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1. Mathematical formulation of the problem

- N

ccil_t 4 . ] @ — g-gradé + Ayt + (ARG = f — %gradPa — %grad{pl(T, S)dz',
0 0 i 0 7
—({i —mo_ (/@(Z)UdZ) — m_ay (/@(z)%vdz) = f3,
0 0
dT’ dsS
— + AT = fpr, — + AgS = fg,
o + A iy ” + Ag fs
where
- r?(2)
f=g-gradG, O(z) = B2 r=R—-2 0<z<H.
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Boundary conditions on the surface

( H
(/ @ﬁdz) n + Bomop/ 9H & = mop+/gH ds on OS2,

0

_ 0 0
Ufl )u Va—:—kgg—Aku—Tx )/p 0, U( )’U—l/a—z—kgg—Ak’U—T )/po,
Ak’UJZO, Ak’U:O,

_ oT _
U7(1 )T_VTa_ +yr (T —Ty) = QT+U7(1 )dT,

_ oS _
Ul )S—Vsa— +v5(S — Sa) = Qs + UL ds.
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The model approximation by splitting method

-

General theory of splitting methods: G.I. Marchuk , N.N. Yanenko, A.A.
Samarsky.

Splitting method in data assimilation: Marchuk G.I., Zalesny V.B. (1993), M.
Wengzel, V.B. Zalesny (1996), V.B. Zalesny (2005).

Studies of inverse and assimilation problems for semidiscrete models in tidal
dynamics problem: Agoshkov V.I. (2005-2007).

Studies of class of data assimilation problems for ocean dynamics models
obtained by splitting method: Agoshkov V.I. (2005, 2006).
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Problem 1

Step 1. We consider the system:

T: + (U,Grad)T — Div(ar - Grad T) = fr in D X (tj_1,t;),

T =T;_1fort=1t;_1 in D,

_(_ oT _(_
Un T —vr o +4r(T = Ta) = Qr + Uy dr on I's x (tj1,t;),
oT
< E =0on F’w,c X (tj_l,tj),
_(_ oT _(_
UT(L )T—I- g UT(L )dT + QT on Fw,op X (tj_l,tj),
ONT
oT
E =0 on FH X (tj_l,tj),

| I =T on D X (tj_l,tj).
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Step 2.

p

\

St + (U,Grad)S — Div(as - Grad S) = fs in D x (t;-1,t;),

S=S5j_1att=1t;_1in D,

_ oS _(_
Un S —vs 5~ +78(S — 5a) = Qs + Un 'ds on T's x (tj-1,1;),
oS
m =0 on I'y,c X (tj_l,tj),
_ oS _(_
U,,g )S—|- — = U7(1 )dS ‘|’QS on Fw,op X (tj—17tj)7
ONg
oS
m =0onI'yg X (tj_l,tj),

S; =S on D X (tj_l,tj).
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Step 3.

0 —¢ 1 A
ugt) + ] ut) — g grad¢ = g gradG — —grad (Pa +g/p1(T,

¢ 0 PO
0

in D X (tj_l,tj),

H
& — div (/ @u<1>dz> = f3in QX (tj-1,15),

0
ul) = u;_1, E=§j—1at t =151,

H
(/ @u(l)d2> -n+ Bomop/ gHE = mopr/gHds on 02 X (t;-1,1;),

0]
ulV = uW(t;) in D

0 —f1(4)
fi(a) 0

Q(Q) = ggl) nput =t;_1 in D,
u!? = u(t;) in D,

W@ 4

] g(2) =0in D X (tj_l,tj),

S

.
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Step 3. (continued)

( ulP + (U, Grad)u® — Div(ay - Grad )Ju® + (4;,)2u® = 0in D x (t;_1,1;),

Q(S) = g@) at t =t;_1 in D,

_ AHu(3) o (a)
Oy u® — v, (% — kaz— (Apu®) = =, A4,u® =0 on T's x (tj_1,1;),
z 0z 00
oU (3) 9
< Ui =o, on. Tw (—8Nk Aw(3)> Ty =0, Apu® = 0on Ty e X (tj-1,15),

(o~ oUud)  _ o
o NOo®) . N) + N+ (iAkg(?’)) N =0U"d, Agu® = 0on Twop X (tj_1,¢

ONL
Y.~ oU(3) )
O (O 7u) + e T+ (m/xku“’)) Ty =0, Au® =0 on Tw,op X (t;_1,1;),
Ou3) +(b)
8_]Vu = o on 'y X (tj_l,tj),
where

u® = u® @), 7@ = (7{2) 7o)y
UB) = (u® w® @B v®Y)), T6) = 3)0),

(b)) = (ngb) : ngb)).
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3. SST data assimilation problen

Let us assume, that the unique function which is obtained by observation data
processing is the function T,ps on Q =QUIQ at t € (tj_1,t5), 5 =1,2,...,J. Let by

. We
z=0
permit that the function T, is known only on the part of 2 x (0,¢) and we define a

phisical meaning this function is an approximation to STT data on (2, i.e to T

support of this function as mg. Beyond of this area we suppose function T, is trivial.
Let the function of full flux @ is an additional unknown function ("control") and we

consider the cost-function in the form:

1

_ 1 (0)
Ja = Ja(Q, @) =5 Q/IQ QY 2dQdt + Jo(o),

(@}

t

Jo(¢) =

\

/ mo|T — Tops|2dQdt.

Here a = (), 0,t) is a regularizatlon function( is it possible, that a(A\,0,t) =const> 0)
and it may be a dimensional quantity; Q(?) = Q(9) (), ,t) is a given function.
We can formulate the data assimilation problem : find the solution ¢ of the Problem 1

and function Q, such that, the functional Jo is minimal on the set of the solutions.
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ﬁhe optimality system obtained consist of successive solving the variational assimilation—‘
problem on intervals t € (¢t;-1,t;), 5 =1,2,...,J (Agoshkov V.I., 2006). The method
can be discribed as follows:
STEP 1. We solve system of equations, which arise from minimization of the

functional J, on the set of the solution of the equations.

(T1)t + L1Ty = F1, te(tj—1,tj), (T2)t + LoTy = Fo + BQr, te (tj—1,t5),

T :Tj_l at t=1;1 Tg(tj_l)ZTl(tj).
TQ(tj) =T1,=2T at t—==t;.
(T2*)t + L3T5 = B*mo(T — Tops) in D X (to,t1), (Tl*)t + LT =0in D X (to,t1),
T; =0 fort=tq, Ty =T5(tg) fort =1ty

a(Q—-QON+T5 =0 on Qx (to,t1).

Functions T», Q(t1) are accepted as approximations to functions 7', Q) of the full solution
for the Problem I at ¢ > t1, and T2 (t1) = T'(¢1) is taken as an initial condition to solve

the problem on the interval (¢1,t2).
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- N

STEP 2. Solve problem for S

St + (U,Grad)S — Div(ag - Grad S) = fg in D x (tg,t1)

with corresponding boundary and initial conditions. After that the function S is accepted

as an approximate solution, and the function S(t1) is taken as an initial condition for the
problem for the interval (¢1,t2).

STEP 3. Solve equations of the velocity module.
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Iteration process

-

Given Q%) one solve all subproblems from step 1, adjoint problem for this step and

define new correction Q(k+1)
QY = QW) — 4 (a(Q™ — Q)+ T%) on Q x (to,t1).

Parameters {7} can be calculated at a =~ 40, by the property of dense solvability, as:

tq1
[ (- TObS)Q‘ dQdt
o 1 to Q2 =0
Yk = 5 i
[ J(T5)2] _ dod
tO Q o=0
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4. Special features of data assimilation process

Using the "Direct model” — Gusev A.V., Diansky N.A.

Approximating all subproblems by finite difference methods in o-coordinate
system. (V.B. Zalesny, N.A. Diansky, A.V. Gusev).

Using special formulae for calculation of SST and etc.

Using some fast algorithms for solving data assimilation problems (Agoshkov
V.I., Parmuzin E.I.; Shutyaev V.P.).

|
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5. Numerical experiments

The object of simulation is the Black Sea. We can describe the
parameters of the area studied and its geographical coordinates are:
the grid 286x159x27 (latitude xlongitude xdepth). The grid steps with
respect to x and y are constant and equal 0.05 and 0.04 degrees,
respectively. The time step is equal to At = 5 minutes.

The data of SST, which was obtained from Geophysical Center of
RAS (Lebedev S.A.), were used for the construction of the function
T,,s at certain time steps at some points of Black Sea basin.

The mean flux for January Q(9) was taken from the database of NCEP
(National Centers for Environmental Prediction).

The observation data assimilation module to assimilate T,,, was
included into the thermohydrodynamics model of the Black Sea. The

time period taken in experiments is 5 days (start from January 2008).

|
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SST after 1 day of calculation, 1 January, 2008.
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SST after 5 days of calculation, 1-5 January, 2008.
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(C) Calculation with assimilation



Difference on SST
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Conclusion

The variational data assimilation problem of finding the flux on the sea surface

using the observation of SST was formulated and studied.

Algorithms of the numerical solution of data assimilation problem were
developed and justified. The assimilation block was included into 3D
hydrodynamics model developed in INM RAS.

The numerical experiments show that assimilation of SST have a small influence

to other components of the full solution, i.e. sea level function, velocity etc.

The numerical experiments confirm the theoretical results and advisability of

using the assimilation block in 3D model.

|
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Thank you
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