000 [ 20060 oooooooog
0540 0 20 223-245 oooooo
©2006 DOOOOOO

Jodboubouoooboobooboobogogn
Jodouogd

00 oo'ooo oo'ooo oo?oo0o0 oto
00 oo'ooo oo?

Ooo0 20060 20 30000 20060 70 3100

u g

coooobooooooobooooboooooooooooOOoOooobooOoOoOoooooboo
gobobooooboomuoodoooooooooooobooooobooooobobooooooon
goboboobooooobooooboooooOooooboboobooooon

gogobboo ooobboobboobbooobo

1. 0000

gbobooooobobooobobotbooboooboobobboboboooobooo
gobooobooooooooo eNnNsobooooooboooobocoooobooooooobooo
bobooboooooboooooboooboOoooboboOoboOoOoD eNSOOOOOOOODOO
gbobboooobooooooooOoobOooOOoOobOOoOobOOoOoboOoOOonobO e uood
goobooooooooooooomooooooooo@moboobooboboobooobo
ENSOOOOOOOooOoooooooooooooooooobooooooboobooonooon
gooooobobobooooooboboobobobooooobobboooooDoboOoo
goboboooooboboobooboboooobooooobobobobooooboobooo
goobooooooooooooboooobobobooboobooboobooooobooo
gobooooooobobooobooboboobooboboobobobobobbog
veoooogobooooboobooobouboobobooboobobobooobooon
gboboomoboooobobob™ooboooobobooboooboobobooo
goboboobobooboboobobooboboobbooboboobobnoboo
goobooboobuoobooobooboobobbobobobooboobboobbo
gbooooobobobooobobobobbobOobOoD Griflies et alll 20000 000 O
g2o050 0000000
gboogoooobobgobooboboobobuoboboobobobob 20000
gbobooooomADcPloooogogboboooobooooboooooobgn
gbooboobogbbO0OOmmoOCEANOBS99, 199000 0O0OOOOODOOODLOOO0

00000 D00O0000305-0052 000000000 1-1
000 00000000O00100-8122 0000000000 1-3-4
00000 DO0O0O00O00305-0052 000000000 1-1



224 Oo00000 54000 200 2006

gooboodoooooboooobbboboooooooooooobooobooooooooon
gobbbddodooooooooboobobbooooooooooooooobooooooon
goobobdodooooooobobodoooooooooooooboooooooooon
ooooooooooooooboobooboobbmoboooooooooooooboomoa
doddoooooobobooooooooooooboooooooooboobooooooaa
o000 m oo oo ooooooooooon
gooooboobobobobbbbbbbobd00dooUoUobbbmFlemming, 19990010 O O
gbddoooooobobobooboooooooooboboboboooooooooooooon
0 Mooers, 20001
goodoobooobobbooooooooobobboodoooooooboboooooooa
goo0d00o0obOO0o0oO0obObOoOoO0obObOO00ooObOo00oobOo0oOooOoOboOoOooDbOoOoo
Jo00d0o0od0o0oobObO0o0o0o0ooooobbOoObObo0o0o0o0o0oooOooooooboooOn
go0o0d000obobOO0o0o0bObO000oo0ooo0oobOooOobLObOO0o0ooOoOboOoOooboOoa
gooodoodd0od0o0oo0ooooooDooOOobObObOOOoo00000ooOoOoOooDooooon
goo00d00ooOoOoO0O00ooO00oo0ooo00oo0obOo0oO0ooLObOO0o0ooOLOo0oOoOooboOoao
0000000000000 0DO000Db00000DbODOO00 O Daley, 1991; Bennett, 1992,
2002; Wunsch, 1996; Kalnay, 200311 [0 [J O O [1J Ghil and Malanotte-Rizzoli, 1991; [0 [0, 1994;
Malanotte-Rizzoli and Tziperman, 1996; Busalacchi, 1996; [ J , 1997; Fukumori, 2001; Kamachi
et al.,2002; 0 O 0O,2005[ 00000000000 NOIDOOO Bengtsson et al., 1981; Brasseur
and Nihoul, 1994; Malanotte-Rizzoli, 1996; Ghil et al., 1997; Courtier et al., 20001 0 0 O OO
0 0O 0O M Courtier et al., 1993[1]
go0000000000ooOoO0bD000o0OoooobOboOo0obD0o0o0oOoOooooooobooDo
000000obO00o0OoOo ENSOOOOOoDOoOOoOOooooooobooboooooooooono
OgoooooOoO0oO0O0000d0d000oooooOobOo0m@mobooDboooD0o0o0oOoOooOoon
gooboooomoboboooooodooooobooobobo b boooooooooooooo
goobodoooooobboooooooobobooom oo oo moooooooooo
goddodooooboobbbodoooooooooboobobobobooooooooooooooo
bbbl oooooooooooooboooooooooon
ogoooooooodddooom o imoooooooooooooooooooooon
gbbddooooooobobbobboooooooooooooooooboboooooon
goboooboobomeoooboobooboobobbooboboboooboon
Od00000b0O0OO0O philandel 19900 00000O0OO0OOOODOOO
oooooooooboobobobmobmooooooooao

00 ogooobooboboboooobooobooboboboboooobooboooboo
gboobooooboobooboobooboobgn

020 Dobooobooboobobobooboboomooboboobobooooboobooo
gboobooooooooooooooooobobobobobo™oboboobo

030 oooooooooooboooooooboooooooocOooooOooOoOoOooomoOon
gboboboomoboboboobobobobobobobooooboboboboboobbon
gogoboooboboooobooga

U040 40000000O0O0ODODOODOOODODODODODLDODODbDODODbODbODOD
st booooboobobobo@moboomobbobobobobobobooboon
goobooboobooboobooboobbobboboobboboobobbooboo



oboooooooooboooOooooooooboboooooooo

01 0O000000O0O0OO0OOO0moOOOOCOOOOOO0OO0O0OOOOObOOO00O0OOOOO
goooooobooooooooobooOooooooOoOobObO0OooOoDobOobOO000o
0000000000000 00000000000SM: 00000 Burgers 00O
gooooooo0oooD Sw:O0ooooooQG: 00000000 PE: 0DOO
ooooooocCM: 000D000000; 00000000000TOO0O0D0O0OO
O0S:000Rbho: 000w OOOSSH: 00O OODOOOOSST: 00O0OOSSS: O
O000Buoy: 00000O0Psi: DOOO0OOATOC: 000000, 00000000
gosc:ooooooongoooooGM: DoO00O00oU0ooKEF: 0000oooo
O0O0OKS:OOOUOODOOUOOOSEEK:SEEKOOO0O0O0OSVD: 00000oooo
EnKF: OOOOOOODOODOOOO0O0O0O0OPE:ODO0O0O0O0O0OOOOOORM: 000
O000003DVAR:3000000Ad): 00000000 Adp: DODOODOODOO

225

oo ooood goooo good
Alves et al0 20010 PE SSH Ol
Behringer et al.] 19980 PE T 3DVAR
Bell et al.00 20000 PE T Ol

Bell et ald 20010 PE T oI
Bennettd 19900 SW T RM
Bennett and Millexd 19910 QG Psi Adj
Bennett et ald 19980 SW TOSST RM
Cane et al.J 19960 SW SSH KF
Carton et al.0d 19960 PE TO SSH Ol
Carton et al.J 2000a0] PE TOSOSSTOSSH  OI
Carton et al.d0 2000b0 PE TOSOSSTOSSH Ol
Chen et alld 19970 CM SST SVD
Chen et ald 19980 SW SSH KF
Chepurin and Carton 19990 PE TOSOSSTOSSH  OI
Chin et ald 19990 SW SSH KF
Cooperl] 19880 PE TO SO SSH Ol
Cooper and Haines 19960 PE SSTO SSH Ol
Derber and Rosati] 198901 PE TOSST 3DVAR
Durand et ald 20030 PE SSTO SSSU u SEEK
Evensen] 19940 QG Psi EnKF
Fisher and Latif] 19950 PE TO SSTO SSH SC

Fu et al0 19910 SW SSH KF

Fu et al0 19930 SW SSH KF
Fujii and Kamachil 20030 PE TOSOSSTOSSH  3DVAR
Fukumori] 19950 SW SSH KF
Gordeau et al.0 20000 SW TO SSH SEEK
00 120050 CM SSH EnKFO PF
0000020020 PE TOSOSSTOSSH  3DVAR
Ishizaki et al.0 20060 PE TOSOSSTOSSH  3DVAR
Ji et ald 19950 PE TOSST 3DVAR
Ji and Leetmaall 19970 PE TOSST 3DVAR
Ji et ald 19980 PE TOSST 3DVAR
Ji et ald 20000 PE TO SSTO SSH 3DVAR
Johnson et al.d 20000 SM TOSST GM
Kamachi and O’Brien] 19950 SW Buoy Adj
Kleeman et ald 19950 CM T Adj
Lee et al0 200000 CM TO SSTO SSH Adj
Leetmaa and JiJ 19890 PE TOSST Ol
Long and Thackei] 1989al] PE Rhol SSH Adj
Long and Thackei] 1989b0 PE RhoO SSH Adj
Masuda et al.d 20030 PE TOSOSSTOSSH  Adj
Menemenlis and Chechelnitskyl] 20000 PE SSHO ATOC Ol




226 Oo00000 54000 200 2006

01 00000

0od goooo ooooog oood
Miller and Caned 19890 SW SSH KF
Miller et ald 19950 SW SSH KF
Mooreld A. M 19890 SW T SC
Mooreld A. M 19900 SW T SC
Moore and Anderson] 19890 SW T SC
Rosati et ald 19960 PE TOSST 3DVAR
Segschneider et al.J 20000 PE TO SO SSH Ol
Segschneider et al[J 20010 PE TO SO SSH Ol
Sheinbaum and Andersonl] 1990al] SW SSH Adj
Sheinbaum and Anderson] 1990b0 SW SSH Adj
Sirkes et al.J 19960 PE TOS Adj
Smedstadt and O’Brien 19910 SW SSH Adj
Sugiura et al.0 20060 CM TOSOSSTOSSH  Adj
Syu and Neelin(] 20000 CM SST SVD
Tang and Hsieh[ 20030 CM TOSSTO SSH 3DVAR
Troccoli and Hainedd 19990 PE T Ol
Usui et al.d 20060 PE TOSOSSTOSSH  3DVAR
Verron et al] 19990 PE SSH SEEK
Vossepoell 19990 PE TOSOSSTOSSH  3DVAR
Vossepoel and Behringei] 20000 PE TOSOSSTOSSH  3DVAR
Wenzel et ald 20010 PE TO SO SSH Adj
Zhu and Kamachi] 20000 SM u Adp
Zhu et ald 20020 SM T Adp
gooooa

gobobooboobuooboobobobbobbooboooboobobooobooo
gooboooobooboboobbuoobbooobooobooobooobobo

gogobodobo 2b0gboobodbooboobooboobooboobobnbon
gogbooboogbooboospogboooobboboobooboobbooboon
gooooobodboobobooboobuoobboboobooboobbobbooboo
gobooobodgboobooboobooboobboboobooboobboboon
gobobooboobuoobooboobobobobodbboboboobobbooboo
goboboobogbuo4bb0obboobosbobbooboobobobobooboo
gobbooboobooboboobuoobbobbosbooboobbobbooboo
gobooboobooboobooboobooboobooboobbobbobooo
godbebbUbobooooobbooboobobobodboobbobbobobooboo
goboooboobooboobbobboobboobobboboob robboboon
gooogoogo

2. OOOOOooo

gobooooobooocooooooooOoOooobOboOoOoOobooboOoooOoboOoooooOooo
bobooobooooomoomoooooooooboooboooboomooooooonoo
otcoomoooobooooooooooooooooooboOooooooboOoboOoOoDoobooo
goboooooobooooooboooooboboooOoOobboOooobobooooboboOoooboobooo
ooooooooi1000o00o000ooooOooOO0OO0000000000M@mMOVE/MRI.COMO
OO0 Usuietal,2006 0000000000000 100000000000000O00



oboooooooooboooOooooooooboboooooooo 227

Dec. 1997 (EI Nino)

20N 30
10N 28
26
EQ
o 24
10S 22
20S %9 . = 20
120E 150E 150w 120W 90w
Dec. 1998 (La Nina)
20N 30
10N “
26
EQ
) 24
10S 22
20S 20

1 20E 150E 180 150W 120W 90w

01 0O0000000C0OO000000000019970 12000000000000000
019980 120000000 280 coOoOooOooOOo

SSTA (MODEL) APR 1997 SSTA (OBS) APR 1997
10N = 7 0
£Q VS%‘::‘;‘_O
s (8]
10518 > e'\h ~
120 160E _ 160W  120W 1206 160E  160W  120W
SSTA (MODEL AUG 1997 SSTA (0OBS) AUG 1997

o e Ty

120E 160E 160W 120w 80w 120E 160E 160W 120w

DEC 1997 SSTA (OBS) DEC 1997‘
10N g 10N o
EQ & EQ 15 o
10517l 1 L ws",',\,,L 8 /\ .
1206 160E  160W 120  B8OW  120E  160E  160W  120W  BOW
SSTA (MODEL) APR 1998 SSTA (OBS) APR 1998
— Ay S
EQf!
' ) : 1072 i ak '
120 160E  160W 120w  80W  120E  160E  160W  120W  8OW

- (%)

02 0O0O0O0O0O00O0O0OOOCOOO0OOOOOCOO0O0OO0OO0OOOCOOO0O0O0OOOOCOCOOO0
gbooooooOOo0o0O0O0000000000000000 1997 0 4080120 1998
0400000



228 Oo00000 54000 200 2006

000000000000 000000O0000000DO0ODbO0ODOO 2 CcOnDODoooon
Jo000000O0000O00oO0oDbOOo0oO0DbOOo0O0o0ooO0oDO0ooOoOoDOoDOoDOOoDbOoOon
Jo000000O0DO000d0O000O0obO00obOO00o0oooOO0oDOobOOoooOoDOooDOobDooon
goobob 200000 20000000000 9970 10100000000 DObOO0OO
gooboobo0ooobooobuooobooobogobegr 1200000000000
Jo0o0000O0o00o0OOo0oOooOooOooOOoo0oOo0oboo0ooOooOooDooooDooooooo
Jo0000O00O00o00doOOoo0bOO0obO0DO0O0O0O0oDbDOoDOO0o0bOOoDOoO0DbOOobOOoDoOooOO
0000000 0DO0000bO0bO00ODO0DODO0bO0DO0o0DO0ODOO0ODOoDOOoDOOoDbOOOn
0000000 00Db0o0bO00O0O0DO00oD@oOo0oDOo0ooDOOo0obLOOoDoOO:-0000
0000000 0obO0obO00O00O0000DOO0DO0ODO0O0D00bOobOOoDOoDOOoOOoODn
0oodooooooooooooooooooooooooooooooooooooon
0odoooooooooooooooooooooooooooooooooooooan
Joooooooooooooooooooooooooooooooooooooooon
00000 Moore, 19890 0000000 DOOOOOOOOONOOMOI Moore, 19900 000
d0ddoooobOooooooooObObOoo00000m@oooDooDo0Dmooooooo
0000000000000 ooo0mbooooooooooooooboooooOoo
U Long and Thacker, 1989a, 1989b; Bennett and Miller, 1991[1]
0000oo0oooooooooooodooooooooooooooooooooon
0000000000000 000D00O000000DO00D0DO0OOM Long and Thacker,
1989a, 1989b[1] Smedstadt and O’Brier1 19910 00000000000 OODOOOOOOO
0od0odooooooooooooooooooooooooooooooooooon
00oooo0oo0ooooooooooooooooooooooooooooooooon
00000000000 m@ooooooooobomooDooooooooooooon
00ooooooo0ooodooooooooooooooooooooooooooooon
J000000O0DO000O0bO0bO00DO0DbOOo000ooO0DO0ooOoOoDOoDOoDOOobOoOn
Mo0000o00100000000000 00000000000 ooooboooogon
000000 bU00obb00o0bObOo00b00o0b0bD Fuyetal, 1991000000
J0000000DO000O0bO00OD00DO0obOO000o0ooOO0DOD0obO0o0oo0OoDOooDOOobDOoOon
0 00O 0O J Busalacchi and Cane, 19851 0 000 3000000000 0O0OO0O0OODOO0O
goooooooooooo
J0o000DO00b0O0bO00O00o0O00ODDO0O0ODbDO0O0ODOO0ODObOOOoDDOOoODOOn
0000000000000 0O0000DO00o0o0ooOO0DOoOO0oDO00oD0ooDommooOoooon
0000000000000 bO00O0O0DOD0obOO000oo0ooOO0D0obO0o0oo0OoDOooDOOoboOoOoon
000000000 Moore and Anderson, 19890 0000 00OOOO0OOOOOOOO
000000000000 bO00000OO0DbO00o0ooO0oDOooDO0ooOoOOooDOooDOoDbOooDoOon
J000000O0DO0000O00oO0obO0obO0OO0ooOOo0ooOO0DoD0obO0o0oo0OoDOooOOoboOoon
J0o0000Db000000oO0obOo0ooO0DbOOo0o0o0ooO0oD0oOoOoDOoDOoDOOobDOoOn
Jo0000DO000O000DLO0Mo0oo0o000oDb0o0mooDooobDOo0ooDOoOooooon
000000000000 I Sheinbaum and Anderson, 1990a, 1990b; Kamachi and O’Brien,
19950 0 0000000000000 00O0000DOL00000DO0000DmOooOobOOoOon
0 0 O 1 Sheinbaum and Anderson, 1990a, 1990b[ 000000000 O0OOOOOOO0OO
00o0ooOo0oooobOoooobooooOo0oooDbooooDbOm@™moooOoooooooo
000000 obOooooObOooobDoOoooooOoooooOboOooooooooOon
0 [ Kamachi and O’Brien, 19950 0 0000000000000 OOO0OOOOOOOOO



oboooooooooboooOooooooooboboooooooo 229

OgooboobooOoooo0dddooooobooobobobboooooooooooomon
ogooooomboboobooooodoooooboooobobobo oo O oooooooooon
gdddoooooobobooooooooobooobbobooooooooooooooo
goddoooooboobbbdooooooooboobobooobooooooooooooo
00000000 0oooooooobobobobbobobbO00nddBell et al., 200100000
goddooooboboobbbdooooooo sgoooooobooooooooooooao
0000000000000 O Ishizaki et al., 2006L11
gboo0doobobooooomoooooboobooomobobobbooooboooooooo
goodobobbooooooboooobb oo oo o0 oooboooon
goddodooboboboobooooooooobooobobboobooooooooooooooooo
godd0o0ob0o0o0o0o0o0o0oOoobobobObOobo00o00o0ooooooooDoooOooOon
0 Fukumoriet al.,, 199910 000000000 0DOOOOODOOOOOOOOODOOOOOO
Jo00000000o000ooobDobobObobObOobo00000oooooooooOooODn
goddoodoooboOo0o0o0o0o0ooooobobbObOoO0oo0o0ooooobooboooOoDooOoo
Jd00o000oobOoO000obobOOo0o0o0obOb0o0o0@oobD 2e0@OobobOOoOoOooon
U0o0b0OdoODSEEKH Singular Evolutive Extended Kalman[1 0O OO OOOO0O0OOOO
J000odobooObOo0000oobobOo0o0ooooDoboooDoOm@TAOMOOOOoOoOn
000000000000 0D0O0000D0000O Verron et al., 199911 0 0 O 1992-1996 O
0000000000000 000oOooooboobOoOoODboOD@mbobo0o0o0o0o0oOoooooOon
000000000000 Gourdeau et al., 2000010 1997-1998 DO O OO OODOOO0O
gooo0o0oO0oOoO00000d00000OoOooOooobOobOboOboo0000oooom@ooao
Meinen and McPhaden, 200000 O OO0 00000000 OODOOODOOOOOOOOOO
010000000000 O0O00000000000DODOo0DOoDOoDOoOOOOOO000O0Ono
Jodd0oodoooobOobOooo000o0ooooobobooObObOo0o0o0o0ooDbDobo 20000
0O 0OFisher and Latifd 19950 OO O 000 0O0O0OOOOOOOOOOOOOOOOOOOO
goddodooooboobbtbddoooooooobobbooooooooooooooooo
godddooooooboboodooooooooobooboboboobooooooooooooo
Modooooboobddooooobobobooobdoooooo oD ooooooooooao
bbb moooooobooobobooooooa 2-500
godddoooooboboooooooobooobodoooomobooooooooma
gooboodoooooobooobbooboboodoooobooooooooooooooo
gododoboobooooobooooboboboooooobooooooboooooooo
go0oOo00o0ooO00boDOOo0oU0oDOOoodOTAO/TRITONDODOOOOODOOO
OdddbodoooooobobobobobOb00do0gOdOoOnd Carton et alll 19961000000
goo3-eo0O0O0OOoOoOoooOooOooobOobOobooooboobobobobooooooooOn
goddoooooobobobobbobooooooooboobobbbooooooooooooooo
gobobbdooooobbooooooooooooooooobboooooooooooo
Oooodooooooooo 3gooooooaa
gooddd0d0oOooOobDOoobooObOoObOo00000o0ooooooDobODbDoODDbLm@Oooon
Derber and Rosati, 1989; Rosati et al., 1996; Bell et al., 2000[1] Rosati et al.[J 199611 [0 [0 0 [J
00000000 3000000000000 00 Derber and Rosati, 1989011 0 0O OO 1979
go0ssdddno 1000000000 oOoOo00oDDoD0o0ooooDooooobObo0o0oOooa
gooodobooo0o00oooooooobooobObo0o0o0o0oo0ooOooooooboooOon
gooo00o0ooooobObOoO000000oooooobOoOobObOoO0o000ooooDooboooOn



230 Oo00000 54000 200 2006

0000000000000 bU00oo0ob0o0OboOgnd Ishizaki et alll 200600 O
0000o0o0o0o0oDooOoOooDOod MOVE/MRIL.COMI Usuiet al., 200600 00000000
Joddooobobbbbibo0ooooobobbobb0b0oOoooUonoOdi et alll 1995010 O
1982000 1993 000000000000 DbO0OU0ODODDbOOoUbD0OOoobOoOobObOoOoboboOoo
0000O0O0o0O0bO0000DO0DO00OO00DOD0obOO000O0O0ObODODODODOoDOoDbDOoOooDoOon
0000000 0DO0000O000O0obO0obO00o00oDO0DOoO0oDOD0obOO0oOooOooDOoboOoon
gobooobooboobodbooboooboobooobobo0obbo0obooOonndn Chepurin
and Cartor] 19991 O Carton et alll 2000a, 2000bL] O O 1950 0 OO 1995 00000 250m
00000b0bO00000O00O0DO0DO000bO00DO0oDO0obOO0ObO0ObO0OOoDOoDOoDOo
go0b0db0obooboob0obooooobobobo0ob0o0bOobOdUd Chepurin and
Carton, 1999; Carton et al., 20056 D0 0 00000000 ODO0O0O0OO0OOOOOOODOO
000000000000 bO0bOOooooooboOoo vsobhooooooooooooooo
ibobobo0bO00dbO0OdnDUdKoehl and Stammer, personal communication1] 0 [ [0 [
O0bDOooooogveodn 2004000000000 1500mO000000O00OO0OO0O
00b000obOo00oooob0oOOoobooDbOobO0ooD0@ooOoo cobobooomo
0oodooodoooooooooooooooooooooooooonooooooon
0o0oD0oooooooooooooDdoooooooooooooooooooooon
0000000000000 Sirkes et al., 1996; Wenzel et al., 2001; Masuda et al., 200311 O
00o0oooDooooooooooooooooooooooooooooooooooan
0oodooodooooooooooooooooooooooooooonoooooon
0oo0o00oo0400000000000000000000000OC00O0O00O000O0O000

3. Jponbooooo

gobooooooobooooboooobooooobobo 200000000 ODOOO0On
obooooooooooooocoOobocOoOoooooOCocOoOoOooOoOOoOoboOoOooooon
uobboooooboocooooOoooobooOoOoOoOoOboOooOoOobocOoOoobOOoOoOoOooDOboOn
obobooooobooOooooooocOooooOooobOOoOooboooOoOoOoobOOOoOoOoobooboOoOn
oboboooooooooobooooooOoboOoooOOooOobooOoOoOoobbooOoooobooOoa
oobobo0ooobO0O0o00o0oooobobooOoOmJietal,, 2000l 000000000000
gobooooooooooobooOooooboOoooobOoOoOoooboOooboooooobooOoa
uobobooooooboooomoocOooooooobobooomobooooboobooooooooo
000000 Fujii and Kamachil 2003 00000000 O0OO0COOCOOO0OOOOOCO
obooooobooooooboooobooobooooobooOoooobooobooOoooobooOoa
goobooooocooooooOooOooooobobOOoOoOoobOOObocOoO0OoOoO ENSOODOOOO
oobOoooooobooooboocoobOooDnn

JietalD20000 0000000000000 OCOOOOCOOOOOOCOODOCOOOOO
uoboboooboomssHmoooooooooooooboooooooooooooooa
oboooboooenooooooon sSSsHO semOO00OO0O00O0COCOO0OOO0OODOO
gobooooobooooboooooboooobooooboboooooooooboOooooboo
ossHOOOoOoOooooooooooobboo ssHoooooogooogooooobooo
U0Do0mo0omoooDoooD Maedd 19980 00000000 0OODOOOODOOO
goooossHObogoods-10oem D00000O0DO0OODOOOOOODO0OODOO0O0OO
oobDOogbobOO0Jietald2000l 00000000 0OO0OOOO 200000000000



oboooooooooboooOooooooooboboooooooo 231

Jdddobbbi0o0ooooobobbbo0oooounnbm Cooper, 1988; Woodgate, 1997;
Vossepoel, 1999; Vossepoel and Behringer, 2000; Fujii and Kamachi, 20030 00O O0O00OO0O
0200000000000000D0:000000D00D0000DO0ODOODOOODOODOOD
0 O [ Cooper and Haines, 1996; Troccoli and Haines, 199901 SSH OO0 OO 0O0OOOOOOO
003000000000 00H Vossepoel et al., 1999; Vossepoel and Behringer, 200002 O O
00000000 bO00O0DO00O0000bO0oDO0oDO0OD0OO0O0bOOoDOoOOomoOooOon
goboboboobbooobboom@mEeEorlb0oob™obooobooboboobobobooo
goo0oobooooobooobobobobobo00b0o0b0oobOo™obddMaes, 1999; Maes
et al., 2000; Maes and Behringer, 2000; Fujii and Kamachi, 2003[1J [0 O Ishizaki et alld 20060
0000 Fujii and KamachJ 20030 000000000 OOOOOOOODOOOOOOOO
000 MOVE/MRI.COMODOOODOOOOOOOOOOOOOOOOOOoOoOoOOoooOoo
0dooooooooooooooooooooooooooooooooooooooaon
0000 EOFO0000000O00O000O00DO0O00DOO0ODOO0ODOOO0DOODOOoOoOoooOon
0000000000000 oooo eoFr00o00ooobooooooooon
0o0000ooooodooooooooDooooooooooooooooooooon
0oodooododooooooooooooooooooooooooonoooooon
0o00ooooooooooooooooooooooooooooooooooooon
0oooooooo0oooooooooooooooooooooooooooooooon
doooooooooooooooooooooooo

4. O0OQO0O

0203000000000 000O0DOO0O0O0O0O0O0O0ODOOOOO0DODOOoOOoDDODOOOOO
00o0odbOooboobOo30o0booooobooooooOoooDooooooDoOon
dooodboooooooooo0mooboobooboo@™oboooobooooooOon
0000000O0DO000O0bO00O00DO0oDbOO000o0ooOO0DOD0obO0o0oo0OoDOoDOOoDbOOoOn
J000O000O0bOO0o0000O0bO0bO00ooO0 200000000000 DOOOOOODn
o0 O,200:0000000000C00O0O000O 1/4°x1/4°000 4000000000
Oo0oOooooo@e®)xo(1®) 0o00D0D0o000D0oo0oooooooooooooo
J00000oo00bO0000oo00DO00ooDO0obO00oDO0ooO0bO0ooDOooDobOooooooon
000000000000 0D0000000bO0bO0bO0bO0ob0ObOoDbOoo

J0O0000bO000000dDO00o0o0oDO0ooO0bOOoobOOooDOoDOOooODOooDOoDbOoon
00000000000 0DO00O00O0000bO0oDOOoD0OO00O0oOO0ODOoDOoOOoOom™Oo
0000000000000 00000000D00D00D00DO0000ODO Oncremental 000
OO00O0 Courtier et al., 1994; Zhu et al., 20020 00000000 0O0OOOOOOOOOOO
J000d0obbO00OgUonDDOdMenemenlis et al., 199700 0 000000O0OOO0O0O0O0O
000000000000 DO00D@mUo00o0obO0DO0ooDo0o0o0obOobOOooDOooDooooon
00000000000 0DO00O0000bO0bO0oDOO0oD0000bOD0™oooDooooon
Jddodbobbbb0oo0o0ooobbbUdUUddMiller and Cane, 1989; Fukumori, 199501
0000ooooooooooooooooooooooooooooooooooooon
0000000000000 D00000000OIEnKFOEvensen, 1994000000000
00oo00dooooooooooooooooooooooooooooooooooooon
1] Fukumori and Malanotte-Rizzoli, 19950 0 0 0 0000000 O0OODOOOOOODOOO
00oooooooooodooooooooooooooooooooooooooooon



232 Oo00000 54000 200 2006

000000000000 Cane et al., 1996; Maes, 1999; Fujii and Kamachi, 2003L] 0 O O
0000000000000 OoOgn Verronet al, 199900 00 O0O0OODOOOOOOOOO
0000 00oodbod™Chinet al., 19990 00000000000 0OOOOOOOO0OO
00000000000 0O00O0000bO0D0DmOooo0o0oobobOooDooDooooon
0000000000 0D00OO De Mey, 1997; Hoang et al., 1997; Zhu and Kamachi, 20001
J0O00000O0bOO000O0DOO0DODOO0O0bO0O0DOO0DO0bO00DODOoDOO0obOOoOoDbOoOn
Jo00000O0DO00000O0DO0oDbO0obO00oD00oo0oO0ooDOoobOOoooooDOoboon
Jo000000O0DO0000O00oO0obOO0bO0oO0oDOO0oDO000o0oO0O0ooOo0OoDOooDOOoDbOooOon
go0od0o0o0O0o0boODOO0O00DO0OO0bOO0ODbOO0O0O0O0ODOO0O0ODODOO0ObOOoODOObOOoOO
0000000000000 00D0O00000D000000000001. incremental 0000
0o00odoooooooooooooooood2.0000oooooooooooon
0d0o0obooooOoooooOooooooOooooOooooD oD@ ooobooooooooo
0000000000 oOoobooobo@ooboobooDoooboooomaOon
d0odobooooooooooooooOo0mbooooobooooooooooooo
0oooooooooooooooooooooooooooon

5. J0ooooboooobooooo

ddoodbOodoooboooDooobOoooobobOooboooOooDoboOoobOoooOon
00b00oobOooOooo0obOOooo0ooOooDoobOoooDoobooooDoOoooooOon
0d0bo0ooo0bO0o0oobO0bOOooo0obOOobOOooDoOOobOOobOooooboooooOon
d0o0odbOoooOoobDooboOb0ooo0obDbOOoobOooDbOoobOOoobOoooOooDoOon
dooodboobooooooboo0boooooooooooobDoooboooOooDoOon
gooooooboboDmogd Miller and Cane, 1996; Fukumori, 2001; LeProvost et al.,
0200 0000000000000 00DLOO0000DOOOo0OOOO0o0oOoDoOOoOoOooOooOO
gooboooboooboobobooboobooo

godbobodbbtboo@uooobboobobooobDbooobbooobooooo
godboooooboobobooodbobooooboboommooboobooooooo
goboobooboobooboobooboobOboboboooooboobboooooo
goboobooboobooboobooboob0oobboobDoobDboboboooooo
goobooboobuoobboobouobobbooboobogbboobobuoobooboo
17 decorrelation scale[] O 00O O 0O 0O M OO O O Miller and Cane, 1989; Leetma and Ji, 1989;
Derber and Rosati, 1989; Bennett, 1990; Hao and Ghil, 1994; Miller et al., 1995; Rosati et al.,
1996; Carton et al., 2000a, 2000b[] Fu et al.00 199311 Kuragano and Kamachil] 200000 O O
gjoooboobobbbbbooooooobobobobbboooo@m@bobbbobooooooo
gobobooobooobobooboobooboboooboobuoobobbobobooboo
gobooboooobbobobooboobobobuooboobooboobbooboooo
gdddobobbbt0oooobob0b00o00oobobbbb0U0U0U0UUMFEu et al., 1993;
Fukumori et al., 1999; Menemenlis and Chechelnitsky, 2000

000000000000 oo0@obooobooDoooDooooooooaon
00b0000ob0ooobo0oobOobOooboboOoobOooboooOoooooOoooooo
00000 bO0o0oo0DooobOo0bO0o0ooDooobOooboooOoooDoOooooooDoono
ddo0odoooooobDoOoooobO0oobOooobObOooDoobDoOOooDooooOooDoOon
0000000000000 oooDbooDbo0o™@obooDoomaon



oboooooooooboooOooooooooboboooooooo 233

uooobooooooooooooboOooooooobOoOooooboOoOobooOoooobooOoOon
Uob0o0O00O0oO00oDOC0CO000O0000000 Fukumori et ald 199900 00000000
gobooboboooooooooooboocobooooooboooooooOoooooboobooOooon
uoboooooooocoooooooobooooooOoooooOobooOobooooobooOoooooo
obobooO0obOo0bO0o0oO0o0bO00o0O00DO000O00b0O0OO0DOOD Bennett, 1992001
uobobooooobooOooooooocOooooOoooooOooooOoObOOoOobObOoboOoOooobooOoOon
obobooooooooooooocmooooooboooooo@moooboboOoooooDooOoa
U000000000000000O Talagrand, 19980 00 00000O00COO0OOCO
obboooobOooobooOooobooboboOooobO200000000000000O000
oooooo2200000000000000O0C00O0O0O0O0O0DOC0O0OO0O0 200000
o001/ 200000000000002000000000000000O0O
gobooooobooooooooooooooooooooooobooooooboboooo
goboobobooobooobooboooooooboooooboooooooog

6. Jpoooooooooo

0000000000000 boooooobobDoooooooooboboooo
J000d0oo0obOoobOoobOo0bO0o0obOoooObOobOOoobOOoOobDOoooOoOooDoOon
0000o0o0obOoooboooboooooooOoooaon

TAO/TRITON OO OOOOOCOOENSOOOODODOOOOOOOOOOOOOOOOO
0000D0OO00oooOo1soodooENSOODDOOODODDODOOODOOOOOoDOoOOoOono
U000 Tropical Ocean Global Atmosphere program ] TOGAL OO OOOOOOOOODOO
0000 ENSOOOODOOOOODOOoDOoOoooobooboooooooooooooono
000000 ENSOOOOOOODODODOO0O0oDOOoooooboooooooooooooono
000000ob0o0obOo0ooboo0oboDoobobOoobOooDbOOoboooOo3bDooonooooono
godbobooobboooboboom@mGEoSSsuocoobbooobooooboboobobooo
goobooboobuoobboobouooobbooboobogbboobobuoobooboo
gobobobooboobboobobooboooboboobobobobooobobooon
ENSOOODOOODOOooboobobobooboobuoobuooboobooboobooooo
goooood

goboodobooboobobuooboobboobobooboobooboobbooboooo
godbog EeENSOOUOODOOD0OObODO0O™@boooboboooomooooboooobooo
goboobooboobooboobooboob0oobOboobDoobDboboboooooo
goobooboobooobobooboobboobooobooboobooboooooboo
OO0 Johnson et al., 20000 00000 0000O0OO0OOOOOOOOODOOOOOOO
gooboboooboboooobbooobobboo oo booobboooobboooo
00000000000 b0o0obb00o0obO0OOndJi and Leetmaa, 1997; Rosati et al., 1997;
Ji et al., 1998; Segschneider et al., 2001; Wang et al., 2002; Fisher et al., 1997; Syu and Neelin,
2000; Kleeman et al., 1995; Chen et al., 1998; Xue et al., 2000; Tang and Hsieh, 200311 0 0 OO
0d0o0odooooOoobDoOooboobOoobOOo0obOoooDoOOooDOoobOOoOobOoOooOon
0000000000 oOoobOoobOoobOOo0obOoobOobDoOoOobOooooOooDoOon
0d00000obO0oo0oboDo0oOobobOoo0bOo0obOO0o0ooDoOooDbOobOOo0obOOoooOoOooDooOoo
dooodooobooobDooboobOooboooboobOoobOOoOoboOoooOooDoOon
000000000000 0000D0DO0O0OO Rosati et al., 1997; Ji and Leetmaa, 199711



234 Oo00000 54000 200 2006

gopbooooopbooOoOooboOoOoO0UobOoOoO00obDOoOoOoOobOboOoOoDoOooboDoo
00000000 Durand et al, 2003000000000 0OO0OOOO0ODOOOO
gooooooobooo0o0oooOooOoooOoUobDboobOoOoOoobOboboOoobDooooDbooa
goooooboobooobobooboobooboboobobobooobobOoobo oobOon
gopoOoboooboooo
gbobooobooobooboooboooooboobooobooboboobooOoooDOob-
serving System Simulation Experiment: OSSE[I 0 OO OO OOSSEOUODOOOOOODOO
gooboooOo0oooobOoOogoooobooboOo0oUobDDOoOoUboOo0UUoDpooOooooDo
gobooooobooOoOooooOoooOoOooooO0O0obDoboUoOobDbooooDboOooboDooo
goooooooooOoooboOoOoooboOo0oboooobDooooboooooDbooa
00000o0000oooo0oooooooooooooooooooooooooooog
00o000oo0ooooooooooDoooooo0oooooooDooooooooooog
000D0000o0o0o0oooo0ooo0o0ooo0ooooooooooooooooog
O0000000D00D0O0ODOMorss and Battistid 20040 000000000 0OO0OOOODO
O000000000O0 Zebiak and Cand] 1987 000000 0OOOOOOOOODOOOO
0000o0000oooooooooooooooooooooDoooooooooooog
000Do000000oooooooo0oooo0oooooooooooooooooog
oopooooooooooo
00000000oo0o0ooooooooooooooooooDoooooDooooon
0000000000 0oooo0oo0o0ooo000oDoo0Do0oDooooDoooooog
0000000000 0oooDo00oooooooooo0oooooooDoooooog
00o00oo0D0o0o0o0o000o0ooooDo0ooO00oo0ooDo0oooooooooon
0000o000oDooo00ooo00ooooooDoooooooDoooooooooood
go00b00o0b0o0ob0o0b0obObO00bO0o0ob00bOUObODOD0mUugDOo Cacuci, 2003;
Cacuciet al.,, 2003 0 00O 0O0OOOONINO3ODODOOOOOOOOOODOODOOOOO
gooooooooorodofo0U0DbOoUbf z0 000 J(xer) ODOODOOOO0OO2r
goooooobooo0o0oobooOooOoooOoUobbooooboooooobbooooopbooa
t00obodbodbb . 000000¢«0D00O0O00TODOODOODOODODOODOD
oopooDo0oonD Mer(xe) DDOOODOOOO Jexr)OOODODO6, OOODO

0000000000000 (eey0000O0O0OOODODO
(6.2) 8J =(6J/0xr,éxr) = (0J/0xr,5{Me v (x+)}) = (M} 70J /02T, 62+)

O000oo0o00oO000o0o0000oJ/0x:=M;ro0J/ozr 00000000M,r 0000
Ul M, 0000000000000 *O00O0O0COOO0ODOCOODOOOOODOOO0O0
uooo:;0o00oooooooooooo0 ;00000 Myr=Mr---Mq M, O00O0O
oo0oM;r=M;M;,,---M>;000000000000000000O0C0O0COCOCOO
ooo0000o0J/ox, 0 2, 00 000000O0C0 JOOOOOOOOCODODOOOODOO®,
UJsO00000000obooO0obO0obO0oOoOo0ootoocobooobooobOOoooOoOooooonn
O0rooo0o0oo0ooo0ofdoO0o0oooOoooOooooon M, 000700 ¢00
obooooooboooooooocOoboooooooOoboOoooOoOoOooobooOoooobooOon
gobobooooooobooOooooOobocoooooOoOobooboOobobOboOoooobOboOoooboobOoo
ooboocoooooooo



oboooooooooboooOooooooooboboooooooo 235

Jo00o00O0O0o0b0O00O0OO0DOO00ODODOO0ODO0O0ODOO0O0OD0DDO0O0ODO0OOO0DbDOODOO
J000dobbOOOddFukumori et al., 2004; Galanti et al., 2002; Galanti and Tziperman,
03l 000000000 ENSO0OU00ODDOOO0DbObOOo0OObObOoOoobObOooobo
goooooooooo

oo M,y 0000000 O0ODOODOOOOOOOODODOOOOOODOODOOO
goooboboo0TrTo0O0000b0b0 ey 00000000 bDDODOtODbOD e, 0000
goobOooooooooooOo -00000O0ODoOob0Oonog

N (et,&t) N (eter)

(6.3) r2 (eT,eT) (€6, M M T€t)

oooooooo@-oo0dooooobo@oooodM; M, OODO0O00O00O000OO
goooooboooooogoogobooobooo0 My DO0DOODODOODODOODOO
J00ddooobObo0000oooooooOoOo0ooooooObODbOO00000DDOM™ Golub
and Van Loan, 1996 0 0 (D 000000000000 D0OOO0OOODOODOOOOOOOOOOO
gob0odbobObo0b0ob00b0bU0ob0b00ob0ob0oo0oOobOoObgd Morss and Battisti
doo4dOpooOSSE00OODOOODDOOOOD0OOUODOODbOOO0ObOOOODbDOObDOoOobOon
goobooobobooon

ENSOOOUOOOOObOooboobooboobobobooooobooobbooboooo
00000000000 00bO00obOnbOOn I Blumenthal, 1991; Xue et al., 1994, 1997a,
1997b; Chen et al., 1997; Thompson, 1998; Fan et al., 2000; Moore and Kleeman, 1996, 1997a,
1997b; Eckert, 1999; Moore et al., 2003l 00 00000 0O0O0OOOOOOOOOOOOOO
goboboooboobobooobooboobooboobobooobobobooboooo
gdbobooboobooboboobu0obbobobOooboob0oUOoob0OoUbUdMoore et
all2003l 000000000000 ODODUO0OU0OO0DODbOUOOUODbObObOOOObObbOOoOnDO
goboobooboobbooboboboobooboobbobobooboooboobon
gobooboboobooboooboboboboobobooboboobooboobbooboo
goboooboooboobobobooboobobobooboboobooboobbooooon
goboooboobooboobboboboobobooboboobooboobbooboooo
0d0doodoboobOoooooooobobOoobOoobOoOooOoooboooooobooo
goooo

7. DOOOoOoO

00000dooooodooooooooDooooooooooooooooooooon
JoddooOoooooOoO0o0@mo0om@ooooooboooooboooDooDooOoOooo
0o00doooooooooooooooooooooooooooooooooooooog
00oooooooooooooooooooodoooooooooooooooooooo
0oodooodoooooooooooooooooooooooooonooooooon
0 000 O Zupanski, 1997; Ishikawa et al., 2001 [ 0000000000 00O0OOOOOOOO
0000000000000 00D0O0000O0MNOStammer et al., 200000 00000000
0o00ooooodooooooooooooooooooooooooooooooon
0000000 M Evensen and van Leeuwen, 2000L11 [0 0 00 00 Hoang et alll 199711 Zhu and
KamachiJ 2000l OO0 000000 DO0OO0O0DMOODOOOOODOOODMOOOOOOOO

00b00000O0DbOO000O0OO0bO0000bO0OO0DOO0DOD0bO00oDODOoDOOobOOoOobOoon
J0000000DO00000O00O0obOO0obOO0O0oDOO0oDO000o0oDOO0oDoDoDOOoooOooDoOooon



236 Oo00000 54000 200 2006

Jo0000DO000O00O0O0O00DbU00ObO00OO0O0O0DO0O0ODO00ODOO0ODOoODOOOn
0000000000000 DO0O0U Bennett et al., 1998; Lee et al., 2000; O O 0O 2005;
Sugiura et al., 2006 000000 MO O0O0O0O0O0O00OOOOO0OOOOODO0OOO0OOOOOO
000000000000 0bO0bO00D00D0obOO000o0oOD0oOoOoDOoDOoDOOoDbOoOn
00000000 o000 000bO0b0o0OD0o00o0o0o0ooDoobOOobOooooooon
J000O00o0D0bOO0Db0o0o0OO00O0bOO0b00OooOO0oDOooDOobO0O0ooODOOobDooOooOooOoon
J000000O0DO0000O00oO00ooD0obOO00o0oooOO0ooD0obO0ooo0OoDOooOobooon
oooDoDOoooooogoon
JO00000O0DO00o0O00O0bOO00ODOO0DODO0bO000DO0O0DO0O0oOOoDOOobODOoDOo
J0000DO000O00000ODO00DO00ODObO0O0DbDO0O0ODO0O0ObOOOO0DDOoODOOn
00DO0000o0bO0o0obO0@OobDo0oboobDooobOOooDoOooDoOoobOooDoOoooOon
0o0oOo0oOo0doooDoooooooooooooooooooooooooooooon
0000000000000 b0bO0b0bDOobODOobO0b0O0o0o0OoO0OobUObO Yamagata
et all 200400000000
0doo0doooooooooooooooooooooooooooooooooooo
gooooooDpOoOoOoOO TAO/TRITONDOOOOOOOOODOOOOODODDOOOOOO
000000000000 oodooooooooooooooooooooooaon
00000000000 oooooooooooooooooooooooooooon
000000000000 Ji and Leetmad] 19971 Behringer et alll 1998[11 Ji et all] 2000C]
Alves et all] 2001[1] Segschneider et al[1 2000 0 O 0020020 000 00O0OOOOOO
0000000000000 0000Db0Db0ObO0D0D0OD0O000O NOAATD National Oceanic
and Atmospheric Administration[I] U [0 O O Climate Diagnostics Bulletin 0 0 OO OO OO0
00ooooo0oo0ooodooooooooooooooooooooooooooooaon
0o00ooooooooooooooooooooooooooooooooooooon
Jo000O0bOO00000000oDOoDO0obO0o0oDO0DO0oDO0obOO0ObODOO0oDOooOoooOooOoon
00000000DO0DO00000O0DO0DOOO0oDOO0oDO0ObODODOO0ODOO0DOO0ODOOoOOoOooOOn
000000000000 Derber et alll 2006l 00000000

gooo

goboooooboooooooOoOoocOoobOoOooOobooOooobboOooobooOoooboboOoonoo
oobooOoobOoOoo0o0O0o0ob0o0oO0on RR2e0200000000000000000O0O0CO
uoboooobobooooobooOoooOoOoOoOoooOboOoOoooobOboOoobooOoOoOoOoooDooOoa
gobObooboooobOooooOoooooOoooooOooooooonoo

goooogn

Alves, J. O. S., Haines, K. and Anderson, D. L. T[J 200101 Sea level assimilation experiments in the
tropical Pacific, Journal of Physical Oceanography, 31, 305-323.

Behringer, D. W., Ji, M. and Leetmaa, A 199811 An improved coupled model for ENSO prediction
and implications for ocean initialization. Part I: The ocean data assimilation system, Monthly
Weather Review, 126, 1013-1021.

Bell, M. J., Forbes, R. M. and Hines, A[J 20001 Assessment of the FOAM global data assimilation

system for real-time operational ocean forecasting, Journal of Marine System, 24, 249-275.



oboooooooooboooOooooooooboboooooooo 237

Bell, M. J., Martin, M. J. and Nichols, N. K[ 20011 Assimilation of data into an ocean model with
systematic errors near the equator, Ocean Applications Technical Note, No. 27, UK Met Office,
Bracknell.

Bengtsson, L., Ghil, M. and Kallen, E[J ed.00 19810  Dynamic Meteorology: Data Assimilation Meth-
ods, Springer Verlag, New York.

Bennett, A. FO 19900 Inverse methods for assessing ship-of-opportunity networks and estimating cir-
culation and winds from tropical expendable bathythermograph data, Journal of Geophysical
Research, 95, 16111-16148.

Bennett, A. FO 1992001  Inverse Methods in Physical Oceanography, Cambridge University Press, Cam-
bridge.

Bennett, A. F[0 200200  Inverse Modeling of the Ocean and Atmosphere, Cambridge University Press,
Cambridge.

Bennett, A. F. and Miller, R. N.0O 19910 Weighting initial conditions in variational assimilation
schemes, Monthly Weather Review, 119, 1098-1102.

Bennett, A. F., Chua, B. S., Harrison, D. E. and McPhaden, M. J.J 19981 Generalized inversion
of tropical atmosphere-ocean data and a coupled model of the tropical Pacific, Journal of
Climate, 11, 1768-1792.

Blumenthal, M. B[O 19911 Predictability of a coupled ocean-atmosphere model, Journal of Climate,
4, 766—784.

Brasseur, P. P. and Nihoul, J. C. JO ed.00 199400  Data Assimilation: Tools for Modelling the Ocean
in a Global Change Perspective, Springer Verlag, New York.

Busalacchi, A. J.0 1996[1 Data assimilation in support of tropical ocean circulation, Modern Ap-
proaches to Data Assimilation in Ocean Modelingd ed. P. Malanotte-Rizzolil] 235-270, Else-
vier, Amsterdam.

Busalacchi, A. J. and Cane, M. A[J 1985[1 Hindcasts of sea level variations during the 1982-83 El
Nino, Journal of Physical Oceanography, 15, 213-221.

Cacuci, D. GO 20030  Sensitivity and Uncertainty Analysis, Vol. I00 Chapman & Hall/CRC, New
York.

Cacuci, D. G., Ionescu-Bujor, M. and Navon, I. M.OJ 20030 Sensitivity and Uncertainty Analysis,
Vol. II, Chapman & Hall/CRC, New York.

Cane, M. A., Kaplan, A., Miller, R. N., Tang, B., Hackert, E. C. and Busalacchi, A. JO 1996[1 Mapping
tropical Pacific sea level: Data assimilation via a reduced state space Kalman filter, Journal
of Geophysical Research, 101, 22599-22617.

Carton, J. A., Giese, B. S., Cao, X. and Miller, L.0 19961 Impact of altimeter, thermister, and
expendable bathythermograph data on retrospective analyses of the tropical Pacific Ocean,
Journal of Geophysical Research, 101, 14147-14159.

Carton, J. A., Chepurin, G. and Cao, X[J2000all A simple ocean data assimilation analysis of the
global upper ocean 1950-95. Part I: Methodology, Journal of Physical Oceanography, 30, 294—
309.

Carton, J. A., Chepurin, G. and Cao, X[J 2000bll A simple ocean data assimilation analysis of the
global upper ocean 1950-95. Part II: Results, Journal of Physical Oceanography, 30, 311-326.

Carton, J. A., Giese, B. S. and Grodsky, S. A0 2005[1 Sea level rise and the warming of the oceans in
the simple ocean data assimilatiorl] SODAocean reanalysis, Journal of Geophysical Research,
110, C09006, doi:10.1029/2004JC002817.

Chen, D., Cane, M. A., Zebiak, S. E. and Kaplan, A[J 199801 The impact of sea level data assimilation
on the Lamont model prediction of the 1997/98 El Nino, Geophysical Research Letters, 25,
2837-2840.



238 Oo00000 54000 200 2006

Chen, Y.-Q., Battisti, D. S., Palmer, T. N., Barsugli, J. and Sarachik, E. S.00 19970 A study of
the predictability of tropical Pacific SST in a coupled atmosphere/ocean model using singular
vector analysis: The role of the annual cycle and ENSO cycle, Monthly Weather Review, 125,
831-845.

Chepurin, G. A. and Carton, J. A[J 1999[1 Comparison of retrospective analyses of the global ocean
heat content, Dynamics of Atmospheres and Oceans, 29, 119-145.

Chin, T. M., Mariano, A. J. and Chassignet, E. P[] 19991 Spatial regression and multiscale approx-
imations for sequential data assimilation in ocean model, Journal of Geophysical Research,
104, 7991-8014.

Cooper, M[J 198801 The effect of salinity in tropical ocean model, Journal of Physical Oceanography,
18, 697-707.

Cooper, M. and Haines, K[ 19961 Altimetric assimilation with water property conservation, Journal
of Geophysical Research, 101, 14147-14159.

Courtier, P., Derber, J., Errico, R., Louis, J.-F. and Vukicevic, T.J 19931 Important literature on
the use of adjoint, variational methods and the Kalman filter in meteorology, Tellus, 45A,
342-357.

Courtier, P., Thepaut, J.-N. and Hollingsworth, A[J 1994[1 A strategy for operational implementation
of 4D-Var, using an incremental approach, Quarterly Journal of the Royal Meteorological
Society, 120, 1367—1387.

Courtier, P., Busalacchi, A., Gauthier, P., Ghil, M., Holligsworth, A., Ide, K., Kamachi, M., O’Brien,
J., O’Neil, A., Planton, S. and Steenbergen, D.0J ed.00 2000C1  Proceedings of the Third In-
ternational Symposium on Assimilation of Observations in Meteorology and Oceanography,
WMO Technical Document, WMO/TD-No. 986, World Meteorological Organization, Geneva.

Daley, RO 199100  Atmospheric Data Analysis, Cambridge University Press, Cambridge.

De Mey, P[J1997[1 Data assimilation at the oceanic mesoscale: A review, Journal of Meteorological
Society of Japan, 75, 415—427.

Derber, J. D. and Rosati, A 19891 A global oceanic data assimilation system, Journal of Physical
Oceanography, 19, 1333-1347.

Derber, J. D., McLaughlin, D., O’Neil, A. and Kamachi, M. 20061 Opportunities for enhanced
collaboration within the data assimilation community, Quarterly Journal of the Royal Mete-
orological Society, 131, 3683—-3693.

Durand, F., Gourdeau, L., Delcroix, T. and Verron, JIJ 20031 Can we improve the representation of
modeled ocean mixed layer by assimilating surface-only satellite-derived data? A case study
for the tropical Pacific during the 1997-1998 El Nino, Journal of Geophysical Research, 108,
3200, doi:10.1029,/2002JC001603.

Eckert, C.0 19990 On predictability limits of ENSO. A study performed with a simplified model
of the tropical Pacific ocean-atmosphere system, Report, No. 55, Max Planck Institute fur
Meteorologie, Hamburg.

Evensen, G.00 1994[1 Sequential data assimilation with a nonlinear quasi-geostrophic model using
Monte Carlo methods to forecast error statistics, Journal of Geophysical Research, 99, 10143~
10162.

Evensen, G. and van Leeuwen, P. J[1 20001 An ensemble Kalman smoother for nonlinear dynamics,
Monthly Weather Review, 128, 1852—1867.

Fan, Y., Allen, M. R., Anderson, D. L. T. and Balmaseda, M. A0 20001 How predictability depends
on the nature of uncertainty in initial conditions in a coupled model of ENSO, Journal of
Climate, 13, 3298-3313.

Fisher, M. and Latif, M 19951 Assimilation of temperature and sea level observations into a prim-



oboooooooooboooOooooooooboboooooooo 239

itive equation model of the tropical Pacific, Journal of Marine System, 6, 31-46.

Fisher, M., Latif, M., Flugel, M. and Ji, M.0 1997001 The impact of data assimilation on ENSO
simulations and predictions, Monthly Weather Review, 125, 819-829.

Flemming, N. CO 1999001 Dividends from investing in ocean observations: A European perspective,
Proceedings of the International Conference on the Ocean Observing System for Climate,
Solicited Papers, Vol. 10 429-447.

Fu, L.-L., Vazquez, J. and Perigaud, C.0 19911 Fitting dynamic models to the Geosat sea level
observations in the tropical Pacific Ocean. Part I: A free wave model, Journal of Physical
Oceanography, 21, 798-809.

Fu, L.-L., Fukumori, I. and Miller, R. N.IO 19931 Fitting dynamic models to the Geosat sea level
observations in the tropical Pacific Ocean. Part II: A linear, wind-driven model, Journal of
Physical Oceanography, 23, 2162-2181.

Fujii, Y. and Kamachi, M.0J 2003[1 Three dimensional analysis of temperature and salinity in the
equatorial Pacific using a variational method with vertical coupled temperature-Salinity em-
pirical orthogonal function modes, Journal of Geophysical Research, 108 C9[] 3297, doi:
10.1029/2002JC001745.

Fukumori, 1[0 199500 Assimilation of TOPEX sea level measurements with a reduced-gravity, shallow
water model of the tropical Pacific ocean, Journal of Geophysical Research, 100, 25027-25039.

Fukumori, I[J 20011 Data assimilation by models, Satellite Altimetry and Earth Scienced] eds. L.-L.
Fu and A. Cazenavel], 237-265, Academic Press, San Diego.

Fukumori, I. and Malanotte-Rizzoli, P[] 1995[1 An approximate Kalman filter for ocean data assim-
ilation: An example with an idealized Gulf stream model, Journal of Geophysical Research,
100, 6777-6793.

Fukumori, I., Raghunath, R., Fu, L.-L. and Chao, Y 1999[1 Assimilation of TOPEX/POSEIDON
altimeter data into a global ocean circulation model: How good are the results?, Journal of
Geophysical Research, 104, 25647-25655.

Fukumori, I., Lee, T., Cheng, B. and Menemenlis, D[] 20041 The origin, pathway, and destination
of Nino-3 water estimated by a simulated passive tracer and its adjoint, Journal of Physical
Oceanography, 34, 582-604.

Galanti, E. and Tziperman, E[] 20031 A midlatitude-ENSO teleconnection mechanism via Baroclin-
ically unstable long Rossby waves, Journal of Physical Oceanography, 33, 1877—1888.
Galanti, E., Tziperman, E., Harrison, M. and Rosati, A.J 20021 The equatorial thermocline out-
cropping. A seasonal control on the tropical Pacific Ocean-Atmosphere instability strength,

Journal of Climate, 15, 2721-2739.

Ghil, M. and Malanotte-Rizzoli, P[] 19911 Data assimilation in meteorology and oceanography, Ad-
vances in Geophysics, 33, 141-266.

Ghil, M., Ide, K., Bennett, A., Courtier, P., Kimoto, M., Nagata, M., Saiki, M. and Sato, N.J ed.[]

0199701 Data assimilation in meteorology and oceanography: Theory and practice, Journal
of Meteorological Society of Japan, 75, 111-496.

Golub, G. H. and Van Loan, C. F[J 19961 Matriz Computations, 3rd ed., The Johns Hopkins Uni-
versity Press, Baltimore, Maryland.

Griffies, S. M., Boning, C., Bryan, F. O., Chassignet, E. P., Gerdes, R., Hasumi, H., Hirst, A., Treguier,
A.-M. and Webb, D[ 20001 Developments in ocean climate modeling, Ocean Modeling, 2,
123-192.

Guordeau, L., Verron, J., Delcroix, T., Busalacchi, A. J. and Murtugudde, R[] 20001  Assimilation of
TOPEX /Poseidon altimetric data in a primitive equation model of the tropical Pacific Ocean
during the 1992-1996 El Nino—Southern Oscillation period, Journal of Geophysical Research,



240 Oo00000 54000 200 2006

105, 8473-8488.

Hao, Z. and Ghil, M. 1994[1 Data assimilation in a simple tropical ocean model with wind stress
errors, Journal of Physical Oceanography, 24, 2111-2128.

00000000000 0D0bObO00Od20050 O0OOO0OOOOODOOOOODOOOOODOOOOO
0000000000000 00bO0bO0DODO000000DOO0oDO0ooOOoooDOoDOoooDoOon
godboooooobobo0oobOobOobOooOUbDUObUoboUobUobooboog 6O
goo0ooobdize-127, J000000DO0ODOOODOOO

Hoang, H. S., Baraille, R., Talagrand, O., Carton, X. and De Mey, P.L0 19971 Adaptive filtering;:
Application to assimilation of satellite data assimilation in oceanography, Dynamics of Atmo-
spheres and Oceans, 27, 257-281.

gooooboobom20020 ODOOO0OOOODOOODOOODODOODODM300bOODOOoDOoOobDOoDO
go0ooors-82, J0000OoOoOooOoDd

go0ooobooobObO000ooOoboooooobobobOoUoO20050 ODOoODooobDDbDObOOOO
OMRILCOMMOOOOODOODODODOOD47000000000O0ODOO

Ishikawa, Y., Awaji, T. and Komori, N[J 20010 Dynamical initialization for the numerical forecast-
ing of ocean surface circulations using a variational assimilation system, Journal of Physical
Oceanography, 31, 75-93.

Ishizaki, S., Yasuda, T., Fujii, Y., Usui, N. and Kamachi, M 200600 Global temperature and salinity
reanalysis experiment using MRI Multivariate Ocean Variational Estimatiorl] MOVE[Bystem,
WMO Technical Document, WMO, Genevel in press[]

Ji, M. and Leetmaa, A.J 199701 Impact of data assimilation on ocean initialization and El Nino
prediction, Monthly Weather Review, 125, 742-753.

Ji, M., Leetma, A. and Derber, J.00 19951 An ocean analysis system for seasonal to interannual
climate studies, Monthly Weather Review, 123, 460-481.

Ji, M., Behringer, D. W. and Leetmaa, A1 199811 An improved coupled model for ENSO prediction
and implications for ocean initialization, Monthly Weather Review, 126, 1022—1034.

Ji, M., Reynolds, R. W. and Behringer, D[] 20001 Use of TOPEX /Poseidon sea level data for ocean
analyses and ENSO prediction: Some early results, Journal of Climate, 13, 216-231.
Johnson, S. D., Battisti, D. S. and Sarachik, E. S0 2000l Empirically derived Markov models and

prediction of tropical Pacific sea surface temperature anomalies, Journal of Climate, 13, 3—17.

Kalnay, E[J 200300  Atmospheric Modeling, Data Assimilation and Predictability, Cambridge Univer-
sity Press, Cambridge.

godo0of19940 OODOOODOOOOOOODODOODOOOOOOOOODOL8, 440-451.

Kamachi, M. and O’Brien, J. JO 1995L1 Continuous data assimilation of drifting buoy trajectory into
an equatorial Pacific Ocean model, Journal of Marine System, 6, 159-178.

Kamachi, M., Fujii, Y. and Zhou, X[J 2002[1 Ocean data assimilation in the tropical Pacific: A short
survey, Journal of Oceanography, 58, 45-55.

Kleeman, R., Moore, A. M. and Smith, N. R 1995[1 Assimilation of subsurface thermal data into a
simple ocean model for the initialization of an intermediate tropical coupled ocean-atmosphere
forecast model, Monthly Weather Review, 123, 3103-3113.

Kuragano, T. and Kamachi, M.[0 20001 Global statistical space-time scales of oceanic variability
estimated from the TOPEX/POSEIDON altimeter data, Journal of Geophysical Research,
105, 955-974.

Le Provost, C., Bell, M., Chassignet, E., Cummings, J., Fukumori, I., Hurlburt, H. and Kamachi,
M.O 200200 Assessment and testing of GODAE products, Proceedings of the International
Symposium “En route to GODAE”, 61-67.

Lee, T., Boulanger, J.-P., Fu, L.-L., Foo, A. and Giering, R 20001 Data assimilation by a simple



oboooooooooboooOooooooooboboooooooo 241

coupled ocean-atmosphere model: Application to 1997-1998 El Nino, Journal of Geophysical
Research, 105, 26063-26087.

Leetmaa, A. and Ji, M 19891 Operational hindcasting of the tropical Pacific, Dynamics of Atmo-
spheres and Oceans, 13, 465—490.

Long, R. B. and Thacker, W. C[J] 1989all Data assimilation into a numerical equatorial ocean model.
I. The model and the assimilation algorithm, Dynamics of Atmospheres and Oceans, 13, 379~
412.

Long, R. B. and Thacker, W. C0 1989bll Data assimilation into a numerical equatorial ocean model.
II. Assimilation experiments, Dynamics of Atmospheres and Oceans, 13, 413—439.

Malanotte-Rizzoli, P.0 ed.l0 19961 Modern Approaches to Data Assimilation in Ocean Modeling,
Elsevier, Amsterdam.

Malanotte-Rizzoli, P. and Tziperman, E.[0 19961 The oceanographic data assimilation problem:
Overview, motivation and purposes, Modern Approaches to Data Assimilation in Ocean Mod-
eling] ed. P. Malanotte-Rizzolil] 3-17, Elsevier, Amsterdam.

Maes, C[J 19981 Estimating the influence of salinity on sea level anomaly in the ocean, Geophysical
Research Letters, 25, 3551-3554.

Maes, C 1999[1 A note on the vertical scales of temperature and salinity on sea level anomaly in
the ocean, Journal of Geophysical Research, 104, 11037-11048.

Maes, C. and Behringer, D.[J 2000l1 Using satellite-derived sea level and temperature profiles for
determining the salinity variability, Journal of Geophysical Research, 105, 8537-8548.

Maes, C., Behringer, D., Reynolds, R. W. and Ji, M[J 20001 Retrospective analysis of the salinity
variability in the western tropical Pacific Ocean using an indirect minimization approach,
Journal of Atmospheric and Oceanic Technology, 17, 512-524.

Masuda, S., Awaji, T., Sugiura, N., Ishikawa, Y., Baba, K., Horiuchi, K. and Komori, N.OO 20031
Improved estimates of the dynamical state of the North Pacific Ocean from a 4 dimensional
variational data assimilation, Geophysical Research Letters, 30 16[1] 1868, doi:10.1029/2003
GLO017604.

Meinen, C. S. and McPhaden, M. J.00 20001 Observations of warm water volume changes in the
Equatorial Pacific and their relationship to El Nino and La Nina, Journal of Climate, 13,
3551-3559.

Menemenlis, D. and Chechelnitsky, MO 20001 Error estimates for an ocean general circulation model
from altimeter and acoustic tomography data, Monthly Weather Review, 128, 763-778.

Menemenlis, D., Fieguth, P., Wunsch, C. and Willsky, A1 19971 Adaptation of a fast optimal inter-
polation algorithm to the mapping of oceanographic data, Journal of Geophysical Research,
102, 10573-10584.

Miller, R. N. and Cane, M. A[J1989[1 A Kalman filter analysis of sea level height in the tropical
Pacific, Journal of Physical Oceanography, 19, 773-790.

Miller, R. N. and Cane, M. A[] 19961 Tropical data assimilation: Theoretical aspects, Modern Ap-
proaches to Data Assimilation in Ocean Modelingd ed. P. Malanotte-Rizzolil] 207-233, Else-
vier, Amsterdam.

Miller, R. N., Busalacchi, A. J. and Hackert, E. C.J 1995[1 Sea surface topography fields of the
tropical Pacific from data assimilation, Journal of Geophysical Research, 100, 13389—13425.

Mooers, C. N. K.[O 20001 Operational oceanography: Shall we dance?, FOS AGU Transactions,
March 14, 115-116.

Moore, A. M.[O 19891 Aspects of geostrophic adjustment during tropical ocean data assimilation,
Journal of Physical Oceanography, 19, 435—461.

Moore, A. M[J 1990[1 Linear equatorial wave mode initialization in a model of the tropical Pacific



242 Oo00000 54000 200 2006

Ocean: An initialization scheme for tropical ocean models, Journal of Physical Oceanography,
20, 423-445.

Moore, A. M. and Anderson, D. L. T 19891 The assimilation of XBT data into a layer model of
the tropical Pacific Ocean, Dynamics of Atmospheres and Oceans, 13, 441-464.

Moore, A. M. and Kleeman, R[J 19961 The dynamics of error growth and predictability in a coupled
model of ENSO, Quarterly Journal of the Royal Meteorological Society, 122, 1405-1446.

Moore, A. M. and Kleeman, R 1997all The singular vectors of a coupled ocean-atmosphere model
of ENSO. Part I: Thermodynamics, energetics and error growth, Quarterly Journal of the
Royal Meteorological Society, 123, 953-981.

Moore, A. M. and Kleeman, R[J 1997b[l The singular vectors of a coupled ocean-atmosphere model
of ENSO. Part II: Sensitivity studies and dynamical significance, Quarterly Journal of the
Royal Meteorological Society, 123, 983-1006.

Moore, A. M., Vialard, J., Weaver, A. T., Anderson, D. T. L., Kleeman, R. and Johnson, R 20031
The role of air-sea interaction in controlling the optimal perturbations of low-frequency tropical
coupled ocean-atmosphere models, Journal of Climate, 16, 951-968.

Morss, R. E. and Battisti, D. S.0 20041 Evaluating observing requirements for ENSO prediction:
Experiments with an intermediate coupled model, Journal of Climate, 17, 3057-3073.
JOod0O0O0o0oO0obOO0OobDODbOOd20050 ODOODOOOOOODOOOOOODDOOOOOOOOOSS,

211-229.

OCEANOBS99] 199901 Ocean observing system for climate, Proceedings of the International Con-
ference on the Ocean Observing System for Climate, Solicited Papers, Vol. 1.

Philander, S. GO 19901 El Nino, La Nina, and the Southern Oscillation, Academic Press, San Diego,
California.

Rosati, A., Gudgel, R. and Miyakoda, K. 199601 Global ocean data assimilation system, Modern
Approaches to Data Assimilation in Ocean Modelingll ed. P. Malanotte-Rizzolil] 181-203,
Elsevier, Amsterdam.

Rosati, A., Miyakoda, K. and Gudgel, R[] 199700 The impact of ocean initial conditions on ENSO
forecasting with a couple model, Monthly Weather Review, 125, 754-772.

Segschneider, J., Anderson, D. L. T. and Stockdale, T. N[ 20001 Towards the use of altimetry for
operational seasonal forecasting, ECMWEF Technical Memorandum, No. 303.

Segschneider, J., Anderson, D. L. T., Vialard, J., Balmaseda, M., Stockdale, T. N., Troccoli, A. and
Haines, K[J 20011 Initialization of seasonal forecasts assimilating sea level and temperature
observations, Journal of Climate, 14, 4292-4307.

Sheinbaum, J. and Anderson, D. L. T 1990all Variational assimilation of XBT data. Part I, Journal
of Physical Oceanography, 20, 672-688.

Sheinbaum, J. and Anderson, D. L. T[J 1990b[l Variational assimilation of XBT data. Part II: Sen-
sitivity studies and use of smoothing constraints, Journal of Physical Oceanography, 20, 689—
704.

Sirkes, Z., Tziperman, E. and Thacker, W. C 19961 Combining data and a global primitive equa-
tion ocean general circulation model using the adjoint method, Modern Approaches to Data
Assimilation in Ocean Modelingl ed. P. Malanotte-Rizzolil] 119-145, Elsevier, Amsterdam.

Smedstadt, O. M. and O’Brien, J. JIJ 19911 Variational data assimilation and parameter estimation
in an equatorial Pacific ocean model, Progress in Oceanography, 26, 179-241.

Stammer, D., Davis, R., Fu, L.-L., Fukumori, I., Gierling, R., Lee, T., Marotzke, J., Marshall, J.,
Menemenlis, D., Niiler, P., Wunsch, C. and Zlotnicki, V.0 20001 Ocean state estimation in
support of CLIVAR and GODAE, Clivar Exzchange, 5, 3-5 & 15.

Sugiura, N., Awaji, T., Masuda, S., Ishida, N., Miyama, T., Mochizuki, T., Igarashi, H., Ishikawa,



oboooooooooboooOooooooooboboooooooo 243

Y., Komori, N., Horiuchi, K., Nakamura, T., Sasaki, Y. and Toyoda, T.[0 20061 Improved
estimates of climatological seasonal change from a 4D-Var coupled data assimilation, WMO
Technical Document, Geneve, Swisd] in press[1]

Syu, H.-H. and Neelin, J. D.00 200001 ENSO in a hybrid coupled model. Part II: Prediction with
piggyback data assimilation, Climate Dynamics, 16, 35—48.

Talagrand, OO 1998[1 A posteriori evaluation and verification of analysis and assimilation algorithms,
Proceedings of ECMWEF Workshop on Diagnosis of Data Assimilation System, Reading, 17—
28, World Meteorological Organization, Geneva.

Tang, Y. and Hsieh, W. W 20031 ENSO simulation and prediction in a hybrid coupled model with
data assimilation, Journal of the Meteorological Society of Japan, 81, 1-19.

Thompson, C. JO 199800 Initial conditions for optimal growth in a coupled ocean-atmosphere model
of ENSO, Journal of the Atmospheric Sciences, 55, 537-557.

gobodoOowedmobdooooobobmooooooooboon

Troccoli, A. and Haines, K[ 19991 Use of the temperature-salinity relation in a data assimilation
context, Journal of Atmospheric and Oceanic Technology, 16, 2011-2025.

gpoO019970 O 5000000000000 0DOO0O0ODOOOOODO L¥OOOOOOOOOOO
O0Mmoob0o Oomi2-165, 00 000O0O0O0OOO

Usui, N., Fujii, Y., Ishizaki, S., Tsujino, H., Yasuda, T. and Kamachi, M.[J 20061 Introduction of
the Meteorological Research Institute Multi-Variate Ocean Variational Estimation System

0 MOVE-Systeml[] Journal of the Advanced Space Researchl] in press[1]

Verron, J., Gourdeau, L., Pham, D. T., Murtugudde, R. and Busalacchi, A. JI 199901 An extended
Kalman filter to assimilate satellite altimeter data into a nonlinear numerical model of the
tropical Pacific Ocean: Method and validation, Journal of Geophysical Research, 104, 5441~
5458.

Vossepoel, F. CL 19991 Sea-level data assimilation for estimating salinity variability in the Tropical
Pacific, Ph.D. Thesis, Delft Institute for Earth-Oriented Space Research, Delft University
Press, Delft, Holland.

Vossepoel, F. C. and Behringer, DJ 20001 Impact of sea level assimilation on salinity variability in
the western equatorial Pacific, Journal of Physical Oceanography, 30, 1706-1721.

Vossepoel, F. C., Reynolds, R. W. and Miller, LIJ 1999[1 Use of the sea level observations to estimate
salinity variability in the tropical Pacific, Journal of Atmospheric and Oceanic Technology,
16, 1401-1415.

Wang, G., Kleeman, R., Smith, N. and Tseitkin, F[] 200201 The BMRC coupled general circulation
model ENSO forecast system, Monthly Weather Review, 130, 975-991.

Wenzel, M., Scroter, J. and Olbers, D] 20011 The annual cycle of the global ocean circulation as
determined by 4DVAR data assimilation, Progress in Oceanography, 48, 73-119.

Woodgate, R. A.J 199701 Can we assimilate temperature data alone into a full equation of state
model?, Ocean Modelling, 114, 4-5.

Wunsch, CO 199601  The Ocean Clirculation Inverse Problem, Cambridge University Press, New York.

Xue, Y., Cane, M. A., Zebiak, S. E. and Blumenthal, M. B 199400 On the prediction of ENSO: A
study with a low order Markov model, Tellus, 46 A, 512-528.

Xue, Y., Cane, M. A. and Zebiak, S. E[J 1997all Predictability of a coupled model of ENSO using
singular vector analysis. Part I: Optimal growth in seasonal background and ENSO cycle,
Monthly Weather Review, 125, 2043-2056.

Xue, Y., Cane, M. A. and Zebiak, S. EJ 1997bl Predictability of a coupled model of ENSO using
singular vector analysis. Part II: Optimal growth and forecast skill, Monthly Weather Review,
125, 2057-2073.



244 Oo00000 54000 200 2006

Xue, Y., Leetmaa, A. and Ji, M 20001 ENSO prediction with Markov models: The impact of sea
level, Journal of Climate, 13, 849-871.

Yamagata, T., Behera, S. K., Luo, J.-J., Masson, S., Jury, M. R. and Rao, S. A.00 20041 Coupled
ocean-atmosphere variability in the tropical Indian Ocean, FEarth’s Climate: The Ocean-
Atmosphere Interaction, Geophysical Monograph Series, Vol. 147, American Geophysical
Union, Washington D.C.

Zebiak, S. E. and Cane, M. A.J 19870 A model El Nino-Southern Oscillation, Monthly Weather
Review, 115, 2262-2278.

Zhu, J. and Kamachi, MO 20001 An adaptive variational method for data assimilation with imperfect
models, Tellus, 52A, 265—279.

Zhu, J., Kamachi, M. and Wang, D 20021 Estimation of air-sea heat flux by variational assimilation
of oceanic data: A study based on simulated data and a Mellor-Yamada mixed layer model,
Journal of Geophysical Research, 107 C1000 3159, doi:10.1029/2001JC000995.

Zupanski, DIJ 19971 A general weak constraint applicable to operational 4DVAR data assimilation
systems, Monthly Weather Review, 125, 2274—-2292.



Proceedings of the Institute of Statistical Mathematics Vol. 54, No. 2, 223-245 (2006) 245

Recent Progress in Ocean Data Assimilation on Climate

in Tropical Pacific

Masafumi Kamachi', Yosuke Fujii', Shirou Ishizaki?, Satoshi Matsumoto®,

Toshiya Nakano! and Tamaki Yasuda3

LOceanographic Research Department, Meteorological Research Institute
2Global Environment and Marine Department, Japan Meteorological Agency
3Climate Research Department, Meteorological Research Institute

This review article presents several research developments in ocean data assimilation
in the tropical Pacific, primarily regarding climate-scale phenomena. Aspects of ocean
state estimation, reduced space techniques, theoretical error estimations, diagnostics and
estimation of observing system are also briefly reported.
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