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Boundary conditions control in ORCA2

Eugene Kazantsev

INRIA, Moise

Journée thématique
“Que peuvent attendre les modélisateurs de ’assimilation de données ?”
Paris, le 12 février 2013
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Model configuration

ORCA-2 configuration of NEMO

@ 182 x 149 X 31 nodes in curvilinear (z,y) coordinates;

o z levels with partial steps at the bottom,;

o leap-frog scheme with Asselin filter;

e implicit surface pressure gradient with External Gravity Waves filter;
e implicit vertical diffusion with TKE Turbulent Closure Scheme;

o Solar Radiation 4+ Geothermal Heating + BBL + Surface
evaporation/precipitation;

o surface wind stress.
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Space discretization on the C-grid

%% = (SxSyv)Sy@w+f)—-Dxéézigjhgi——Sz(Sme&u)4—DmAZ§+—DyAZw4—
v /O " DuS.p(2,y,Q)dC + De(A2u) + gDu(n + Tod)
or N
5 = —mm&ﬂ—%@%n—mw&m+%(maﬁ+mDﬂ)+
+ D..(A%T) + solar Radiation + Geothermal Heating + BBL
€ = Dyu+Dyv, w=Dyu— Dyv, w=/;§(z,y7<)d<;w(fr,yﬂ)=0

Interpolations and Derivatives
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Space discretization on the C-grid

%7; = (styv) Sy(w+ f) — me - S. (sztzu) + Do Alg + DyAlw +
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+  D..(A%T) + solar Radiation + Geothermal Heating + BBL
& = Dzu+Dyv, w= Dyu— Dzv, wz/Hzf(x,y,()dC;w(x,y,H)zo

Interpolations and Derivatives
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Space discretization on the C-grid
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z
Dzu+ Dyv, w = Dyu— Dgv, w= / &(z,y,Q)d¢w(z,y, H) = ao(z,y)
H

Vertical velocity
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z g
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Adjoint

The models solution depend on initial and boundary conditions :

orT

== — Dy (uSeT)— Dy (vSyT)— D' (wS ™) T)+ Al <DMT+Dny) +Dz2() (AZ)T

e The model z(t) = Mo ¢(x0, o)

We calculate the derivatives and their adjoints with respect to

To, @

by TAPENADE 3.6 (Tropics team, INRIA) that allows us
e to avoid a HUGE development/coding (a double of the classical one, at least)

o to obtain immediately the derivative with respect to any parameter we want.
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TAPENADE 3.6 (Tropics team, INRIA)

with the Memory Usage Optimization:
search for push/pop replace by

CALL PUSHREALSARRAY (sold, nx*ny*nz) call push_uvts(u,v,t,s,ssh) '
CALL PUSHREALSARRAY (told, nx*ny*nz)
CALL PUSHREALSARRAY (vold, nx*ny*nz)
CALL PUSHREALSARRAY (uold, nx*ny*nz)
(
(

CALL PUSHREALSARRAY (ssh, nx*ny)

CALL PUSHREALSARRAY (s, nx*ny*nz)
CALL PUSHREALSARRAY (t, nx*ny*nz)
CALL PUSHREALSARRAY (v, nx*ny*nz)
CALL PUSHREALSARRAY (u, nx*ny*nz)

Procedure push/pop_uvts(u,v,t,s,ssh):
e does not push n — 1 step and pops appropriate values (divides the required
memory by 2)
does not push u,v,t, s in lower level routines
does not push values on continents (divides by 2)
pushes values in Real*4 format (divides by 2)
eventually pushes only odd timesteps and interpolate when poping (divides
by 2)
Total reduction of required memory is up to 25 times.
10 hours window = 10 days window.
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ECMWEF data issued from Jason-1 and Envisat altimetric missions and
ENACT/ENSEMBLES data banque.

January, 1, 20

Diff Obs—Bgr:SLA Diff Obs—Bgr. Var:T zlev 3

Difference between observations and background during the 1st of January.
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Cost function

The model: zn = Mg N (z0, ) with z = (u,v,T, S, ssh)T

Cost function J

J = |z — Tbgrlm-1 + llo — avgrll%_1 +
N
4F Zth'HMO,n(xma) _yn”?:g—l
n=0

Matrices: B~1 = diag(10™%),
R™! = diag(1/oy,1/0v,1/o7,1/05,1/0ss) Where 02 = Nll)bs S (vobs — ubgr)2
Minimization is performed by M1QN3 (JC Gilbert, C.Lemarechal)

Data Assimilation — Forecast

Assimilation window — 10 days (Jan. 1-10, 2006),
Test time — 20 or 30 days (Jan. 1-31, 2006).
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Distance Model-Observation

The model: z(t) = Mo (z0, @) with z = (u,v, T, S, ssh)T

t

Distance: £(t) = Z [[HMo,n(x0, @) — ynll g-1
n=0

Convergence of the Cost function Evolution of the distance Model-Observations
Cost Func. x 103 Distance x 10
380.00 110.00 Original
360.00 105.00
340.00 OptIC 100.00 Gaic
0 pLIC
320.00 ;;»:;‘“'
300.00 OpLBCz s 7 o
280.00 8000
260.00 - 75.00 e
240.00 70.00 7
220.00 65.00 A
200.00 60.00 gl
180.00 o Ve
» 50.00
160.00 4500
140.00 40.00
120.00 35.00
100.00 30.00
80.00 2500
20.00
60.00 5%
40.00 10,00
20.00 5.00
0.00 | T=5 days T=10 days EM I
S i 020 3 e § 5.00 1000 1500 2000 Tme @ay)
20 Cost function calls with 7' = 5 days and 40 calls with 7" = 10 days.
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2006.

Opt.BCz.5SH Jan,01 00hr

90V 75¥ 0¥ 65F 60 G5F SOF 45K AOW 35W 30W 5% 0% 1oW

[ — . [ — - ]
-08 -08 -07 05 -04 083 -02 0 01 02 03 09 -0 -07 -05 -04 03 -02 0 o1 02 03
Optimal IC Optimal BCz
v
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Optimal IC and Optimal BCz

0Opt.BC2.S8H Jan,01 00hr

1308 40 1508 180 (YOE 130 IV 1S0Y 1SOF  140F

— . — | De—
-04 €2 -01 © 02 03 06 of O 08 1 04 02 81 ¢ 02 03 056 08 8T 08 o
Optimal IC Optimal BCz
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BC for the vertical

Wi, 5, K —1
wi,j,k*l

Ws,5,0

wb wb
ay —aj hZi,j,K—l/zfi,j,K—l/z
Wik —hzi 51728 jk—1/2 YVE:1< k< K-—2

w?® m‘q
wig1+ay —ay hz /€512
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Opt BCz: Op= 6 alp_0, top

Opt BCz:

Op=_6 alp_2, top

ag on the surface

Opt BCz: Op= 6 alp_0, bot

oo on the surface

Opt BCz:

Op= 6 alp_2, bot

o on the bottom
Eugene Kazantsev

a9 on the bottom
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North Atlantic, January, 30, 2006, surface

Orig Mdl:Velocity w Z=1 0Opt.BCz:Velocity w Z=1

8 75 7b 65 80 55 50 45 40 3 30 25 20 15
——
=1 ~05-8 ~00-8 ~004 —08 CBotecn fom $1-20-05 £6g3e-08 interval 20-08

Original model Optimal BCz
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North Atlantic, Janua

— z section

Orig.Mdl:Velocity w Lon=—80

Original model

Opt.BCz:Velocity w Lon=-60

~0.0008-0.0006-0.0003 0 0.003,,9,389% 00 AR 3908 % smterval 0.0008

Optimal BCz

Eugene Kazantsev
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North Atlantic, January, 30,

OpLBCz Velocity w =1

Orig.Mdl:Velocity w Lat=35.48

Original model

Opt.BCz:Velocity w Lat=35.48

I |
~0.001~0.0008-0.0008-0.0004-0.0008 e i, ©.95812 0808 20 Rhervat 00003

Optimal BCz
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0pt.BCz:Velocity u Z=28

Velocity u

Opt.BCz:Velocity v 2=28

Velocity v

0pt.BCz:Velocity u Z=29

Velocity u

Opt.BCz:Velocity v 2=29

Velocity v

Opt.BCz:Velocity w 7=28

Velocity w

Opt.BCz:Velocity w Z=29

Velocity w
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for the operator

Eugene Kazan

Ou —  gD=zU’ T v — oDz2U° Ty
a_ - ‘0 PR a_ — “0 7
Oz wo hz1po Oz wo hz1po
_ _ DzzUb
u|botto'm = Vlbottom = X

Opt BCz: Op= 5 alp_0, top Opt BCz: Op= 5 alp_0, bot

[ 4
0 o
AP '
56 45 a0 5
e
=036 -0.3 -026 ~02,=0.16 =01 ~05. .0 ..000_QL 016 02 =008 -008 ~0.03 . 0. 003 QA . 00R 0.1

Surface Bottom
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Opt.BCz:SSH Z=1

I T

North Atlantic, Januar

Orig Mdl:Velocity u Lon=-80 Opt.BCz:Velocity u Lon=—80
v

15 18 2l

0.1 -005

Original model Optimal BCz
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It is not an artefact.

Modification of the SSH in the North Atlantic is strongly related to the boundary
conditions of u and v especially on the bottom.
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Restrained control

Only ap on the Bottom for u and v, only in the Vertical diffusion

9 4= i laced b;
— AZ — s replaced by
0z "0z
(A2
(Dzzu) = é(u:;/qul/Q)
i,5,1/2 hz1hzq /o
1 Ak (
D u) = 7< U2 (u —up ) —
( ) g k=12 hzg_1/5 \ hzy RFily2 = =12
L (A K—1 (A K
Dozu) = ———|————ug_qy/3—
i,5,K—1/2 th71/2 hzp 1 hzp
ulbottom = “5 vlpottom = O(b)

A1
T (u — u Vk :
hep (up_1/2 k—3/2))
<Ai>1<71)u ]
Thege_y )UE8/2

(2)

Control space dimension

Initial conditions: 1707 245
Full vertical boundary: 1 197 792
Only bottom: 33 272

Eugene Kazantsev

Boundary conditions control for ORCA2

page 16 of 19



BCz Bot.U,V:SSH Z=1 JAN,01,00hr

~08 -0.1 -08

Eugene Kazantsev

-05

-04 -03 -02 01 ©0 0.1
Contonr from —1 to 0.4 nterval 0.1

oz

BCz Bot.U,V:SSH Z=1 JAN,11,00hr

03 ~08 -0.7 -08

BCz Bot.U,V:SSH Z=1 JAN,31,00hr

05 -04 -03 -02 01 O 01
Contonr from —1 to 0.4 nterval 0.1

Boundary’col"l’d’ti‘ns corlltrc;l f:or IOﬁCAZ

oz 03
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BCz Bot.U,V:SSH Z=1 JAN,01,00hr

08 -02 -01 0 01 02 04 08 08 07 08

Contours from —0.5 to 1.1 interval 0.1

y
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Que peuvent attendre les modélisateurs de I’

Extending the set of control parameters we can

e find a way to compensate model errors

o showing the most influent parameter and the most important geographical
regions.

Automatic adjoint code generation helps us

e to generate TLM/AM almost immediately,
e to avoid a HUGE development/coding,

o to obtain immediately the derivative with respect to any parameter we want.

v

http://www-ljk.imag.fr/membres/Kazantsev/orca2/index.html

Eugene Kazantsev Boundary conditions control for ORCA2 page 19 of 19



