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TuIT 7o - EHEOBHNT - A2HOVT, 200941 A5 7T Aok 5 =
PErh oK (WCRD) &dtimErg s oEKilts (WCR2) DSMEMIE & KR %~
too 2 DOBEKIE, 1ZE[E CRHHO 2007 4 2 A i RiEiFiis o VIR s iz, WCRL &
WCR2 &, W bESKEHIROBEEEEERED, SEERCHIKT 2 &, BRI
Pl kN CEREE O RWROKEEL, BEKEBEKOEEERREAL AV, #
DOUHGKEENEZFH T AER, WCR1 ORAHIZB X £ 20~50%, WCR2 13 80%L. ETH 0,
ARG HO R WSRO KDH LTV B WCR2 D5H, A D#KMZEE
LTW3 T EAERES NI, BIIEMEE L b, BSOSV 2H0T7 VT 7
o— M — 5 EAMEIR T — 2 2 VT, WCR1 ik o BRI L % # -~ 7,
TN D KR (B S R A L2 /R U, O AHEEIC & 5 1 2 (KRR O BlLER D IKA3,
P WEEEIE, H o8 H OO R TWHEINISIRANANEA L TO 2 TA S IS 15 - 72,
RO HEKIZIRA TSRO KANEG LT WD I2WH, /INEVWR T — VTR T 3iEEFH» 5

DFFHRDOIKOEAD, MNOHKEEDOERTH 5 T &2k L7,

F—— K BEKE, TATTE— b, RAKE

1. [FL®HIC

ZREmoRAKIERITE, U1 R O i
o & FEREER OB & D EE L, ko Fis % K
PRI L TW3 (Yasuda, 2003), Z DI,
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Heii s o Uk S e Bk LIZ LId A o h, BK
L & Bkt o B ERAS Bl s hTnw s (F)
Z1E Kawai, 1972 ; &, 1974 ; Yasuda et al., 1992), *
7o, IRGKREFEE @G TH O, FrICBEKE O S
CRHY=Rh VA, A7 VIS EDHIENER SN B
7% (2 1E Sugimoto and Tameishi, 1992), /Kl
DR DAL A 2 BE S 5 C & 3G OEE L
Brillics > TEETH %,

A AR oI, MBIk -
TREO U SN 3 ILRFEREKMBIRS LTV S
(Reid, 1965), dbASFEEEHEKIE, BEEKBETER S 11,
HAGERRICIDHAFHRICLCEIN TV S
(Talley, 1993), di#FIEIC TEEIL L 7o WAL REE
g7k i I X - GEIEN, (RE7KIECRIE SRR
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DKEREEGT 25T LIk D FOEELL, #rLwIERFE
FEdEk & L THiBvEE I s hTwvw 3 (Talley,
1993; Yasuda et al., 1996), EA&/KIBOBEKIGIZ, #Hr
L WAL EIK D IR 4 78 B 5% D 7K D B J7 i
% (Shimizu et al, 2003) & OhfE/K EH L whg
KEDIRSE GEK, 2006) 1I2ZF5 LTk, MAdEo
HhE/K DRk & MERpIC B SR R E| 240 > TV 5,

Bkitid, =L ERRO HARFEE TE— T 45 v v
7 HFEAIT O T3, Wi Icin - Tlbd L < iddbsRA
BT 218 H D, #HiEX D HOWEHTIE, HNBE)
I AR H 5 (Kitano, 1975; g, 1997, Ml Td
PUABENG, BHEe 2 v —asBRL, —4, =PEdE
B OIS, BRI X 28E820HP, FEoi
Nick 3 “pseudo B effect” & DEHEMNEZ LN TW
% (% H 51986 ; Yasuda et al., 2000 ; Itoh and
Sugimoto, 2001), #xiT, Itoh and Yasuda (2010a) (3,
RS AT — 2 VT, RE/KE® 2 0 Hl
TS D RS O ZE [ 3 A 3 & OMRIRFRE it £ 5
FEOWEHSPIT U, 120 ofERICE NI, BElkiinm
fholtMowEs L CHAE#RE TE - LT+ v Wi
FDWVOMEIC I, RIBOKREVBIKRNEZC Roh,
AL oM i8££ I~5ems ' DS Tl AN, —
¥, WERV ORI B LT 1~2cms ! TILE X ICEE)
LTW3,

CO &S ICBRIKMOEENBIS 20921, InETE
irbnTE e, BoKilO KRB 2 R 344
FTLEITHTEEBV, TNE, ERDOIMIP RS REMN
T3, R T ok & s BB 2 Kl & 43
HABENTERVI ENERERE LTHEF SN D,
A, 7T 7o — MBI FREIC K - T, KeZER
ISR E RIS ENE oK, WD T -5 %2is e
TX 5 L9127 > 7 (Argo Science Team, 2001), Itoh
and Yasuda (2010b) &, #EBNT—5 LT VvT 70—
b B L OO T — 5 & W, BE/KIE S PEER R
Fmic B 5 @K ER O LGN, FEI
EREE O K EEGCERKEO SSKEER E, KRGO
KEEGCHKMEOEZITIERD 2 5D 4 14 7T %
TEEBASMIC LT, 61T, HAMEETE - LF v v
TSI > TH S 2 U & i g 1R, &
DO IR &3 OMEMEZY] ST LTV 5,

S =p

Itoh et al. (2011 (&, JbiERGHFOBEKIIC 1 4F
PIEfiEshic 2507 VT 70— Mok 287 — %
T L, BRI ORI & i /Ker i O R b &Rl L
TWd, 5 1E, HKNSERESEDKEEA T 1K
WobE (k% 2660,&0 L@ iIcBLWT, £FiC
FET DEVIEAEOREIC L 0 BEREE 0L & iEK
OEBMPIEE TSI EER LT, S6IT, —HEAE2®BL
T EFHELEOWTBICB VLTI, BN OEEE OB
FENEALT MM H B T &R L, BEKEIKMH I X
DRAEYSY v L TOAAHEEEfER L 72,

CokHTT T 7o — MEINT LD, BBAKEOMSE
LA ITH T 2 R HE A DD B 5 A3, [E]RFIC 52
15 5 I8 53 4 5 BKi O KRR Ic > W T, BEK
LK DREH (Talley et al., 1995; Shimizu et al.,
2001) ZRHWTHE LR ITbhThinn, iz,
W2 /kim ORZE(LICBA L T, Ttoh et al. (2011) »3dk
HRE P B D 8 2 FENTARIT L TV 208, BElGERD &
Ul = N7z © @ = REM O BRI KR % T 7 TFE I 1T W0,
ZITAETIE, 7T 70— BLOHEDERT —
g & HWT, Z=PErh & b s b o s [ R R
SNEBBKEICERL, 2 >0BKBOME#EL LU
K2 g4 2, KR SRS T T CIRALAEN
W3 ik, wKEEOEVEEERNIIRT, &5
I, B 2 H oE RS RO 7ov 37 a — ST —
5 ZHWT, ZREMBREKE O KR Z L ZRld L,
WK DA E IR A T < B,

AfECR2EOT VI 70— MEHIF— 2 2 FicfH
45, choorraryo— @G 2HTH
v, EBEOTNVIT7o—FOBRAHTS 2 10 0
(Argo Science Team, 2001) (TthRTH <, BEKED
B E L i BT 2 2 EnTx 3 L e
5, 2B07 T 7 m— M, 2009 4F 1 JICiE&/KIEIC
[FIRF IR A SN, 20094E6, 7H F CBIl AR T2, 7
o — b O & BRI O i S E 5 A & Fig. 1
IZRd FAPic e~ EESE S <, U HEfD
38°N, 146°E fifir & 41°N, 14T°E fhficAhonsd, K
Ecld, cho 2 >olEKiicEH L, —kEholEK
%% Warm Core Ringl (WCR1), dtig&rd sEih oz
7Kl % Warm Core Ring2 (WCR2) &WESZ &9 5,

MO T Th b, 2HITEHEM L
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Fig. 1. Distribution of mean sea surface height (cm)
during January to July 2009. Red and blue lines
with circles and squares show observation points
and trajectories of Float A and Float B, respec-
tively. Star symbol shows deployment point of the
floats. Black circles indicate observation point of

Argo floats used for vertical sections of eddy in
Figs.4 and 5.

F— 5 EZHNT B, 31HITRE, 2 >0BKEOKE%E
sl L, 3.2fficid, FIHCEZ 24 RCOT VT 70—
M 7 — 2 Z2HWT, WCR1 & WCR2 @ #E W
MAEERR L, o i &kt s o, =B &t
HREFA R DI D 21T o 3.3 i Tid, WCRL Dify
N & AR & [alis 1o e LRI L 72 2 &5 0 SR )
fREET VT 7 o — N T -2 2 VT, WCR1 OFf
73 kG & KR ORI L2 R, 34 EITIE, R
fitic & 2 WCR1 o EEMENIKE R A2 H v <, WCR1 @~
V7T 4y 7 REEMIE AR T 5, 48T, AR
RO E EDETI,

2. F—HLuE

AR CEICHER L7 v 7 a— M — 4 13,
World Meteorological Organization ID (WMO ID)
2900959 (LI'F7 v — bt A RS & WMO ID 2900960

LIF7a—FBEFESR) OF—5THD, COT—4
FHBEFRBRBEO T VT IV — 7D = TH 4 b
(http://www.jamstec.go.jp/ARGO/argo_web/argo/
index.html) 22 SHE L7z 7a— 1+ A, B 3 2009 4E
1H 27T HiclEF i ASN, To%7a— bk Al 2009
FETH2THZET, 79— Bi32009%6 H20HZF T
B L2 Fig. Do Tho5o7 T 70—~ OBEHE
ME2HTH B, THIIMAT, 200941 H~T7 HoH
fiic WCR1, 2 ofhkcitbhicd XTO7 VT 70—
M X 27— 2HEH Lo Huicr—213, &E
EEAS NI R EET VT 7o - F -5y b
(Oka et al., 2007) T&H 5,

TNHITTE— DT —F51F, BLE 200dbar LIKT
13 5~10 dbar k%, 200~1000 dbar T & 10~25 dbar
i f@, 1000 dbar LA_EC (& 50~100 dbar R FE ThRlEE X
nNTWws, 9, Kig, 9y, EOroRT vy vV
BEAGEL, BESEMLI > TVWEF— 7 E2KR0is,
FEREWHEOME A, Ohno et al. (2009) & EIEED
HikERWiz, ZojkTcd, 7T 7 e — o CTD
£ v —DOIKiE & OFHIREEE OKiE (3 0.005°C, &
5713 0.01 (Argo Science Team, 2001)) 7 5 % B itz
DRI ZZE L, $hiEcfiEEd 2 BUIZERE IC B 1 2%
753 0.016 kgm * A THEAKE C > TV BEAE,
TD2oORZICBE T BKiE, T -5 ZRVi
DREIC & - T, HLEET -5 DBk 2%HRE
SNtc, Fi, WEUIREOREIC X > THESENICH
W7 — 7 DRHERTIRZ A TRE KT 28501, <
DFa T ANVEMH LS - T, FEREREE,
300 dbar LA < 30 dbar, 300~1000 dbar < 100 dbar,
1000 dbar LI 300 dbar & U 7z, wifizfg O MIE AT -
fotk, K, 5y, BT vV v VEED T — 5 % 5dbar
BLV0.020HFICHRIEANREL 72, A TR, 863
o7 A VEMEHAL (Fig. 1th, BEiED,

OB E AR T 5709, 2007~2009 40 LR O fr
BENC X 2iHKR & @HmED 7 — 5 2V, i
MK T — 713 Aqua s IcBB I B EH
e~ 1 7 a it (AMSR-E © Advanced Microwave
Scanning Radiometer for EOS) 2 X » TS 117z
F—=5%2H L7k, 7— %23 Remote Sensing Sys-
tems (http://www.remss.com/) MSTERK U 7o 5 FEREEE
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0.25 % F D HBID 3 HEEFEEZH W 7o HifE
£ 1% Jason—1, Jason—2, Envisat (T X 2 #EEOH
BN 2RI /ER S 11, AVISO (Archiving Validation
and Interpretation of Satellite Oceanographic data)
HILAT LT BHEREREEE 1/3 IR T~ o ffet i =i 7 —
g &I, AT, 2009 4D HEID Near Real
Time (NRT) 7— 4% &, 2007~2008 %ED 7 H4ED De-
layed Time (DT) 7— % ZH W7,

3. & B

3.1 BKROBE

2009 4 1 H~17 H R o g e & gifiKilt 5316 &
Fig. 212779, 1 H EAJic WCR1 (3 38°N, 149°E it
12, WCR2 4 41°N, U6°E fhiicao5n b, WCRL i,
4 H EREcHTREE~NEE L, 4 H a5 5 Hhf)
T, iORA U Foig i E R O SR O — & H e
WICH DA N, oW WCRI AE#ERD 4 <
JElicEL Cwk T EARL TV S, Zoflicigod
DA OHEKRIZ B & Z 12°CH 5 18CIc LR LTV
5o TOXIDIIKIE L, WOFEOEREKIFIZIZA
SIS\, WERVKIEOFEHAMRIC L 5 bD TR,
B E SRS S e 2 2R LTV B,
WCRI 3, =0, 5 H NAJIC 144°E ik o i
DlE» SALIcHin s, 6 H M2 S TH Eajici»r ¢,
WCRI B3HOF KL, 150°E 130 o Bk 7R o & 5
WO B WK & L, oKy BT 5, —,
WCR2 1Z1&, 2009 4F 1 H~7 H oM BiE 5 B8k
HoNIBV, TOWMEZBEL TROKESRBEE—ET
Ho, o, WORLEFEMOBRIEEDAZIL LT
30cm EED S0,

e % 3 > € 2007~2008 4F 0 i i e BE D K534 %
BEL, 2 >0BKEOUIRERIN & BB 2~ (KE
M) WCRI & 2007 4 2 A EAJI 167°E i o Bk
o oUEEsh, PEAERE L 7cik, 145°E ffi c Uik
EhciEr 0 OBk E 2008 4 10 Hrhfjic &k d
T lickvElkand, =%, OO
DERZICTIDD, 2009 4FE 1 HE Ttk 50em (KT 4 %,
—7J5, WCR2 &, 2007 4 2 Ahf)ic 147°E fHir o Ei

E=p

FLim DD & UTEE S 71, 2008 4F 6 H M) % T3 145°E,
38N fhiticfiriE L, 2008 47 H Lf» ofk~icdb kL
foo T D%, WCR2 3 HLEBHIRMBLI A o B 7o ILA]
A Lield, REiER & ORI A S Nish - 7o,

3.2 WCRI1 & WCR2 OFH1EE

Zoffitid, WCR1 & WCR2 ONAW I % 1Fak L,
2 > DBE/KI DS & /KR & Hd 5, 2009 45 1 H
~THOHMIcAHTE 2 _XTCo 7T 70— kEH
F— 5 EZHVT, BofLERY) 2 RT v v v VKR
85y, K7 vy VEEORIE X CFEILo Wi & (E
AU too TR ERLIFO®@Y TH 5,

FLYic, HHOBHISESX» S, WeEilEcl
i & B & OMBEAER A, HOIRDE L
RN S WHIR 2% A 72 (WCRL 1 1 A Ef)~4 A M
L 5 Ahfil~6 H ), WCR2 131 H Efi~7 A FDs
COWRINICEWT, #ilmES XA, S HAZ D WCR
1, 2 OLLE Z RS, EHO»r 5K T VT 70—t
BN OALE £ TORREEE, BT 2 X785 6L
R T, WMhLEFEICE Y, KFEH Ty 7 e —
FOBIAGIEZ 7o b Lz (Fig. 3)o X1, WO
P H L O mEALHiER 3, T 5 100 km DINIC &
BRI — 4 (Fig. 3th, =MHD) &iEdulprszhz
NHEPESE X It AR 90° D &EANICH 57— %
(Fig. 3 th, FAEALED) 2R LT, #dulh 5 15km
KK, 5, BT vy VEED T — 5 2 ERER
T TR itk Rz, 2Dk, 3HOBEIEY
TEEREIICI > TEL 720 3D OB 2 RICDH T —
Y 0bHGEER, TOPEETESHA, 1HOADE;
&3, RHfEE Lz, WCRI OfFRICEH L e 7 — 4
d, AHICKE RO P, BE—FRCOH LTV 5,
—%, WCR2 @5 — %%, Hdutas oAbl oigiEkic i3
DIz, B & O DI 13 I Z < AEAEL T
W5,

WCR1 B & 0" WCR2 O AN % Fig. 4 ISR 7,
2 oDBKIIFE biT, KEERS EEHEmsoth
LTROELS, FIRI» WKL 135 S < kiR O S
WEERLTWSE, CORT LHEBEIDELED
2000m EETKATEY, 2o0RkEL T, »is
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Fig. 3.
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Relative positions of Argo data used to make vertical sections across (a) WCR1 and (b) WCR2 in

Figs.4 and 5. The origin of each panel corresponds to the center of eddy, which is determined from daily sea
surface height maps (see details for text). Triangles show observations within 100 km from the center of
eddy. Open and filled circles show observations in the east-west and north-south sides of the eddy, respec-

tively.

DEVWEEE A -TWBE I EAERLTWV S, WCRI &
WCR2 O3, &bicBLZ 150km TH 5, ¥HHOD
WriXl (Fig. 4b, e, h, k) 1TlZ, 26.6~26.80 fI4Ticdt
KIFFEREK SRR T 2\t NEn s on b, N
KR LG DEN R, T OESNED FE DB X
Z 400 m EfHhr A E ey, HEEm LTl
B 5 &, FPHICHARTEREIC I SR SED KD
400 m LR DO HE TR ESERIED KB H 5, Th SR
ST T 2N &R E OV, BEO R v Ui
LBARL TV S,

Fig. 513, $REEhZ %L TR L 7oK, oo
Wiz /~d, Fig. 4 LFEMkIC, woFATRHTE 5
TRTOTNVIT7o— MET— 2 AHOT, KT
15 km f KR, 5 25 &EmE ETHE L, WCRI
DOHFKFEE R, O & EPH & TR TR Y, HEE
e, @ fhrokig & ES i, Fic, 8
O & AL D ABEBIC LT, il R O &2 R
LTWwW3, ZofEmiz, 2750, iL&b & EEokE:
i 50, WCR1 2SI AT EIE DK 2+ -
TW3ZExERLTWVWS, WCR2 @i /KHF 13

WCR1 T TR & DEW /NS WS, ks
HoNsHETE, WHORMEPEHOAZERICH AT,
Wi SESEO KA 5N, WCRI & [EH O F#
WH 5,

CDEHIT 2 >DOMDEREREE IC BFLENA SN S
7, KR S OMEICEREBEVEDH B, WCRI 3,
JeficfiE 4 2 WCR2 I T, O EES Lot
J& DK & BRI E O, Ttoh and Yasuda
(2010b) 237K L 7o =B & kg2 pe B i 0 BE K8 D 7K
i & O E i (Ttoh and Yasuda, 2010b &
Figs. 7, 8) &lt#kd %<&, WCR1 & WCR2 i3, /&
b g b AR EEE L SR EE TH 508, Ttoh
and Yasuda (2010b) O L7257 — % DIE 52 & D
PHAICH %0 THUE, 200 E bITRKEHICA SN
5 MBI IS KOG A L TW B T EERL TV S,

WCR1 & WCR2 oW, #BAIRFHOREIL 2 57—
Y 4B L TIERR L TV B 700, WA O K18 110
592713 7o0—-rF-sOHMLBRAIKRHG L 2,
Fig. 4 78 2 200 EaWnEM EZ@Ebick L T s L
S I HET S B 7w, BN O O SR A & D
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Fig. 4. Zonal ((a)-(c), (g)-(1)) and meridional ((d)-(f), (j)-(1)) cross sections of temperature, salinity, po-
tential density (left to right) across WCR1 ((a)-(f)) and WCR2 ((g)-(1)). Black inverted triangles show
positions of Argo float used. Open circles show the depth of the maximum surface density of the Argo ob-
servations within each bin of 15 km. White contours indicate isopycnal surfaces at 26.6, 26.7 and 26.8 0.
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Fig. 5. Asin Fig. 4, but on an isopycnal coordinate in the vertical, and mixing ratio instead of potential den-
sity.
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(@) WCR1: 10dbar/2000dbar (b) WCR2:10dbar/2000dbar
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Fig. 6. Open circles denote sea surface dynamic height referenced to 2000 dbar calculated from zonal eddy sec-
tions in Fig. 4, and dashed lines absolute sea surface height derived from satellite observations across (a)

WCRI1 and (b) WCR2.

PG 2> 5 515 L 72 2000 dbar FEHE D i /)2
i Lic (Fig. 6), HAEEHIC X %)YI%@'@@EJE
fHOWmRENESEN T o TEohbzlky, o
2SI E D 200941 A~THDO 57— % 29 XT
HRAOLETIET L LI DR LI, 2 DDIEK
WEE BT, WOHEER 7 —v, il & Eo P &
O E AN, WK SFHE LR EZEE LT
HYo, WOMEHX (Figs. 4, 5) il IS % e
B & FIEMELS ZBLTWAT EERLTVS,
BE/KIBNTIE, EEgmis o nkiczd sk
SEle, WEFE OKOBESICE D, #HKOEEMIEE
2% (Yasuda et al., 1992), Figs. 4, 5 O HHLHI
3, S TAEERLE LKE 45 km OFFHICE W T
R L7V 70— T — 5 Oho R KN EE
BLU, ZOEEERLTVWS, COEELD FEoiE
K, BEHT K B HNECRIK « ZIEIC K 2517 7 >
72, MICXBREOEELBELZITCVEEEZEZ LN
%o

—J7, HEOE S NGO EE R (PR L 26.80,)
i, AT b ey LBV, BRIICEBT 5
H17 5 v 7 AREIC & BRAESEDRKOFE % HE
BZTTOEY, £27T, HFEEHESONEITHESL
fo K EHEK O R A E W T, WCR1 & WCR2

DOIFKEFEDE VAT, JBE T, Shimizu et al
(2001) E[EBEDHETERE L, TOHER, HFRE

HREZMGE L, AR Bk EBko £ 5 v v v
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grams of the Argo observations in the Kuroshio
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lighted curves indicate isopycnally-averaged mean
profiles, which are used for the standard profiles of
the Kuroshio and Oyashio water. (b) Same as in
Fig. 1, but positions of the Argo floats used to de-
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are superimposed.
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Fig. 8. Time-depth sections of (a) temperature, (b)
salinity, (¢) potential density observed by Float A.
Thick black contour indicates the mixed layer
depth. White contours denote isopycnal surface at
26.6, 26.7 and 26.80.
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(a) Time-potential density section of mixing ratio calculated from the observation of Float A when

the float is trapped within WCR1. (b) trend of the mixing ratio at each isopycnal surface, estimated from
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(black) averaged between 26.6 and 27.2 05, together with their trends (dashed lines).
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Water characteristics and temporal variations of the warm core
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ring off Sanriku of Japan observed by Argo floats

Masafumi Kimizuka ", Fumiaki Kobashi* **, Naoto Iwasaka *

Abstract

Water characteristics and vertical structures of warm core rings that are located off
Sanriku (hereinafter WCR1) and off the southeast of Hokkaido (hereinafter WCR2) in
Japan were investigated for the period from January to July 2009 using Argo profiling
floats and satellite observations. The two WCRs are detached from the Kuroshio Extension
almost at the same time around February 2007. The WCR1 and WCR2 have both vertical
structures of anticyclonic eddy, containing warmer and saltier water of the Kuroshio within
the eddy than ambient water in the surrounding area, on isopycnal surfaces. Calculation of
the mixing ratio of Kuroshio and Oyashio waters shows that the mixing ratios of WCRI1
and WCR2 are about 20~50% and more than 80%, respectively, indicating that the mixing
between the eddy and the ambient occurs more notably for the WCR2, where the ambient
water has characteristics closer to the Oyashio water. The analysis of two Argo profiling
floats with a high temporal resolution with 2 day observation cycle, and ship observation
data reveals that the water characteristics of the WCR1 has a marked temporal change, in
which cold and fresh Oyashio water around the eddy intrudes into the eddy intermittently
every several days with short time intervals in narrow density ranges. The water character-
istics of the eddy gradually change to the Oyashio water, suggesting that the small-scale in-
trusion of the Oyashio water into the eddy is responsible for the observed change in water
characteristics.

Key words: Warm core ring, Argo float, Mixed water region
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