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Fig. 1. Bottom topography south of Kyushu and

locations of stations of CTD/LADCP observa-
tions. Depth contours of 200 m are shown by thin
solid lines, and those of 500 m are shown by thin
dotted lines. The mean position of the Kuroshio
axis (the thick solid line) and its standard devi-
ation range (between two thick dashed lines) are
shown, following Yamashiro and Kawabe (2002).
See Table 1 for abbreviations.

Table 1.  Abbreviations of geographical names.
Abbreviation Geographical name
KG Kagoshima
KO Koshikijima-rettou (Islands)
KS Kusagaki-guntou (Islands)
NK Nakanoshima (Island)
NZ Naze
ST Satamisaki (Cape)
TN Tanegashima (Island)
ulJ Uji-guntou (Islands)
YK Yakushima (Island)
YS Yakushin-sone (Rise)
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Table 2.  Periods of CTD/LADCP observations by
the RV Soyo-maru.

Observation Period of CTD/LADCP
observation
15-20 June 2000
9-14 March 2001
17-22 June 2001
9-13 March 2002
21-25 June 2002

8-12 March 2003

M E g QW o

2. BRIEEHRH
2.1. CTD/LADCP ##l

FUINEE 5 D BRI LD IR A TR ICELE L 72 82
A (Fig. 1) IZBWT, KEREHIZE V2 —FTBROHE
i, EIESL (892 b ) iz X DR 6 [EOFAEMNUE (Table
2) T, #EE, LUK ETO CTD/LADCP 814
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Fig. 2. Positions of sea surface temperature data
obtained by a ferry boat.  See Table 1 for abbre-
viations. Depth contours of 200 m are shown
by dotted lines.
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Fig. 3. Time-latitude diagrams of the surface temperature observed by a ferry-boat between Kagoshima
(KG) and Naze (NZ) (upper panel) and time series of the sea level anomaly (in cm) at Nakanoshima (NK)
(lower panel) during 128 days around CTD/LADCP observations of A to F (panels (a) to (f)). In upper
panels, temperature is shown by isotherms with contour intervals of 0.5°C. Dots indicate positions of surface
temperature fronts. The block arrow shows the period of northward migration of the temperature front.
Shadow shows lack of ferry-boat data during 5 days or more. In lower panels, the thin line shows the original
data, thick line shows the component of 14-26 day period, and dots show the front positions between
Nakanoshima (NK) and Satamisaki (ST), which are copied from upper panels. The period G shown in panel
(a) is expanded in Fig. 4 and should be compared with Fig. 5.
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Fig. 3. Continued.
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TWiz, b DHf% Fig. 3127y 7 KM (EX
IX14 B & L7z) TRT,

Fig. 3 D TEICHA U 128 B D2 & DKIARED
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TEERLTWG, EEL, Aol EEHIT 14 BER
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30 : H : : : H
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Fig. 4. Same as Fig. 3 but for the period G shown

in Fig. 3 (a). Circles indicate positions of the tem-
perature front derived from the ferry-boat surface
temperature data.
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DEBRRLND LD, (FIFIERBEER TR
fLZRLTWD, ZOEEH Y — 0%, KERTHIE
ABLEZSIROBIZH S & & (B C) 1, FZBDK
LD 14~26 BAMEENBRERD L VI RLED,
HIE G (Fig. 4) TKIBATHROAL AR 5472 15 A [
(200044 A 27T B~5 A 12 B) OFE&EH 1 F— & k<
BlTWb, 22 TA%, ZOIWO% phase 1 126 6 &
5,
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May 8, 2000 May 11, 2000 May 14, 2000

The sequence of satellite images of sea surface temperature obtained at three day intervals during

the period G (Fig. 4). The dotted line shows the ferry-boat route and the circle shows the position of
temperature front as shown in Fig. 4. Arrows indicate the warm tongue-like structure.
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Fig. 6. Same as Fig. 3 but for the sequence of obser-
vations of A to F. Rearrangement has been made
in the order of observations B, F, E, C, D and A
following the north-south position of temperature
front, which is shown by the circle.
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FLEB LTS, 5T, ZOEEzZ THELNK
B MEEoT—42%y b, BBROBENOEELZ
A TCND EHITHZ B TE D,

4. ¥RFEZ S5M-KE - REBZDEE

T2 TH/ONET—4ty b2RIZLT, WiE
75 COKIBRTHRO AL LT ZRITHIZRIKIR - TEB D
EENZOWTHRRD, F07, BHEROKIE - FHESO
SRR O~ % (Fig. 7) O, 3AOHERLL, L2,
L3 OB RN BT W~ 2 29T\ Fig. 8 IO~ ¥, Z
Z°C, H# L1, Yamashiro and Kawabe (2002) ® &
FRIREh D SEIINLE & AT BRI, L2101, phase
4~6 DBEARFOHFLAHE BRI S HmC, L3k, €0
BT 0D SEM < 2B B HEICHE L Ch B, ik,
Fig. 912, 30 m IRDWES T 2 W~ 2 725K (Fig. 7)
PR LR AR,

4.1. BEABIHOLEE

BN BEALEES (K) /KR - JREGOEBHIT-OV
TS,

BB ERI, Fig. 7 @ 200 m ROTEESR CTRE
23250 cm 57 A EDOWENSE H DESICIHEYE TS, K
D 30 m BRI BEE, BABOET80~120 cm
s EETH B, K i phase 1~6 @ 30 m ¥ L1200 m
OWT I TS, BN TIIT L TR 2’
BL, BAB-BAFSIRMOKE S BIE UKFHER~
LIERTWD, Z 0K OIEATOEE, 3.2 #i T~/
X517, 200 m EOKRBICBV TERE L 7o TR
Y, phase 1~3 THENDFZBITEIE (F2ZBDK
fiz7s £5), phase 4 THZBDFEFEEL L 2Y (P
BOKMABHERK), phase 5~6 THZENHHE~ES
Do TND (PZBOKMETRE), T OROKIBATHR
i%, phase 1~3 IZBASE (YK) £ Tt EL, phase 4~
6 \LBAED BIESIR (ST) £ Tib ELTW5 (Fig. 6).

K OREAT AL AFREER (IEDOTER ) DREHEIE %,
L1 O¥EEE (Fig. 8(b)) TR% &, 20 cm st LUk
DR Z R EFHSUER A S 400 m FICE TEL T
Do KIBDOEHEMDBEEZ DD ZOWNDEER T —
ERETTD L, 500 mIBEETRATNDZ EBE05,

4.2. KEAROIL

Wiz, KIBRTRBRBA G ELIHE CL LT 2518
FRIZKIIE9 % phase 3~6 D/KIR « FLEBOEEZ O
TH~N5,

phase 4~6 121%, 3.2 i CIR~7-BEAKEN, B
0 (K) OEIT OIS 2 mIRE D HALE A (E
B B H O KBEMIAE L) IR ST\ g, £,
phase 3 121%, £ DBKEDFERM L RO DB
25, K OREATOIEIZKH R T 2 @RI~ 60Tk HL
TR S TW5A, phase 3~6 @ 30 m EDFRIES R
(Fig. NIZRBND L HIZ, TNHBKEFEDEDLVIZ

[ i

Fig. 8. The sequence of vertical sections (L1, L2,
~and L3) of temperature and velocity.  Panel (a)
shows locations of stations used for the sections,
together with bottom topography. (b) upper, mid-
dle, and lower panels show vertical sections along
L3, L2, and L1, respectively. Temperature is
shown by isotherms with contour intervals of 2°C.
The velocity component normal to the section is
shown in color; red shows positive (Z 10 cm s71)
and blue shows negative (= —10 cm s™1), where
positive is the direction of the block arrow shown
in panel (a).
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phase 1 (B)_

phase2 (F)
29°F 130 °

i IZ?'F 130°]

phase 3 (E)“

130°E

29°E

e

NN S 1. el 1 1 ) I

phase4 (C)

130°

phase 5 (D)'

130°F
[

phase 6 (A)‘

130"

29°F

29°F

Fig. 9. Schematic diagram of velocity fields at 30 m depth shown in Fig. 7. The arrow labeled K shows the
Kuroshio north edge, H, the flow around the warm tongue (anticyclonic frontal eddy), L, the cyclonic eddy,

and O, the eastward current in the Ohsumi Strait.

&, BFETEIY o (H) MR STV 5, phase 4
~5 O HOFEE, KXY b/h&E< 40~80 cm s~ #2
ETh2, 200mEHKITFHHDL, K (50~120 cm s~
FRE) & ET 5 EEN /NS < 20~50 cm s RRE
Thd, £/, ZOHE, WRANLHBFLE, KD
EAT OALRTREEEA O LT, HBRITETE - K
FMEIRE T M~ L JRET D, 7233, phase 3 & phase 6 T
DO HIZ30mET20~60 cm s ! FREDHRETH Y,
phase 4~5 & LB U TH H 202/ &V, phase 3 21
KREDIFEAEH, phase 4~5 ZFEH, phase 6 & B
LR ENTES,

H O#EME%, phase 4~6 O L2 1231F Ak %
DAL (EDWRE) 8L O L3 128 5L R & Dt
(IEDifiE#) TR 5 & (Fig. 8), 20 cm st ML EoWiE%
TR AR A 5 300 m T RA TV S, K DT
DALAFHEBR L D ITEF RN b OO, BAFIINES
FHZERVEE Z FF o TV 2 3905, $£7-, KB
WrEIZ BT D EEMROMEE N SHIMT 5% &, K DEEfT
DALFFEEEIEL & FARIT, BEAKEI 500 m IEIZ R SENE
AT —NEFFOTWLE XS,

ZDEDIZE, HE, KOREITOEL, RBERENE
Tnebh, BEIOMMBHEH L, #oT, HE
RSB D BRI & A2 ToREY L E2 bh 3,

L ZAT, phase 4 ® 30 m & 200 m EDKIEE
(Fig. 7) Zk#k32 &, Z OEKEMED BEREEIIE
JERY 721838 (RREMERTRIRO BRI >V T o 2 B8R
DZEMBRTI) BHRICE bR 5, $72bh, BEdt
BED (L1 AH3E) i, 30 m iEOBIRSIE 200 m %EL
RIS 2D L, BREMSR (L2 8L LS £

i) T, Z0#ikoTNWD, ZOKESDOREET,
Fig. 8 DKIRME TH R 6N 5, & HIZ, phase 4~5
DEEREMROFENE (Fig. 8 D L2) 7.5 &, 200
~400 m FEIZB1T DRI O REN LBz mAo TR
i (ROFFRE) (BN TWE, 2720, ZhbofH
F 1% 200~400 m BEOE T 1 JAME (89 15 km) 25
DIz, FHMAREEEIZOWTIEER TE 20,

%72, phase 4~6 D 200 m TEDKIRE (Fig. 7) 128
W, BREKEOEME 2 IXEERE, EREER (L)
DIFEZERT EH 2 OND AR RIRIRIEN RSN D
(Z DARREDO RSB Th o Tz, s
BREMERTH D EIEWETE RV, Z ORI,
BRAKE DRI M~DOBEILNE~BE L T 5 &
INTHAD,

S 51, phase 4~6 DINBFOFENIZEBT D &,
30 m ROFESA (Fig. 7) 1B\ T, KEBHREBED 45
WM (O) BRI ILTWA, O, 30 m BIZEW
THL100 cm s~ U EDFEHEE - TW 5, £z, O,
s b /5 & mKUEMRALGO RAR (H) &&Ekf L
TWDHEICRZ DD, O DitEix H OFiE (phase 4
~5 T40~80 cm s~ ) LV BB MNTKRE N, X
biZ, HE ORKESHIIBWWTHLREHETHY, O
IHEIR & 725 T 5,

= =D,
5. & W

AEOWHEZ THELNT —F 2y NTHE, 25
DKALZEE) (Fig. 6) 2RI R 2 &, B D L HIH A
DAABRHFEE L TWD LI b RA D, TOEEE L
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T, HiM D2 20 HEREOEAMOEEBHUSNDEE N E
moTW=Z EnMB X bND, Fig 3 ZFFMIZRD &,
BRI D 2 Z o TOWKIBRTRR DAL BT, & Ebig
LC, BRIt ERtSAIENEICR-> T D, £hid
v, BRROAL EBIAERITKALBBR L 2> TR,
AR AL k& 2 B DN E) & OALFEBIR DM & 13
EF R ->TWD, FAEORIIE, Nakamura (2005)
DEFEERICHRON5,

AKIBATHEROIE_E@BFED phase 4~6 [IZBW TR LK
BOKEIL, BT 2 BEdb&S 0T oEndrmE
FIENZ &7 2 RN B 7 o KEEfiAE EICERR S
TWhe, £, BAEOZLVIZE, BEEHEY Ofth
B EN T2, Z OREHEID Ot & Bz
DEEAT DI, KIE - WS TR TFERRRREAR 7 —
Nabb, BENZBITAMMEGEB L TW-Z &b,
ZOBAKEED Y O ERIERED BFRTHRIE & R
RTOPEYHTH D,

ZOEREMOBENBIROBERLELDLND
phase 4~5 Ti¥, BHEMRBENR b, LDV
OO (Bl 21X, HH - BEF, 2002; Isobe et al.,
2004; Koketsu et al., 2005) 1%, BHIRTHRRROFE - F
BB EHETRERORMFEREL L GERL T D,
%72, Nakamura (2005) DEAEER TIE, KR
BEtiiain & b T HEBED R TR AL S 7o REARTHR I A
HEREEOHARE R LT, ARBFFETORBRTHT
MDIFAE - FEER S, HEALEIZ L 5BILOME
DOFBEENRH DA, UM F IS EETHD Z L
Mo, MONFERLEECTHE LEDS, 4%, s
DBAIT — 4 % S LICHEMICENT T 2L ER D 5,

mREMED BRI OKER & B 2 5315 phase 6
DER (2000 4 6 F 15~20 ) DEAT (2000 4 6 A 12
~15 B) 12, FU#ERICEVT Nakamura et al. (2003)
2K DBUIAT LTz, R OBLAIL 72K ED
BT AL 1L, AAFFED phase 5 DFERE L <SH
T2, EbIZ, HoOBRITIE, BAEOEERIC,
FERR R ZER A T — VORKERRAEFEEL TV, Z
DIRKEMIRIE, phase 5 IZBIT KR EFE LA
W, E7, BOSBAILZBKEED Y OFEIE, A
72D phase 5 & RFRE TH Y, phase 6 & B L TK
Ehotz, TNHDOZ LiE, phase 6 % BEIRTRIBOK

EFLRRLEZEEIFL TS,

phase 4~6 |Z KFREBAIRIZIZAL STV 100 cm

s~ L EOF#EE b OKANEIY, Nagata and Takeshita
(1985) A3 L7z KM DO REE E — BT D, ZD
WL, BKEBRORAIEER L TS LR
250, FEROKE X EKBPREFE ThHoTz, HHED
(2004) 7% 2000 4% 6 A 21~22 B (phase 6 DER) (T8
Mz ADCP 2 & 0 BIE U 7= KPRHEEE & 2 O VER DORERE
EE-BABMEZBEET 2HNAOMEITTIZIRCTH-
Too FElo, HOOKEWEE KDL, KW THRA
TACHER LB RBOBEE R REL 2D, RIEAB
Wz D AL THETE U < I T BEEFE & e o Tz, K
BOREFL - OB L DFREMER & 5, KRR
DHEFAS BRI 5 20 BRRE ORI % HFo%
HWEFHO—EHTHELTHE, ZORELEHNZL-T,
JUINTETE 5 D ¥ FEtg s & KSR TR B (H 1)) ~ D3R

HERAKOEENRBREIND LB bND, EEIZ,
FHED (2004) X, AW TEM L2 CTD/LADCP #l
BT — & % O CIUNEE T OSSR % 772, phase 4
~6 I RRBYER TR O AT A, R HERKE
Bl L TWAZ LERLL, ZNHDOEVTERKIC
7 VOFHRAR AT %S, TOMEEE DR
D, (FHER DKM ~ORERIZEELZRIFL TN

HAETREMED B V) BBRIEVY,

& Z AT, phase 1 TiE, EBMRTHATIIIZ phase 4~
6 DOIEKE & IX R D ETEMERN, T EEkcrE
THAROND, ZNDBIZONWTIE, ZITxHEEL
FAKBRIROIL L DBFREBRRATH H72), ZhE
TEY EiF 2o 72, phase 1 DESEMERZL, AL
D FAE R BFR O VE T DO T OB 2> & LM
B PE 52 D3 C O TR S e B RUE M 0 Bl
KR (EHh, 1989) A5, BEALEIBOREIT DL & HIT
HABE L CX RN B D, EHE (1989) 1, Zh
ZREWIUNTEE 5 7> & FUINBE 5~ g Rk A3k &
Na3Z EER L, LEROEMREOR Tt E OREEN
RSN S,

AR TOIMEFICBIT B KE « FEGOEENIZ
B9 AMRATRE 1T, EEICERE L TELNIEO TR
WEBLHIRER %, BEOMRLR L& EICHORERST —
ZEFALT, AN RERET —Z IR 272 D
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Thd, SBRFFOKIE - FEESFIX, 20 BREDEH
DOEBLUSNOEFHRER->TNBZ EREZLND (4
23, HIF D OhZ BOKMLEE), KRR
b —EOHSRY, LV EENREREEL L TGE
LTV 72 0iziE, BUEERS, RERBERICL S
EBRORRINT —F ORENLETH D, TOB, K
MR TH/ONIFERIL, BEERER ORISR L Ok
BROBREHFOBRE & L THEEIZAED R DI
BHEEZD,

6. FE&H

JUNEE 7 O BRI EDEIL, ~7 VOEEIET
HLE TN D, FHAD B AR ORFEBA~VER
WL VEESINDBEOEER L 2D, AFFIZBWT
i, EOFHEAEEICETAEWENL, JUNESFTO
KR - EHOEENCEE LT,

ZOWHR TR AEHAL LT, BERE—4EROT =
U — M ELIZ IR T 20 BRRE OB HACARIRRTHRD g
DIRLALETHZ ENFbN TS, £/, BAXKED
TRk & £ DILRF M ~DBE), H25EDKADEHH
7R E), 1 X OKREYEEC 351F B A IR O TERR N4
SNTVD, HIT, AEEOBHIESICENT, &
KEMRFR L OMRKREM R E o kBT 20 RRRED
A CREICREET A ENREINTVSE, Zhb
DBREIHEICEEL TREZ > T2 EBX 650,
THETIE, Hx0HBIZONTOEL LTHRBICH
T AW RS LB L T Rbo Tz,

Z ZCAR T, JWNEE S TOKBRTR O I
S KR - EBOLEEZ, 1L U TR DR
MEBICERT 2 2R A, 7=V —HEKAEL
@ 82 R (15 km IR THR-FIRICERE) I8V T, il
M LIFEMITE T CTD/LADCP £ % 2000~2003
FEITET 6 MIEH L7z, W OBRIFHIZ S 20 BRED
A CAKIBRTHROIL EASEE Z - Tz, KR - IREE D
TEERFMRBBNICEY 2D, ThofERE27 <
U— ik ECOXKBRROBIMNEZfRZEL LTS
Bil, WEXTELNIKE - FEBDTF— 2ty
NI, TRETIELNTWARBOW AR Hi% &
BLEMTHo T,

WA_REEZ bITKIR - REHOT—F Y bdb, K
BRTROIE IS KR - TEEHEBIOEEIILT O L
BYTHDZENDholz, BEEALREORETT DD
TENSEICBE LT, BABOEFIZES DITHEND,
KIBRTITBABEL £ T L35, BEALERIBOKE
ITDIENE HIZBABILESL &, WATOEDILANC
BREMEERSRAEL, BARKESEREIND, Z0EBR

JEVEIRIIRERE - B 0 O KIEMIR m L TREL, 1T
DD HALTE FENCHODBKERER S ND, 20
BKE (BEUEMER) 11300 m BIZERSMEER D, &
K[UEMEORHRTRIB L B2 DD, Z ORI (5
KE) BALEFFICBE T 2 DI, 7= U —fis(T
ETOXKBITRIZIBAENOESIFE CLET 5, B
FIRTHRI I B AN R B < £ CE L THIT 5,
ORI, BB OBITORIIBASORE E T
B35, £, ZOSKEERRICEN, Z0O7E - EHE
BNARSKEME ALY, F 72 RFEEHEC 100 cm s™1 BL ED
EE b ORMFAERIN S, o, EioEEde
BELDVEIT DMEDTED b EA~DOBENIZHE, FZED
KROLITRTHE EF LEETRT D, 2ok, uilE
B COABRTRROA BiX, TEEEN: BT O KRR f
RloEm S Em TN O BERTRE (A E) 23, 1t
RHMIZBE L CHERT 2 BBO—AlmTHD Z &2
ot
KIRRTRBBA B bIEZIRE Tl L3 58RI
DIV KRR DR MR O R{bnY, YRz BT 2 20
RRECEM COMELHO—HThHHLTHL, =
DFCEEBNAES T, JWNETE T OIRFED b AFER
i (A ) ~DORERKOEENEML, £D
SRERAS, WU TR EEIMG LT 5~ T VOFHERD
KFEHERA~DEERICEELRITT ZLNEZLNLD,

@ &

ABIREAT O BIC, SRRBEZTAEVZIUNRZER
RIS SERT IR EN ) 2 5 B D BRI D0 G B FL R
L EFE9, B2 SST HBROLE TRIFEIZ o 7oK
PERSE BTt v & — R RKEMZTAT DK FiEL, &
EOIUNFETIZIIT 2 BB IR 2 fFMmE iR
B L TW T IDWTOKER G SEE & — P RIKERTE
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FrDZfE RAEL, 6 BouEE T BERRIC BT
BRI TERRTH VR WEEROBEERE
TUOFEMEEOERICHONLEHB L LT ET, K
WL EMKERNTRHE T v T 4 T WEEEYE
BOEBER O L EELB TR ORI ©
—# e LT TN,
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Variation of Temperature and Velocity associated with
Northward Migration of the Temperature Front
South of Kyushu, Japan

Tsutomu Saito * T, Hideki Akiyama * Shiro Imawaki ¥, Kaoru Ichikawa ¥ &
Akira Okuno * Takashi Setou * Shin-ichiro Umatani ¥, and Koji Tanaka I

Abstract

The surface temperature front off the southern coast of Kyushu is known
to migrate northward repeatedly, having about 20 day cycles. Its features,
however, are known only fragmentarily. We try to describe the time evolution
of the front in the three-dimensional way. We carried out three-dimensional
dense observations about temperature and velocity six times in 2000-2003. The
observations are rearranged to give a sequence of temperature and velocity fields
which describes the evolution of the front, by using the north-south position
of the front as an index. The rearrangement is justified by comparing with
successive satellite images of sea surface temperature obtained in a different
period. The sequence of temperature and velocity fields shows that northward
migration of the temperature front is an aspect of the formation, development
and dissipation of an anticyclonic Kuroshio frontal eddy on the continental slope
south of Satsuma Peninsula; the frontal eddy extends down to the 300 m depth.

Key words: temperature front, warm tongue, Kuroshio frontal eddy,

temperature field, velocity field
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