (=1)"A)" [uxow(qr — Pqc)]

(1)
= .+ (=1)"HA)" | uxow (I — PR) qr)

filter
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Roms_Agrif: summary

Intergrid

Conservation

Kurihara Flux correction

conservative non conservative

WENO

Overspecification Noise Control

internal values Damping Full field

— integration in Roms_Agrif 2.0



Applications

Test cases similar to Penven et al, 2006, Ocean Modelling

» Baroclinic vortex
» USWC15km-5km



Applications

Baroclinic Vortex

t=0day t =60 days t=100 days
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Fig. 1. Reference solution (V1) for the baroclinic vortex for days 0, 60 and 100. Top: sea surface elevation [cm], the
contour interval is 10 cm. Bottom: sea surface temperature [°C], the contour interval is 0.2 °C. The box represents the
embedded domain, in this case using the same resolution as the parent grid (10 km).
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Applications

Baroclinic Vortex
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Applications

Baroclinic Vortex
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Applications
USWC15-5
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