Juobogbobotgubtgdn

gooo
gobobobogooboooogo

1 0O0od

000000000 (Kalman filter, 00 KF) OO OOOOOOOOOO [0O, 1997, O
0,197/ 0000000000000000000OO0000OOO0O00OOO0OOOO0O
gooboooobbto Kroooobobobooobboooobb KrOoooooo
dddodgooooooooboobobbbbboboobbbbdoubooboobn
ddddooooooobbobbobobobobbobbobbobooooooooooobon
gogodoobobooobbbtooooooooobobbbuoooooao

Oo0o0o0ooooooobbooooboboo Kroooboooobbooooboo
0000000000000 00000000000000 Fukumori et al. (1993, 1995ab]
goboogoobooobbooobboobboooobboobbuoo KrOoooo
ggodoobobbbbooooooooobooooon

O0000000000000000000 Reduced gravity model 0 00O [0 0O, 1997]
gdoooooooobbbbob oot RKrooboboooooooooobo
gdd

2 ODOoOooboooo

gbobboogobbbuooobbbbuoooobboooobobboooobobo



00 (matrix)

mxnUOOO AQ

ai; a2 Qa3 T Ain
Q21 Q22 Q23 T Q2n
A = aszy Qass (1)
: : Am—1n
m1 Am2  * Omp-1 Amn,

gbbiOm=2,n=30000

A1 Q22 A23

A <a11 a2 a13> @)

gooo

goooobogd

O000000000000000000 (inverse matrix) 0 000 O (transpose matrix)
0000000000 (000000) 000000 0AD0OD0OOO (square matrix) 00O

0o0oo
AX = XA =1 (3)

0000000 XOOOOOOOO0O0O0O0O0 A'0000I00000 (identity matrix)
gooo
0000000000000000000 (20ooooo

aixp asy
AT = aiz2 a2 (4)

a13 a3

gooo

gooooognd

gobobobuod nU0 xU0O yUddooooooon

X1 U
T2 Yo



00 (inner product) O
x'y = @y ways -+ T (6)

00000000 (scalar) 0O OO00O0OO (outer product) O

T1Y1 1Yz 0 T1Ym
TalYyr T2lYa2 - T2Ym

xyT - : : .. : (7)
xmyl xmy2 e xmym

O000000000000000000 (correlation) 00000000 (covariance) O O
gbooobog
gbobobooogbbobooog boggobobo obbbod

3 Filtering 1 0O [

O00000000000000 (filter) 0000000000 O0DOO0OOOOOOOFig 1
000000000000 filteringD OO0O0ODO [Gelb 1974]0

O000000000000000000000000000 (a) 0 filteringd 0000
0000000000000 (b)O smoothingd () D0 OD0OODODODO0OOODOOOOOO
000 (¢)0 prediction 0 00 0000000000000 0O0 (KM OODODODOOOOO

00000000000 (optimal estimation) 000 0000000000000 O00O0O

4 Ogoogg

0000 (identical twin experiment) 0 00000 00O (pseudmeasurement) 0 0 0 O
gdddodoooooobobbobbbbbbbbobobooobooooooobn
goo0booooobooKrooooobobooooobboooobobooooooo
godd

Joddoooobobooboobbboboboboboboobooooobobgoooooobon
gdddgoooooobtotoddduddduooooooooooo oo
00000000000000 (199700000000 TOPEX/POSEIDON (T/P)0 O



O0000000000000000000000000000000000 (unbiased) O
O00000000000000000000000000 (anomaly) 00000000
gbodgobuogobbooobbogobobobboobbooobooboboogoboo
gbboobodobboodboobbboobbuoobbouoobbbuoobobooobn
gbooboooon

0000000000000 000000000O0O000OooDOOO0 T/POOOOOODO
00000 ailiasing (~100 0 )0 steric effect (~10)000000000000000O0O0
gboboggbooouboobogobbuogbobooobbooobbuooboboogbo
gbbbooodbbbuooobboooobbbuooobboooobobn

000 (19970 0001500000000000000000000000000O0O
gooboobob simulated 0000000 DOO0OOODOODOOOOODOOODOOO
gbbuodgoboodgbuoobdobboobobboobbooobboobboogbo
gboboboogobobbodgo

o UUboubouboung

00000000 +¢+000000000000 (optimal estimation) x,(+) 00000

gbbobouooobb«+10000000
Xt+1(—) = AXt(+)+GWt (8)

0000000000 ADOOODODOO (state transition vector)0 G O 0 0 00O (forcing
matrix) 000000 (-)000000000000000(+) 000000 (0000)
gogodouooooobbbmuooouooo
00000000000000000000000000O00000000O00@®)-
oo oononobon
ggodoooooobbbooooogoo
guodooobooobbbotooooooouoooooon

mi+ct+kr = mw(t) 9)

v o= i (10)



00000000000 (Euerstep) 0000000000 OOOO
xt—i—l(_) 1 At .Tt(+) 0

= 11

(Ut+1(—) ) < S s v (+) Tla )" (1)

0000 Reduced gravity model [0 00, 1997/0000 Table 10000000000

gooo

gooodbgn Fig 20000000000DOOLOODODODODOODOOODOODOO
O00ooooboboooooooobogobOobovershoot OO OOOOOOOOOO
gbbuodgbbooobboobbuooobooobooboobboobboboobo
gbobogbbooougoboogboboobbbooboobbuoobboogboon
gbboobobbbuooobbboooobbboooobbboo
gbobobdbogoobogbobooboooobuogooboobobooooan
gboboboooobbobuoooobboboooon

6 LOUOooogng
000000 +0000000000

Py(+) = <Pt(+)Pt(+)T> (12)

00000000 (expected value) DO O0O0O0000O0O00O0O (ergotic) 0000000
gbbuodgbbooobbobbuooobooobboooboobbuoobboobo
gbodbodgoboooboobuogbooboobooboobuoobuoobooobobon
O000000000000000000 x000o0O0O0O0o0oooooo (®oooo

)A(H_l = A)A(t + GWt + I‘qt (13)

gogbobobodb r'q,Uoooboobobbobobobouoooooooooon

gbooobog
X = X+p (14)
O00000pO00O0D0O0O0MmM@®OO (13) 0000 (1400000

Piri(—) = Ap,(+)—Tq, (15)



gbooobog

Pii(—) = <pt+1(_)Pt+1(_)T>
= ((Ap;(+) —Tq,)(Ap,(+) - Tq,)")

= AP,(+)AT +TQ,I” (16)

000000000 p(+)00000000000000 qqUO0O00OD0O0O0O00O00
goobooo

Q = (ad") (17)

gbbuodgoboodobbooobbooodgbooobbooobbuoobboobo
gbobobooooobbbuooobbobbooogooo

T goooboouoooood
goooooboon

gooooooooon
z = Hx+r (18)

0000000000000 HOOODOO (observation matrix), r 0000000000
gogogoggg «oboboobbobbboobbbbobbbobbbbbbobbbbobo

00(18)000000000

%M::(10)<%m>+r (19)

Vtrue

gbbbboooobbbuoooobbbdoooobbodgo

x(-) = %+p(-) (20)

) = () () 1)

gboobooood



gooo
000000000 x(+)0000 (00o0)0000 x(—)0000z0000000O
gbooboobobbobbob. Ky, Ko OOOoO

x(+) = Kijz+ Kox(—) (22)
O0000o0Ooooo@E)oood
x(+) = x+p(+) (23)

gogbooboobobobboboobobooobobobboboobobon
0000000000000 000000000DO0000(000)OO0D0DODO0O

oooooo
ry = 0 (24)
(p(=)) = 0 (25)
(p(+)) = 0 (26)
(rp(=)") = 0 (27)
(22)0 (23)00

Kiz + Kox(—) = Xx+p(+) (28)

(18), (20000000
(K2 + KiH — I)x + Kop(—) + Kir = p(+) (29)

gbbobooodgboo

(Ky + K H — I)(X) + Ky (p(—)) + K (r)

= (p(+)) (30)
(x) 0 000000000000000 0000

K, = I-K\H (31)



(22)00000

x(+) = I-KH)x(—-)+ Kz (32)
— x(-) +Ki(z - Hx(-)) (33)
O0000000Oz— Hx O innovation vector O O O O

KOl Ky Oogoooooogooooobto Kygoooooboobooooboo
gbobooogobodd

P(+) = (p(+)p(+)") (34)
(29), (3)0D000O000DO00O
P(+)=(1-KHP(-)I-KHT +KRK" (35)

000 R=(r")000000000000000000000 P(+)000000 K,
000000000000000000000 (cost function) J 0000000000
0oo

J = (p(+)p(+)") (36)

= trace{P(+)} (37)

00000o0o0O000ooooo0o0oUoD P(+)0OO0O0O0DO0OOODOOO0K, 0000
gbobbooogn

oJ
0K,

=0 (38)

(38)0 (37)oOooOO a%{trace(ABAT)} —2AB 00000

—2(I-K,HP(-)H" +2KR = 0
K,(HP(-)H" +R) = P(—)H” (39)

K, = P(-)H'(HP(-)H' +R)! (40)

0000000000000 Ky, (OO K)ODoooooOO (Kalman gain) 0000



000000000000 3)000o0o

P(+) = I-KH)P(-)-P(-)H'K" + K{HP(-)H" + R}K" (41)
(39)00000

P(+) = (I-KH)P(-) (42)

= P(-)-KHP(-) (43)

O0000000000000000 KHP(—-)OOOOooOOooooooooooooooo
0000000000 KOOODODODOOoooooo4o)o 43)00000

P(+)=P(-) - P(-)H"(HP(-)H” + R) 'HP(-) (44)
DO00ooo P(—) "H Y HP(-)H' +R)00O00
P(+)P(-)"'H '(HP(-)H" +R) = H '(HP(-)H" + R) — P(—)H"  (45)
00000000000000 P(4+)"'00000

P(+)"'"H'R = H" +P(-)"'H 'R (46)

P(+)™"' = HR'H+P(—-)! (47)
D000D000 (40)000000000000
K = P(H)P(+)'P(—)H'(HP(—-)H" + R)™!
= P(HH'R'H+P(-) HP(-)H'(HP(-)H" +R)™* (48)
D0000D000000DO0 B/ 00000
K = P(+H'I1+R'HP(-)'H")(HP(-)H" +R)™* (49)
= P(+HH'R™! (50)
(50)0 (40)0000000000D0000000000000

00000000000 (8),(33), (40) or (50)0 000000000000 (16), (40),
(43)000000000000000000000000



0000003000000 (40), (43)0 (16)000000000010000000
00000000

P, 1 (—) = A{P,-) — P,(—)HT(HP,(—)H" + R)"'HP,(-)}A" + TQI'" (51)

00000000000 (Riccatti difference equation, RDE) DD 00000000000

gbbbooodgbbbuoodoobboooobbbuoooobboo

8 Louoon

000000000000000000000000000000000000000
0000000000000000000000000000 Fuetal [1993)00000
0000000000000000000000000000000

00000000000000(000000)000000(18)00 (14)000000
Hx(14) 00

Hx = Hx+Hp,,, (52)

00 puyd 000000000 0OOOOODODOO0OOOO0OOO0OODOO0OOOO0O0

O000(@O000o0o0o00o0ooO0o0ooo0o0oD)0D00oooOo0oooooooo™

(Hx(Hx)") = (Hx(Hx)")+ HP,;,,H" (53)
(zz") = (Hx(HX)")+R (54)

(18)—(52) 0 00
z—Hx = r—Hp,, (55)

gbobobooogobooo

(z—Hx)(z—Hx)") = ((r—Hp,)(r—Hp,,)")

= R+ HP,;,,H" (56)
(53), (54), 000 (56) 0000000000000 O0O0ODDOOOOODODOO

R = {((z-Hx)(z - Hx)") — (Hx(Hx)") + (z2")}/2 (57)

10



HP,,,H' = {{(z—- Hx)(z - Hx)") + (Hx(Hx)") — (zz")}/2 (58)

(Hx(Hx)") = {—((z - Hx)(z — Hx)") + (Hx(Hx)") + (zz")} /2 (59)

gobooobooooboobooooobooboobooooboobooobooooboooboog
00 (D0o00)000ooOo0ooOo0ooOo0oOoOO0o0ooOOoooooOoDOo

000000000000 0000000000 (0000, missing physics, model’s
representation error) 00 00 0000000000000 000O0OO0OOOOO[Cohn,
1997]

Oo000boo0o xboo0oooooooboooobooooobooboooooboobooooon
oboobobooboobobodobooboobooobooooobobooooboboo
O0o0obo00 sO0oboo0ooobbobo0bob sObbo00 xO0oOoO xoOooooo
goboobooboon

guoooobboobbb eddggg
z = Es+e (60)
O0 EO0ODODODODODDODODOOOOOOOOODOOOOOOOODO (0)DOoDoDoOoOO
z = Hx+{Es—H(Ils)} + € (61)

goboubotob nmoogbooboubooboobobbooboobboobdlrs =
xO0O00O0

(61)0 0000000000000 missing physics 00000000000 O00O0OOO
000 0O0Reduced gravity model D DO 0000000000 0OOOOO0OOOODOOO

(180000000
r = {Es—HIIs} +e (62)

D0000000000000000 missing physies 000000000000000

000 (57),(58)0000 RGmodelD T/POOO00OO0O0O00O0O0O00O0O0000 [0
00,1997]0 00000000000 3.052em?, 7.242ecm? 0000000000000
0000000 T/PO0O0OOOOOOOO 2~3em0000000000000000
0000000

11



9 OOUgo

000000 (state transition matrix)d O O O O (forcing matrix)0d O O O O (observa-
tionmatrix) 00 0000000000000 0000000O0OD0O0OO0O0O0OO0 (system
matrix) 000 00000000000000000000000000O00000O0OO
gggdogdgobbbbbiobiooooooooboob bbb obn
gdodooooobooooobbooobouobbuddudduduoooooo b o
gogooobobbbbogoooad

Fukumori et ol. (1993|000 0000000000000000O00OOO0OOOOOOO
gogodoobobobbuoooooooouooboobb b ooooooo

godddoogobobooboobbbobobbbbboboboboobbugooooobn
000 ®oood

Xt+1 = AXt (63)

ooboooobooobooboooboobooboA=AIO0O00OO0OODOODOOODOO

ooodi, bob0oboboobooooooboobooooonoo

a = Ai (64)
guouooodgo
ay 1
R N 0 (65)
o 0

gbbuodgoboodobbooboobobboodobbuoobbboobboogbo
goobobobooooobobooob0 Aobobooooboobobooboooo
ooooboOobOoooooooobobobobooboo Aoogooono
goobbbbbooduooobbbbobodooobuoooobobbbboooooan
ggoogooobobbobobobbbuododg1l1bbb ocddgoooooobbboo
gbobogbbooobogbboogboobbuooobooobbuooboboogboon
goboobooboomcecrLogboboomooobobbooD Aoogoooooo

gbboboogobbobuoooobbboooon
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oooooooooboooboo AbDoobo mOO0OOODOOO a, O
a, ~ F(X+i,)—FX (66)

ggoobobbob xubbuddooooooobbobobboooogooobbbbon
gooob Foboobooboobboobbuoobuoobuooboobbooboo
gbogbobooboboobooboond
Ooboo0oob0oob0o G, HOOOODOoobOoOobooooboooboooobooo
gbobooboboooon
gbogdbbouogbbooboboooboogbooobbooobboobboon
gbobobooooooobooo

10 O0O0O0O0O

0000000000000 000000000000000000 Py(—) (O Py(+))
0000000000000 000000000 (Fig. 3) 000000 P(—)0O0O0OOO
000000000000000000000000000000000 [Gelb, 1974]0

000 Anderson and Moore [1979]0 RDEO OO OOOO0O0O0O0O0OOO (doubling
algorithm, 000 )0000000000000000000t000000000 Py(-)
00000000 2000000 Py(—)OODDOOODOOOOOOO

d, = AT
v, = H'R'H (67)
e, = rqQr’
DOooooo0Q
P, = DI+ 9,0, P,
U, = ¥ +&,(01+90,)"'v,e" (68)
O = 6,+8/0,(1+ 9,0, 'd,
0oooon

@t-i-l ~ @t (69)
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0000000000000000000
Pyu(-) = 6y (70)

O00MO0000000000M@MO000controlability 0 observability 0 0 0 0 0 0
00000000000
DOOO0RG+T/POOO0OO[ODOO,1997000000050 (10dayx2° ~ 310 day)
000000000000000000000RDENONOO 3100000000000
00000000
0000000000000 P(-)0 (44)000 updated 0 P(+) 0000000(50)
000000000000000000000000000

11 O0O4Ung

00000000 (reduced state approximation) 00 0000000000 KFOOO
gbooooonoooooiododououobonononoooooooooogn
0000000000000 000000000ooDooooo00O0oO0 (Hooooo
0o

000000000000000000000 (DODO0O0D000ODO0O0OoOoooOOon)
xX 00000oOoooooooooo

x; ~ Bx,+X (71)

goboobobobooboobo BOOOOoooboboooooboboooooooboooboo
gbbod xugbbooobuogbbobbooubobobooboooboobooon

0000000000000000000
P, ~ BPB” (72)
000000000000000000 (40)0

K,

Q

BP,(-)B"H; (H,BP;(-)B"H} +R,)™ (73)

Q

BP;(—)H;" (H;P;(—)H;" + R)™ (74)
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0000000000000 (s0)00

K; ~ BP,(+)B"H/R;! (75)

~ BP,(+)H/R;* (76)

0000000000000 000H =HBOOOO

000000000000000000 PPOODA'=B*AB,G'=B*GU00O0O00O0O
OO0OOORDEOQOOO doubling algorithm 000 O0O0O0O0O0D0OO0OOOOODOOOB"
U

BB = I (77)

01000000000000000 (pseudo inverse matrix) 000 0B OODO0OOOOO
gooooogod

000000 (r)000000000000000000000O0O0ODOoD0oooOoDOOO
0000000000000 000000000000X00000000000000
goooooooood

000000000 Fukumori [1995]0 7.5° x 3° O coarse grid (000000 2° x 1°)
00000000 [1997]0 1° x 1° 0 coarse grid (000000 1/6°x1/6°) 00000
0 (Fig. 0000000000000 000O0OOO0OOOOOODOOOOOODOOO
000000000000 oooooboobonbD EOFO0DbOooooooooo
goooobodoooooodoooooooooooooooo

gobooooobuooobooooouooooonoooonoooooogg
goooooooooooooooooood

000000 BOOOOOooooooooooooooooooooooooooo
oo oooooooonoooon
0000 B*O0O0O0O0OO0OO0O0O0000 (SSLII, IMSL, Numerical Recipe0 0 )0 00O
00000000000000000000 (Svb)Ooooooooooo

Jddddddddddddodoogooooboooooboboo RKFOOOO©
goodoodoooooouoooooooooon

15



obobooboboobooboo RKrooboboobobooboboboooobg
gboboggboogbbooobbogoboobboboobboobboogoo
gbob Kroooobobooooobuooboboobooobobobuoobobooo

gbobbobooodgbbbooodgbbboo

12 OO0Ooogoogo

000000000000000000000000000000000000000
00007000000000000000000000000000(18)000000
0000 (0O00000)0000000 (20),(23)00000000000000000
0000 (56)0000

((z—Hx(-))(z - Hx(-))") = ((r—Hp(-))(r—Hp(-))")

= R+HP(—-)H" (78)

gbobbooodobbbodao

gboboboogogn

((z - Hx(+))(z— Hx(+))") = ((r—Hp(+))r —Hp(+))")

= R~ (rp(+)")H" — H(p(+)r") + HP(+)H" (79)
(20), (23)0 (33)000000000
p(+) = p(-)+K(—Hp(-)) (80)
ooooo

(rp(+)") = (rp(—)") + RK" — (rp(—)"YH'K"
= RK” (81)
(p(+)r") = (p(—)r") + KR — KH(p(—)r")

= KR (82)

16



0000000000 p(—) 00000 r000000000DOODOOOOOOOOOO
(7900000G)0000on

((z— Hx(+))(z — Hx(+))T) = R—-RR'HP(+)H” - HP(+)H'R 'R + HP(+)H”

— R-HP(+)H” (83)

0000000000000000000000000000000000000 (27)0
00000000000000000000

0000 (comsistency check) 000000000 (78), (83)0 0000000000
000000000000(0D0)0000000000 (00)00000000000
000000000000000000000000000000000R, QOO0

(calibration) 00000000

13 U0

19930 80 1000000 DOOODO(00D)D0OD0D0DODOO0ODODODOOOOO Fig. 5
000000000000000000 (Fig. 2)0000000000000O0O0OOOO
000000, 00000000000000000000DO00DO0bO0OOoOoooOooOd
OO00D0DbO00O0oOooog

O00000OFig. 600000 CTD (conductivity-temperature-depth profiling system)
00 XBT (expendable bathythermograph) D 0O OO0 100, 200m 000000000
gbooobooolioombObO0OO0DO0O0o0oOobDO20mO00000OoOoOoOoOn 38.5°% 0
0134° 000000 AD0OD000OD00O00ODO0AOD0OO00O0O00ODOODO0OD0O0O0 Fig. 6
00000000 BOFig. 5(b)0 BPO0O0O0OODOOODOOOOOOOOOOOOOOO
00b0000bO000O0bOo0oO0OobOU0ooO0obOO0ooDO0bOObOO0OoDOOoOoDOoDbDbDO
O0000000o00o0o0d0oooooo00ooo0oooooooooOogooooog

O0000000000000000 TOPEX/POSEIDONDOODOOOOODODOOOOO
O (Fig. 7b) 0000000 (Fig. 7a)D000000O0O0O0O0O0DODOOOODOOOOOO
00000OOo0oboOooooooooo2uos0b0ooonOOoobOOoOoDOonoDO

O0O000O00ob0o0ob0o0ob0obDb0obDDbOD Fig. 8bODOO000obDOoobooonDOg
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gbbuodgbbuooobobobuoobbbooobboobboobbuoooboogbn
gbobogbuogobooogbbobbuogbbuoogbooobbooboboogbon
gbobogbboogbooougoobboogbooobboobbuoogboogoboon
gbobobouooooboo

000000000000000000 5~20em? 0000000000O000OO0O
gbbuodgbbuooobooobbouoobbuoobbooobooobooboboobo
0000000000000000000O000000ODOO0OO0O000 (D00000
O00000)0000000000000000 (00, 1977; Yoon, 199110000000
gbobbooodobbbooodgbbboo

gboobodbbodgobogobbogbbooobbuoobbboogbbuooobon
gbobogbbooobooobbouoboobbooobboobbuoogboogoboon
gbbuodgbboobuoobbboobbuoobbboobuoobboobbobogbo
00000000000 00oooooooooooog (Fig 2a)0

KFOOOOOODOOOOOOOO x(+)000000000000000000000O
000000000000 Hx(—)ODOOOO 1000 (000099156 00)00000
ggobbbbuouuogooobobobbooooobb1obbouoooooboo
gooooboobooobooboobbowbooboobboobooobon
000000 Hx(—) D 100000000000 O0oooooooo

Fig. 7(c) 0000 Hx(—)OOO0 2z 0000000000000 0O000O0OO 0.294
goo211ggobgobobooboobobbobooboobobbooboobon
000000000000 0D0000 (Fig. &) 00000000 0ODOOOOOODOO
goooobooboooboobowboobbooboobboobooobon
gbogbooboooboobooboboobuoobooob oe0oobbooboon
gboboboooobbbuooooboboooobbbuooobbooooooon

A Appendix A: Ide et al. (1997|0000

Ide et ol. [1997]000000000O0OD0ODODODODODODODODODODOOODOOOODOOO
gbboogobooobooobbuooobboooobuoobbboobboobon
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O Ide et ol. [1997)0 000000
00000000

% = xi(t) (A1)
ooooon
zZ; = Yy; (AZ)
ooooon
A, = M, (A3)
ooooooo
x((=) = xI(t;) (Ad)
P,(-) = P/(t) (A5)
(-)oooOoOo fO0DOOOO
OdoooooooooOoon
x(+) = x*(t) (AG)
P(+) = Pt) (A7)

(+)00000 «000000

0000000000 (termed process noise) 0 OO O0OOO
Lq, = n(t) (A8)

rQr* = Q(k) (A9)

HEN

0000000000 (JpPL) 0000000000000 00000O0O0Ooooooo
gbbbooogbbbuoooobboooobbo

19



References

Anderson, B. D. O. and J. B. Moore (1979) : Optimal Filtering. Prentice-Hall, Englewood Cliffs,
New Jersey, 357pp.

Bretherton, F. P., R. E. Davis and C. B. Fandry (1976) : A technique for objective analysis and
design of oceanographic experiments applied to MODE-73. Deep Sea Res., 23, 559-582.

Bendat, J. S. and A. G. Piersol (1971) : Random Data: Analysis and Measurement Procedures.
Wiley-Interscience, New York, NY, 407pp.

Cohn, S. E. (1997) : An introduction to estimation theory. J. Meteor. Soc. Japan, 75, 257-288.

Fu, L.-L., I. Fukumori and R. N. Miller (1993) : Fitting dynamic models to the Geosat sea level
observations in the Tropical Pacific Ocean, II, A linear, wind-driven model. J. Phys.
Oceanogr., 23, 2162-2181.

Fukumori, I., J. Benveniste, C. Wunsch and D. B. Haidvogel (1993) : Assimilation of sea sur-
face topography into an ocean circulation model using a steady-state smoother. J. Phys.
Oceanogr., 23, 1831-1855.

Fukumori, I. and P. Malanotte-Rizzoli (1995) : An approximate Kalman filter for ocean data
assimilation: An example with an idealized Gulf Stream model. J. Geophys. Res., 100,
6777-6793.

Fukumori, I. (1995) : Assimilation of TOPEX sea level measurements with a reduced-gravity
shallow water model of the tropical Pacific Ocean. J. Geophys. Res., 100, 25027-25039.

Gelb, A. (1974) : Applied Optimal Estimation. M.I.T. Press, Cambridge, MA, 374 pp.

Gill, A. E. and P. P. Niiler (1973) : The theory of the seasonal variability in the ocean. Deep
Sea Res., 20, 141-177.

Grewal, M. S., and A. P. Andrews (1993) : Kalman filtering, Prentice Hall, Englewood Cliffs,
NJ, 381pp.

O0000,0000,000 (1997) : 1.500000000000000000000O0O0O-1993
01994 00000000- 0000000000000, 82, 73-95.

Hirose, N., C.-H. Kim and J.-H. Yoon (1996) : Heat budget in the Japan Sea. J. Oceanogr., 52,
553-574.

Ide, K., P. Courtier, M. Ghil, A. C. Lorenc (1997) : Unified nortation for data assimilation: op-
erational, sequential and variational, J. Meteorol. Soc. Japan, 75, 181-189.

O000,00000 (1996) : ’9¢000000000000O0O,(0)00OO0OUOOoODOOooOOO,Od

20



00o000d,o00d pp.

O0000,00000 (1997) : 0000000000000 Y70000000000O0DO0O0O0O,
(0)0000000000,000000, 136pp.

0000 (1994) : DO0OOOOOOOOOOOOOO,0000, 26, 802-809.

Kim, C.-H. and J.-H. Yoon (1996) : Modeling of the wind-driven circulation in the Japan Sea
using a reduced gravity model. J. Oceanogr., 52 , 359-373.

0000000 (1993) : 0oOO, 383, 37pp.

Na, J.-Y. and J.-W. Seo (1995) : Comparison between the sea surface winds and the current
measurements in the northern part of the East/Japan Sea. 8th PAMS & JECSS Workshop,
Matsuyama, Japan, 82-87.

o000 (1977) - Dooooooo,0000, 9, 137-141 (1977).

Senjyu, T. and H. Sudo (1993) : Water characteristics and circulation of the upper portion of
the Japan Sea Proper Water. J. Mar. Sys., 4, 349-362.

0000 (1994) : JO0OO0OO ADCPUOOODOOOODOOOOODOOOODO, OOOO, 26,
815-818.

Shum, C. K., P. L. Woodworth, O. B. Andersen, G. D. Egbert, O. Francis , C. King, S. M.
Klosko, C. Le Provost, X. Li, J.-M. Molines, M. E. Parke, R. D. Ray, M. G. Schlax, D.
Stammer, C. C. Tierney, P. Vincent and C. I. Wunsch (1997) : Accuracy assessment of
recent ocean tide models. J. Geophys. Res., 11, 25173-25194.

UNESCO (1981) : Tenth report of the joint panel on oceanographic tables and standards. UN-
ESCO Tech. Paper Mar. Sci., No. 36, UNESCO, Paris.

Wunsch, C. (1996) : The Ocean Circulation Inverse Problem, Cambridge University Press, Cam-
bridge, NY, 442pp.

Yoon, J.-H. (1991) : The seasonal variation of the East Korean Warm Current. Rep. Res. Inst.

Appl. Mech. Kyushu University, 38, 23-36.

21



Table and Figure Legends
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