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Sea surface temperature (SST)
REMSS: low spatial resolution, low

missing data rate SST-AMSRE

AVHRR-METOP: high spatial 2okm

resolution, high missing data rate SST-METOP
5km

Chlorophyll concentration (CHL)

MERIS: spatial resolution, high CHL-MERIS
missing data rate 15km
Altimetry
Low spatio-temporalresolution
(1 observation/week) ALTIMETRY
30km
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Formal problem:

Hidden state (complete geophysical map)
— +
Yo =R X+,

Projection operator \

Gaussian noise
observation with missing data ~N(O,R)
Obijective:
recover the full geophysical maps
SST and altimetry

Our solution:
Multi-resolution multi-modal variational
data assimilation
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Data:
Observation sequence Yzi, t € [to tf] of geophysical variable Xt
Dynamical model M(Xt): temporal evolution of Xt

Variational cost function
J(X)=C(X,Y) + C(X)

C(X,Y): observation model
similarity between reconstructed variables and observations

C(X): temporal consistency term
Consistency of variables temporal evolution
Build on top of the dynamical model M(Xt)
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State model: Dynamic model:

X =(6,a4,u,) 0,0+(u, +u(w)))6+ kdiv(6)
g  SST 10,6 +u(e)Oay = ¢,
W, geostrophic vorticity ><t —X +9
o 0 *1
U, ageostrophic velocity )

Variational Problem:

J (9’ wg 1 ua) = EObs(H’ wg) T EDynamic(e’ wg ’ ua) T EDynamic(wg) T EMulti Resol (HHR’QLR)

observation term )
temporal consistency
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Black arrow=Ua+Ug
Magenta=Ug

Convergence structures are better resolved with
the geostrophic and the ageostrophic velocities
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Lyapunov exponents
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Thanks for your attention
Questions & Commentaires
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N

Hidden state sequence : X =(0,a,4,u,)
Temporal evolution driven by the system g SST

fatg+ M(6, wg,ua) =&, M@, wg,ua) — (ua +U(%))D9+Kdiv(|:|9) @, geostrophic vorticity

U, ageostrophic velocity

0, +u(ay)lay, =4,

Xy, = %o +2)
Variational problem

t Ly t
6,00~ [E@, )+ [0~ W8 w0+ [, a0
to Ly o

observation term )
temporal consistency

E6.0,)=0,”[Y* -Rd] + B0 + 0, Y - P

SST observation vorticity observation (altimetry)
retagne
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Similar underlying dynamics
Various geophysical variables follow the same ocean circulation
Same main frontal structures

Examples:
SST observation at various résolution (REMSS and METOP SST)
Solution:
Multi-resolution variational processing with frontal structure contraints
Multi-resolution observation model: Regularity term: impose
reconstructed variables
high resolution to share main frontal
low resolution \ — —— str\uctures
06, OANE
E,(6,6,)=E(6)+E(@8,)+ 6, <—2 L >
(8,6) =E@) +E@)+ [ . J)p{ 6] Tong) J

_ 2
E(f)=0 1HY‘9 - PBHHZ + ,BHD Hﬂz Independant cost
1
0,(X) =1-——— Frontal structure marker (edge detector)
1+ax

— 2
P.(X) =VX"+€  Apsolute value difrentiable approximation
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Regularized SST Regularized SST
BT fronts Prior BT div. Prior
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