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CURRENT STRUCTURE OBSERVED IN THE CENTRAL
EQUATORIAL PACIFIC OCEAN

Yujiro Kitade*!, Yuji Mine*?, Akira Noda*?, Hiroaki Hamada*?,
Ryuichi Hagita*?, Masaji Matsuyama*! and Isao Kasuga*?

Current and hydrographical observations were performed to clarify the structure of equatorial
current and vertical circulation in the central equatorial Pacific Ocean in December of 1996. The
currents obtained by acoustic Doppler current profiler (ADCP) clearly show the current systems in
the equatorial region. The equatorial current system expected by the vertical temperature distribu-
tion agrees well with those obtained by ADCP. The equatorial undercurrent (EUC) obtained by
ADCP have the maximum velocity of 57 cm/s and transport of 18.4 Sv. Meridional current is
divergence around the center of westward flow such as the south equatorial current (SEC) and the
equatorial intermediate current (EIC), while the meridional current is convergence around the
center of eastward flow such as EUC. Vertical velocity estimated from horizontal divergence using
ADCEP data is 1.17 X103 cm/s. The wedge-like structure of salinity was found near the center of
EUC and indicates the mutual intrusions between warm-saline water and cold-fresh water.

Key words: The central equatorial Pacific Ocean, Equatorial currents, Equatorial upwelling, Equa-
torial meridional circulation, ADCP

1. I L & IC

AEFEREHETOBRAI NI TELOMABICL>THRINTEBY, BHREOSHPHEER
E, BB OERICOD - TETW S, FREE TR, HiEd 3HBEIC X REKIIEBS %
Xh, BEFERFEERLSL 5 (Cromwell, 1953), & 512, ZDERKIIAFFHEADOEHRIE
& AL BEEIL AR OMERIC & > THE S TW3 (Wyrtki and Kilonsky, 1984), FREET
&, HEAEHROMHERSER LUBEILAR ORI ERIVNE WA, FEItERRRE L TE-T 5
HARNOMAPEEFERICEELRRIERIT LEZ SN TS (Poulain, 1993), ZOHTH
OSBRSS B Y 2EBRRONERL T THEL, EYMLERBICBVWTOERTH
5o L L, $EGREEIERI/NE L, BHERRYT 5 & 3mHTH L W\, Wyrkti (1981) (37
HTOEERETOBEESH» OBEFARERD, 100°~150°W O FREEFEIt 400 km O#HPH T
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1.15X10 % em/s EEH LTV A, D%, Bryden and Brady (1985) (3, /KEFHED D & Hikk
ORA O CHEFRAERD, T EorEitic 1.5° DIET2.94x10 2 em/s 2B TV 5, £ D
&, KEFRIHEHRAEICLIORDONTVEY, BEETHZ I EroMItRECETIC I
BA LB TRIHEEN TV S, UI4E, Poulain (1993) (2 125D KN Y 7 4 — DBHERD S KER
AR, FREE20km EVHPROWEFHTSOm EDOMBEFESZNETD LD EHNTHAX
W 1.5~2.0 (X10 %cm/s) THBILERLI, CORICKREFEAROABESG L BBHEINT
B, MEREIRLSAPFEEBETRIRE-HKLLEEZETVS, COZERBEHROERbDIC
&, BEILRPEETH S EERL, MEIERBREC X 2VEREREOEENFMICIE, R
BRI T Bl OBEEZ A S Ic T 20BN D 5, i, acoustic Doppler current profiler
(ADCP) % F O 7o K EE O EEGER IRk TR S N 3 K H1icii b, REBIRRDOFFMSHE
EHBHVRFAEEBRE V== a3 BROMEBRE LIS VWTRVWEREZHF T3S (Eldin et al,
1992; Kuroda and McPhaden, 1993 72 &), - T, PAILREDOHEEDORIEIC I ADCP %\ 72 E
BB BRSO TEITH 5 &, HRFsh 5,

Z IT, REHOHEHR, FCEBECHEIEBROBEEZH NS 128, HEREFERERICBVT,
1996 4 12 B EBUKEE R FISHEMEELIC X 5 ADCP 2R\ @i, e XBT ok 3
HliE, TR TO CTD BlillZEM L 72, ABFFE T3 ADCP BIECERD O FRE IR D #3iiR O HErs %
RS hiz L, PEILIEERTRE & BB & BRI > L TN,

2. 8 Al

BRI HFUKEE RS M EAL (1828 t.) 1Tk D, 19964:12 H 13 H~12 H 27 HiC
H—4 b 7 BEIC L T34°50'N~TS) THHME L /o, Fig. 1 1B OMEE & CTD BRSO
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Fig. 1. ADCP and XBT observations line. Numbers indicate the locations of CTD casts.
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BAETT, BIIEEIZ, ADCPITX ik « FHO#EFEHISHIE, CTD (FSL ICTD) ic & 57K
& WO ORIE, XBT <& BHiERDOKERETH 5, ADCP JHEEALDOMIEKICEE L 72 RD
HOTI5kHz DT o — FNY FEIT, 16mED» S 16 m BB TRIFRT 2 L I E L, REMET
1257 500 m E F TOEIF R FEIIEME SN tz, Global Positioning System & & 0 5 ¥ ITHAL
2RELTEBD, ADCP 7¥— %0 ohEERET ZBICH V2, XBT (T-7) Bflli3EEIC L T
20481, CTD BB L TR PEBICE ML 72, B8, CTD#HAlica .y b= AFH+ 7
5 —TEK L, Portasal (Guild line) i & » CTD DI 2 RKRE L 7o EWARRTE DFER ISMHBAREL
0.999 T, FIFRIZy=1.0003x+0.073 TH 5 (HL, y Lx ZZzhZh+ Y / *x —5 & CTD O
HMEAERT o

3. 8 A # R

XBT Ti&7- /KB OKHEX % Fig. 2 IT/RT o 125~131°T HENCHfT Lo, BEEICBWT
REEHSHLIS B3, EE (32°~33°N), BEIHK (31°~32°N), HEVER (21°~23°N), dtifiE#s
% (10°~17°N), JbLR@EKHE (3°~10°N), mEREwER (2°N L) 8 E2RdKEMENR N
%, IFTWE, FEfHEOREZEZR TV,

Fig. 3 @HREAME (12°N~7°S) 25K L THIWIOKEKEXR T, ChE TREETESATL
5 H (Montgomery and Stroup, 1962; Wyrtki and Kilonsky, 1984; Yoshida et al., 1993) & 2iX[q]
BREEAMERNTCENTES, BERBOEE X ~I10°N TRLEL, N ITH T TEH
WWEL > THBY, TORBLECRBEKEMHLTWS, F1, 2°N~2°S I IIEMEERBSK
200m FEAHLIC LT, F—2RIAHLTEY, FEBROBAEEZRLTWVS, 2°S LDETIE
BB DOEEDSPRREL 15 - TV 5B, FEDEIL 2°D 300~400 m ZETII/KEHR 10°C T, —HE7EK
BASSE L TV B, 1989, 1991 4E i HEEAL TERR & f1 7o /KIBMTTHEIX] (Yoshida et al, 1993) & DL,
B 5, ASRIERI L 7 RER O ZBREARE DOKIEZ 27~28°C T, 1989, 1991 4D KiR (28~297C)
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Fig. 2. Vertical section of temperature obtained throughout the observational line. Unit is °C.
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& DAERVA, FRE LD 200 m BT K — AROMIEDIFET 5 5T 1989 FOEITEL T &
WBor - 12,

Fig. 4 3 ADCP T/ 5 h 7z 1°N~T°S OFERPAER ST & BRSO 1K TdH 5, WIE L 723
SRERBICLTO05 (R4 BEfD Sic gL, SMEAENCE 38 (48 m) O EIEE %1 L P
LTH %o 78 LD FJE 100 m LIRIC 3 PE[EH O BEFRE#EH (South equatorial current: SEC) 25,
Z DRI i3 200 m BRITHRK (57 cm/s) %2R D WA O 7RE# T (Equatorial under current: EUC)
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Fig. 3. Vertical section of temperature (°C) obtained in the equatorial region.
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Fig. 4. Vertical section of zonal (upper panel) and meridional (lower panel) currents in cm/s obtained in
the equatorial region.
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20C) & L KHIRT B, &5, ZDOTD 400 m FEATITIC I3PERFR (Equatorial Intermediate Cur-
rent: EIC) Z238% 5 Z & TE 5, EUC OHMMESIIFRE Lic® 545, SEC Ds&fi#fid 1°N fJir
12, EIC ORRFHIERIE 0.5°S ICHAET %, EUC ol idgEitikcR 3 &, BRoltcrEmh %, &
HTIEZDOHENTH DPERIRE L > TV B T LB D 5, %72, SEC iZFRkE L D Itd 1°N i
Wb -, BltREEI®TAHAZE, b d EREBICHIGL, FEXVEIIHLTVE
EIC b HBURE L > T3, ThoHDT EM5, FEEIRTS S SEC & EIC I$FEIR, HERED
EUC BIGERE S > TWA Z EWBSH 5, £1, 66~9°N @ 100 m PliEic i35 [EF bRk
NECC), 3°~4°N O 250~350 m #IZ i3 Northern Subsurface Countercurrent (NSCC) 23H. 51
%, NECC & NSCC 07 L /KB E KT 5 &, MR s bFEBMBEICTH->TwBLET
AHDEEIAMBELTOSE I EDGH B, I~4S D 400m FfTLICR SN 2 HAFHIE  Southern
Subsurface Countercurrent (SSCC) £ #ZX 5 ENBTXE 5,

Wyrtki and Kilonsky (1984) i275 5 » T, KRR OME% Fig. 5 D& 5243, T OFAEXSIC
P> THRBROWE, FHEFE (@) RUOWER %KD 72 (Table 1), 4 5 DfE% 1000 db E#ED
HifgRETEIC & > THE S 172 Wyrtki and Kilonsky (1984) Dffi (Table 2) & Hx3 &, AEHIKEE
T3 EUC %2 < B3 (NSCC, SSCC, EIC) DEHFHEMNE S DIRERICHRTRKEVWT L8500
%,

CTD TH -5 OWHENR% Fig. 6 12733, TN OFEE 50 m i 2 (B4 15k (34PSU
LIR) BHEAES 5, Fig. 3,4 DA 5, T OEEME ISR THRREIH O ILFRER R I ALE L
TWVWBIEBRD 5, WHRMEICIT BEELL B ->THBY, 5°S D 150~200 m T i3 36.2 (PSU)
ZMA L EESKPEAL, BERBELMIOML TVE, TOSENKEIE, SFEHMNE
RUETEBD, °S~PN I 200m BEOMEX 7y — VEROENE(CWELET 5, T OENEE
FREBROMMRIKEE L THEY, FEILR TR LIRIRE L > TV 3B T &80 5,

KR » A DOMERES L RS MICFig. 7 IKBEESOHE T 7 » 4 VERT, il
E o Sta. 10 D 190 m ZETIIAKEASHE L TV 3 (Sta. 10 TRENMIEFITH L CTD 2w - <
DREA LIcicdd, Sta. 9 D200m EICR SN B & D BENMED 254 2 IROEALRFEE S W), [F

.

DEPTH(m)
W
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I
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Fig. 5. Areas occupied by eastward flow (dark shade) and westward flow (light shade).



70 JbH - & - BPE - @ - #H - #20 - EFH J. Tokyo Univ. Fish.

Table 1. Zonal currents observed near the central Pacific Ocean in December of 1996.

Transport u Area

(Sv) (cm/s) (km?)

SEC —35.6 —15.1 234.9
6°N~eq. —16.5 —17.3 95.0

eq.~7°S —19.1 —13.6 139.9

EUC 18.4 23.5 78.3
EIC — 8.6 —10.5 81.8
NECC 7.2 12.6 57.2
NSCC 6.4 8.7 73.0
SSCC 2°~7°S 14.0 10.5 133.8

Table 2. Transports, mean speed and areas occupied by each current are given for a discrete one year
period from April 1979 to March 1980 and for the entire 17 month period of the Shuttle
Experiment (after Wyrtki and Kilonsky, 1984).

One year All data
Transport ] Area Transport u Area
(Sv) (cm/s) (km?) (Sv) (cm/s) (km?)
North equatorial current —23.3 — 8.2 285 —24.0 - 73 327
North equatorial countercurrent 19.8 214 92 19.2 20.3 94
South equatorial current —55.0 —10.6 517 —52.5 - 9.7 540
Equator to 4°N —15.1 —30.2 50 —11.0 —24.8 44
Equator to 9°S —26.5 —13.7 193 —-29.3 —14.2 206
South of 9°S —13.4 — 49 274 —12.2 — 42 290
South equatorial countercurrent 0.6 4.3 14 0.3 2.7 9
Equatorial undercurrent 22.8 31.0 73 30.5 375 81
Equatorial intermediate current —11.9 — 8.0 149 — 9.8 - 71 138
Northern subsurface countercurrent 8.9 6.7 133 7.7 6.1 126
Southern subsurface countercurrent 4.3 4.8 90 43 4.8 89
0
100+ +
% 200- i
jan i L
&
E—l 300+ -
400+ -
500; 1 L 1 i L 1

| PR | | T
5°S EQ. 5°N 10°N
Fig. 6. Vertical section of salinity obtained in the equatorial region.

CBRSDES EHKT 2 &, HEABDLLEL B> TVEHERIET 5, OKBFEBO E T,
EOPDIFN e HE I ENTES, TORMIEKIEILBRRICRNOBELHOETELS
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84(2), December 1997 FPER A A TR B IR TR & 7o R 71

Temperature( °C)
JO_ 15 20 25 3

1004

DEPTH(db)

2004

300-

34
0 <

100

DEPTH(db)

200

3004 Sta.12 Sta10  ISta9

Fig. 7. Vertical profiles of temperature (upper panel) and salinity (lower panel). Each profile is shifted 5
steps horizontally.
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Fig. 8. Schematic view of the current system in the central equatorial Pacific between 150 and 160°W,
showing surface currents, dynamic height, thermal structure and meridional circulation (after
Wiyrtki and Kilonsky, 1984).
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Fig. 9. Meridional variation of vertical velocity at 64 m depth estimated by the divergence of meridional
current.

IL)J.-\Qv‘—N

DEWETE S, T OBHAERIE Wyrtki and Kilonsky (1984) 571 U 72 i A SE 8RO Bt
EIROHEE (Fig. 8) £3ZF; L, EUC OFEEK TEEILD 5 O/KBMEA T 2 BEAEA - bDEEL
BLEMNTE B,

4. HERODREDY

ADCP T & » TR L& i - ¢, EoXNEMBEAHMICES L (1) Xr o, $HERE
w %E‘E %) 60

_(° (Ou , v
w={_" o T oy ) (1)

BL, hidz/ < YBORAT, THFRERTE—EIICA=50~60m HBHVSNTWS (Pou-
lain, 1993), EEEER, ZHKICOVWTR—BOHRBILHKEL TV EHDEELTHB, TIT,
REAROEALDOFEILHROEIL L D BB DIT/NE W (Bv/dy > >0u/0x~0) LIRTET b, HBE TOH
EiftZ o & l, ADCP THEZMETE TV RV O~16m BFE—BHOFREEF L & LT (1)
AP S, h=64m TOEFREERD 72, Fig. 9 13 64 m BIC BT 2 0BEMEOERELLETRT,
PREFRE DERAMIE PN ICHEEL, #1.4X102em/s & A7 D KX WA, Poulain (1993) pi:k
7o 1.5~2 (X102 cm/s) KB DL WEERED, L LEHNS, RFFETE-BEROEKE L
T, OLFTLSFREEETERLL>THEHT, QBEHENCKESEFHL, @RIV TIH
XNRTH B, FabFbI LB TES, BHHL 2ATHE L, SXASICBHMETH S &
“FEZBHE, TITHEHLU K wITIT tropical instability wave (TIW) Ic X 2 &R ST TV 31
REMEASER W TIW IEFREICX U THMFRT, FREBBRROME = 2 V¥ — SRS ES = 2 L
FoWERINDE L L > TRETIALKERH EELONTEY, I~ iRk bRiET 5
(Harrison, 1996; Johnson, 1996), £ ZC, §7:w » 5 TIW T X 3 FHA2RET 5120, 2.5S~
2.5°N T3 5 LREREIL 1.17X 103 em/s &85, T DfEIZ Wyrtki (1981) BB S - /i
LT 3,

5. ¥ELHEER

ISR ETREIR I B 1 2R OEE <5 70, #ELLIC X 3 ADCP, CTD, XBT &l %
EMi L 7o ADCP IZ & AEIAKER S S, #9500 m ZFEZ TOMBERFREBHROEEELEL, i
o DFEREE d XBT TRONIKBEERU I hE THERITEICLIVESHA TV 2EKORE
BE XL —HU Tz, 1996 5 12 Hi 170°E~170°W DO iK% T ADCP THllSE L 72 EUC O
KFE L 57 cm/s T, FREIL 18.4Sv TH -, TH 5D IZ Wyrtki and Kilousky (1984) D Hi
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b LHA/PNE VA, EUC %< BH (NSCC, SSCC, EIC) D FE IZHE & DFERICH~<RTK
Aot £z, FE EOKGEFIE SEC & EIC TR TR 2 ERBIH LB > TH Y, FHEK
BD EUC IJIPERIK & 73 - T i,

ADCP iZ X D15 cFEILIRD SEREFHE RS - 7o, SAERBEE AR E S /LU, B
P NRHATHEE, BHEROESRKESFETH L THEAHRTH S L5, BEFKICE
TIWIC X 2EEBEINTVELDEEZEXBI ENTE, TIWOEELR 120, FEtth
& L TEibic SSO®EBTEET 5 LBEARSEIE 1.17X10 em/s £ R b L7,

CTD 2 & » CHRIE L -0 D0h4%2 R 5 &, EUC AR O FRE 200 m FAIC IZ8RE X 7 — v
20mBBEOL SVEOBENHFEL, THRKBYFEREE > TVWBE T EMBSH -1, EUC DIk
IIHMERIESE KD, Bl dESESESKSSH LTy, BEitHTRS LIGHIKTH 2 T &
5, HEBAOHEEM S 3, ZOEAIR EUC @ FHICAE L, HEEBOKIEIIK 20C TH
% T & H 5, Pacific equatorial 13°C water (Tsuchiya, 1981) DR E 55 D TR, FKEER
NERDIAEFN TV bDTHBEZEZBLIENBTEBREAS, TOBABREIIREEOBIETRF
RAEMBIAT 2R 5D LS NG, SRS SIKFMBBRAZERKL, ESAREZHSHIC
THEIENETND,

. (33

BRAFERT 51470, BHL TOEEWEETUKERERESESNEENLOFTHE O 4
ZIEL®, HEUKEKRFEOINOMREIZ, AHEERDER, K¥ERAYE ZK, bocExd
FHEEB LD ORBREBL 4,
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PRMAEHRERTERAU S W icREBE
bt ER - M - FE B HEE - KEE— - UEL - HFE2 O

P A AEFERIC B 1T 2 BROBEE TS 120, 1996 4F 12 A i HEUKEE AP BMEELIC &
% ADCP, CTD, XBT #lfl|ZEM L7z, ADCP iZ X 2BHIOER, #500m EF TOMHLFEHBHRRDOE
EE2B o N5 OFEHEE IR XBT THRIKEBERV IO THERIEC I VB STV 3EHROME
& & —HL 72, 1T0°E~170°W O AT ADCP 12 & 0 JlIE L 72 EUC OFAFEI 57 cm/s THRE L
184 8Sv Thote, 1, FELOEMWED SEC & EIC TREILKR TR L REIKE - TH0, FHAKD
EUC BRI & 75 > TWH, ADCP & 0 B/ RBEltiiD O REBAEREE 1.117X103cem/s & RS 5 &M
T &1z, FRaEE 200 m B (BUC QL) 1T i3 /KBSEE A4S HE X 7 ~ v 20 m BED { s 0ol
SREEDBFEEL T, EUC OILiC iMEREES/KA, B 3SERSEIKSSHLTBY, fEitkcE 3
EPHRBTH B Lo, HEBAOTEEEZIERL 12, -
F—v— P hEKSEERER, REBRR FEER, REREILER, ADCP



