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On the Signs of Formation of the Kuroshio Large Meander
South of Japan

Yosihiko SEKINE *

Abstract

The Kuroshio south of Japan shows bimodal path characteristics between a large
meander path and a no meander path. As an initial step to predict the bimodal path
change of the Kuroshio, a transition process from a no meander path to a large meander
path is studied in the present study. It is pointed out that the transition process is clas-
sified into two subprocesses ; the first process is a generation of a small meander off the
southeastern coast of Kyushu and the second process is an abrupt amplification of the
small meander into a large meander south of central Japan. Almost all small meanders
decay rapidly over a continental slope off Kyushu without further amplification of the
small meander. The amplification of a small meander has a tendency to occur over a
flat region in the north Shikoku Basin southeastern off of the Kii Peninsula. It is also
pointed out by an simple analytical model and by numerical experiments that the current
path is almost stable over the contfinental slope, but it is unstable over a flat region.
This explains the observational evidences that the large meander path is formed over
a flat region, whereas the small meander decays over the continental slope. The
enhanced eastward shift of the small meander in the formation periods of the large
meander is due to the larger eastward advection by intensified upper layer velocity of the
Kuroshio. This is commonly indicated by the maximum sea level difference between
Naze and Nishinoomote across the Tokara Strait. It is suggested that the appearance of
the large meander path of the Kuroshio is possibly predicted by the eastward shift of the
small meander upto a flat region southeastern off of the Kii Peninsula in coincidence
with the maximum sea level difference across the Tokara Strait which is more than 20 cm.

1. FLBHIC LVORERDOEFICH S 2 HERERT — 7 OBENE S

HAREREOBEICIIRBIRE & UTKIETRIEE
ERIEITHEE (EEHKE) O->2b0, £ 0EH®
ERHNFANL SN TE /o, HIRKBTRENSESICH
BOLDTHD, Bz MOBEERRICIE URE
BERAIE NV I &0 SFICKIETREBO /BRI E
REBVIHENZ V. LML, RROBRERICLS
EBRE - MELEDORNE ZDOHOREREOEIRD
BREMNBIEE CEHISKRE - METF -7 DARE, S
Z0E9 (FAWE, Sexing, 1990), BEOHFEEF

19914F11A11 B

*ZERFEYERFEMBEREEEE Institute of
Oceanography, Faculty of Bioresources, Mie
University, 1515 Kamihamachou, Tsu, Mie
514, Japan.

NTWREY, TOHIDVWTIE, ZBEE L TEHAKE
1T« JERETOE/LERZFHMCR S Z EREREBO
NFEK L T2 ORBRIEREZZ BRSNS 5,
COXSEHEANS, BIR (1989) TRATREE, S
FERIEITIHREE DB ITBIE DIRBONKEEITICHE 5 Kbk
DOHBREER L THNONIZORRELT, (1)
BREL ST TE L 2 RiGKEORIE (BiB/L) B
BErGuwC s, (2)FEEHEoBEAMEIHS LR
NEWCE, (3) FEBELTREARMA/ LBELD
ENBEHT 5L, kD BERETOHEBROFHAE
BETHBIENTEN, INITEXARTIIRIICE
KIETTHREE A & KIETTIRE~OBITHEZ R RO
F—yBIUThICBE T 2 EREREREGTEI LK
LOEET S,



R #®E

2. REBFTREENORITAR

HROBRTE SN BMOIERIBITRIE, & KEIEST
WE~OBETHEOMEZE(LEFig. LITR Ui, BT
BEFAMEERRC/AIMEITIRE U CEE L, M
TEORETNEBIREINTERING, EHTN&ZEI
OBITBENERBEHMINITZLALOF TIHIFHET
3ETH b,

AMERPORE/IMETILEE 5] 2 &iEfTi0rigger
meander) & bWbid L9 (Soromon , 1978),
BENETNOBITICEL SRR TH B, LL, I
| COFIMBERHO/MEFTNBEMKIETICBITT 20T
154, ZTOREGAMNERMPTHEBT 2 2 LIcEESL
BTH b, £/, BRAKETIERIATHAHMICS
BER/METEERKEN %, Fig. 2 I SUNBERMBIC/ME
ITOEELTOWHRERT . METRBEIEELENS
BT TRET B0, ZOROBTRETICHTLE
HD121969, 1975, 1984FED 3H>TH D, KO D/|MELT
BHEBKy AOMIKHERBR LTV 5, L7zt > T, Fig.
LR UK~ OBITBEDOREOELEELET
EZ5E, BHOEREITHRIED, O KIEITREE~DEIT
BAUMBEERERFI/NMETORKEDBIE (Process [ ) &/h

d

SEITACE M Eh THE L CREBITAER S W 5B
(ProcessI) P> 0BG TEALS I ENBE
LB, ZOZo0BEREENEICFig. 3 IR L,
FMBERBO/NMETOFRE (Process ) WBAL T

SEXINE and ToBa (1981a) L O BASDET/H
T OREICBEHDOGEKIC X B3 FENZE LA DY
DT &l L C80cm - s BBERE VI EAVREH
foo &5, ZORBOEMIBABOEDOHFNTRD
MEH L DEITLTED, NEBZ~OEMEARED
BT & B IR R T/MEAT AR E T 5 FIREHEN B IR
Ehtce JDBITEREEBICIINIRO/NETORAER
ZHEAAL L BEE 7 VERNTbA, (1)EERICES
FERHITZ D & 2 M Tl IMBIT D & 5 SIRER I E R IREE
TRIEEEELBEWI & (SEKINE and ToBA ; 1980),
(i) FEoEINEEZ EEFRETE, EREDR
1T & D FUMN B R OIS £ TR AN D AR K X
WIBBICBE L/IMEITATER SN B, E72, ZTDEED
TRICELEA M v F U IR TESERTH 28T
EAKNESENSB & (SEKINE and Tosa, 1981
b), WEDHENTINT VWS, TDLS L THIMNE
BRI BENMETIR 2 ICEET 5, JOlE

b

T

N Jan - June 1969 Ce—/V;
34'7{?}/\\[ .

12 ApfT ~.
g/( " id i 15-31 July
yusd ~igly ]

L TiMan 24apr 26 May

1May

A \/L 13 Feb.
A ek 7 deduced siream line
——— 1 i —— uce
deduced slream line — 4G fen
. 1 1 N s 1 I 1 '
130° 135° 140°E 130 135° 140" E

CN M'aylAdg. 1975 ([z’l/u.'q

347 »\,«\,{W i
%:83
A

20Aug. - 3 Sepl.

o~
/Kyushu 514 Aug. o} 1~ 3-120ec. |
26- 30 Sepl. \;’i
4-13 Nov.
+ 4-13 Sept 3-130cl.
I L7715 July 150ct.- | Nov
‘o J 19-28 June 1o - 24-29 Aug. |
30 1-13 June - Ry ~5~ 12 Aug. — — — deduced slream line
L5027 May [ P RS S N S U W R S |
130° 1357 140" E 130° 135" 140° €

Fig. 1.

Variation in the Kuroshio path during the formation of periods of the large meander
path south of Japan. (a) After Yosuina (1961),

(b) after Sriogr (1972), (c) after NisHinDA

(1982) and (d) based on data of the Hydrographic Department.
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Fig.2. Occurrence and existence of the small
meander off southern Kyushu. The black
band periods show the presence of a small
meander determined from the Ten-Day
Marine Report published by Japan Meteor-
ological Agency.
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Fig. 3. Schematic representation of the transi-
tion process from no meander path to large
meander path. (a) Generation of a small
meander southeastern Kyushu (Process )
and abrupt amplification of the small
meander off Kii Peninsula (Process II).
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Superposition of the main exis of the Kuroshio during the generation of small meander

south of Japan. (a) Path of the small meanders with the Process II. Paths of decayed small
meanders without the Process II, (b) in 1965-1969, (c) in 1970-1974 and (d) in 1975-1979. Regions
with a depth of 1,000-4, 000m are stippled. Data source is the Ten-Day Marine Report published

by Japan Meteorological Agency.
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‘Fig.5. (a) Schematic representation of the instabilify model of the flow

over a constant slope proposed by IKEDA (1983),

(b) The instability

range (hatched area) on a wavenumber k vs topographic parameter hy

plane.
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Table 1. Evaluation of the topographic parameter hy (=L tan g /RoH) for the continental ‘
slopes off kyushu and Shikoku, over which the Kuroshio flows.

Case Representative  Representative Ocean Gradient Rossby
horizontal scale Velocity scale depth of slope - number hy
L (km) U (m-s') H (km) tan 8 R,=U/Lf,
maximum 100 50 2 10,02 0.1 . 10
minimum 30 100 .8 0.01 0.5 0.2
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Fig. 6. Schematic view of the model ocean; T mbdéi (left)' and F model (right) . The contour
interval of the depth of the T model is 500m and a flat bottom with a depth of 3,800m is em-
ployed in F model.
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Fig. 7. Results of T model. Patterns of the total volume transport function (upper two panels),
velocity fields of the upper layer (Ul, V1) and lower layer (U2, V2) at the 500th day. Contour
interval of the total volume transport function 1s 5 Sv. No velocity vectors below lﬂcm s™! in
the upper layer and lem+s™' in the lower layer are plotted.”
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Fig. 9. Stick diagrams of the velocity vectors at the seven points shown at right. (a) T model

and (b) F model.

Upper and lower consecutive sticks at each station show the upper layer

velocity vectors and lower layer velocity vectors, respectively.
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