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‘Long-Term Fluctuations in the North Limit of the
" Kuroshio Extension Axis and in the South Limit of
the Oyashio Water near the East Coast of ‘Japan

Hideo KAWAT**

Abstract

This paper describes long-term fluctuations in the north limit of the Kuroshio Extension
axis (NLK) during the period 1933 to 1988 (Fig. 2) and those in the south limit of the
Oyashio Water (SLO) during the period 1946 to 1988 (Fig. 5) in areas near the east coast of
Japan (Fig. 1). NLK is based on the GEK stream-axis and/or the isotherm indicative of the
Kuroshio Extension axis at a depth of 200 m (14°C); SLO is based on the Opyashio Front at
a depth of 100 m (Table 3). Relationships between fluctuations in NLK, SLO and the south
limit of the Kuroshio axis south of Honshu (SLK) and ENSO events are discussed. In 1942,
1960 and 1979, anomalous southward shift of SLK beyond 30°N and detachment of a cold-
core ring were succeeded by anomalous northward shift of NLK beyond 39.5°N and detachment
of a huge warm-core ring (Fig. 4). Propagation speeds of the shifts were 0.2 to 0.3 knot
(Table 1). Fluctuations in SLO are much influenced by east-west migration of a warm-core
ring (Fig. 7), and often become discontinuous. About the time when the great meander of the
Kuroshio path south of Honshu disappears, SLO always shows southward shift beyond about

37°N (Fig. 5, Fig. 2).
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. Fig. 1. Geography of hydrographic structure and
boundaries of areas. XF, the Kuroshio Front
i.e. the axis of the Kuroshio or Kuroshio
Extension; OF, the Oyashio Front; SLK, the
south limit of KF south of Honshu; NLK, the
north limit of KF east of Japan; SLO, the
south limit of the Oyashio Water; W, a warm-
. . core ring; FOI, the First Oyashio Intrusion;
c SOI, the Second Oyashio Intrusion; C, a cold
.~ water mass detached from FOI; U, a small
area of upwelling close to the coast from
Kashima-nada to Shioya-zaki. The areas where
SLK and NLK are -defined -are shown by two
sets of two meridional, lines. . The eastern
" boundary of the inshore area where SLO is
.defined is shown by a slanting line. S, Sh1ono-

" misaki; ‘D, Daio-zaki; O, Omae-zaki.
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Fig. 2. Long-term fluctuations in the latitude at the north limit of the Kuréshio Extension
axis (NLK) near the east coast of Japan (141-146°E) based on the GEK stream-axis or the

isotherm of 14°C at a depth of 200m indicative of the axis.

Values of the latitude at

NLK before 1970 are partly adapted from KAWAI (1972), and those since 1970 are read
from various charts of GEK current and temperature at a .depth of 200m. Solid lines
indicate abrupt southward shifts (= 1.8 degree) of NLK associated with detaching a warm-
core ring. Thick bars are periods of occurrence of the great meander of the Kuroshio path
south of Honshu. E is the year of ENSO event.
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Fig. 3.

(a) Northward protrusion of the Kuroshio Extension path.

(b) Abrupt

southward shift of the north limit of the Kuroshio Extension axis (NLK)
associated with detaching a warm-core ring. - (c) Northward recovering shift

of NLXK.
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Fig. 4. Anomalous southward shifts of the south
limit of the Kuroshio axis (SLK) beyond 30°N
and succeeding anomalous northward shifts of
the north limit of the Kuroshio Extension
axis (NLK) beyond 39.5°N in 1942, 1960 and
1979.
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B S

Anomalous southward shifts of the south limit of the :Kuroshio axis (SLK) beyond,

30°N and succeeding anomalous northward shifts of the north 11m1t of the Kuroshxo

Extensmn axis (NLK) beyond 39.5°N (Flg 4).

Velocity

Year . ¢ Southward Northward Time lag . Distahce”
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1960 6- 8 May ©18-21 July 74 550 0.8
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Table 2.  Latitude (°N) at “the ‘south limit of
small area of upwelling close to the coast from
- Kashima-nada to Shioya-zaki -and an adapted
value of the latltude at the south limit of the
Oyashlo Water (SLO) in’ Fig. 5 e s

Adapted - reading
_for SLO in Fig.5
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Fig. 5. Long-term fluctuations in the latitude at the south limit.of the Oyashio
Water (SLO) near the east coast of Japan based on the monthly isotherms

at a depth of 100m indicative of the Oyashio Front (Table 3).

Values of

the latitude at SLO since 1964 are read from monthly isotherms at a depth of
100 m prepared by the Tohoku Reg. Fish. Res. Lab. Values of the latitude
at SLO before 1964 are read from various charts of isotherms at a depth of
100m. S indicates a type of seasonal shift of SLO, W a type of blockade of
southward shift of SLO caused by inshore movement of the Kuroshio Extension
axis or a warm-core ring (WCR), D a type of southward shift of SLO caused
- by an offshore-moving or decaying WCR, and C a type of southward shxft

. of SLO associated with anomalously cold weather. - .
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" "Table 3. -Monthly ‘values of the isotherms (°C) at a depth 'of 100.m indicative of the Oyashxo N

i Front (KAWAI, 1972).

JAN FEB MAR . APR MAY - J UN JUL AUG SEP OCT = NOV DEC
7 6 5 5 . 5 -6 6 6 7 7 8 - 8 =
BHEI LR L EEKRL AV 2 HETIE, TR o iodk, SR BRI L

DEHIMINERL ) VBEEESh D LB, ThE
BB 7o, B FRI - (1984) L RERRAREE D B4
BHRZEER YV, B (1984) 132~3 B O3 OEEIRE
DREDFERER R LI DRSS,
Kﬁ(mgs)f@ﬁﬂmﬁmﬁﬁm mmnﬁéﬁ
FIERERFRE AR U T OERKOBEBREE L LIRS
HebDTHY, ZOFRIEOWTRIEEELTHRSB,
KAWAT (1972) % 1948~67 £ R% BT, dried
HRREDEMO TORERER A JITHKE L5
BRDI, BROE, FHEIMA TR EFEEI0R
B - i b B3, 100m BEEHEK B 1.4~
5.2°C, FHES L 33.1~33. 4 %0 L EFELER L,
T, BERTHRICAEY T 5 100 m EOLBHBEE DK
BrRENFEHEET AL (JIE, 1955) dPfeCER
L, JI& (1972) 1%, BEOEILHEAX TD 100 m B
BERAE IS A RTEE KE L ESZ VT, 100m
BEHFIFERIRIEEKR (Table 3) 2 RDDOTH
5, b&ibh, TOREKRMECIAERAGCISEHE
DEENR NI »> T\ b, L L, KRBT [HEEKA] &/
LT3 DL, SHWCAELBEE b oKk Tl
X BERTRO &5 i X Kbl k#iy
BT 5,

3-3. EROHF

B 5 D1964~884431%, /NI (1989) DHEEE—BEA
BREEOARLYESE L L, BB ESEATR LR
FRE GEALKBE) @ 100 m BERHE R bEE N TAR
> TBEIKERRE QI DT B, 1946~635E5
i, JIE (1959, 1960, 1961, 1962, KFK), WWEEWR
& (B&T), BARLEHELE (BERRT), g

BURSME R GULARD, BB EHERERMEREE

ﬂ(:mﬁbﬁyi%)#B@m&mO@kiéo

3-4. BREKEROELOEH

Fig. 5 CHER T2 HEKBEROEM OB #EY, Kic
SIEBIE LD TRNS,

1) BESERECtR 0B E LT, BEKERIR
By k2, BE2E /R LE) EivEesT
Z EDH,

iz, @)ﬁm%ﬁﬁﬁfﬁu&ﬁ%&%m%%t

HFiRoz &, (b) BEIRTEIEIER L b A DA <
F—vrbokbie, £OBRNETYRBNE T D
BloTR2bENEEN L H L THD Lk
%o LEE (b) AMEFSMRIETH Y, To—FlEK

R, EEIRTRO 100m BEEEKE &% LVREY b

OB & 100m FACEE & D3R, HEnisg
D 100m FHERERMCTIIN D 7o\ 2, HREHESR

Bt X v, ToXKRBBEOBRAETSE, -0
RO E VY REMESTERNCBE T3 2 s
(Fig. 6) o TR LT, BLiBIDIFEERBORE TH
514°C OEREIR, WALARKRSEWEN [ &
2, NEQ972) DX 2.5d *® 2.6d] KRIRN T\ B
L5, 200 m BAPE & Is T AESNFELE UTHRR
BRAHE TRIBIIC A 2\ e, Eilo X 5 i Rggst
BEER I,

DX, ADBARSKTETD AKX —vE, 2
KRICOKFEHE T VERD Z EWBR LT, B0
YOPRTNEROCEE T Licind, BEKEENTR
EHCHNCEENLT B B D LA FE, KOE B 2)Cc)
TRINB,

(2) BEk¥o#ER BRI, HEKBEROIEE
BRI ThLhiEE 5%,

CTHITERD X 512 3 DOMIEHBEh 3 (Fig. 7), (a)
BARBOERT X WV E—RHAOE TAEIESh, Bk
BRI EHCIRT 28 Fig. 7 OBHEH DEHE),
(b) BAMORERE I X BEKBOBENZE B AL
TL, BEKERIPESMCERT»H (Fig. 7 OEHEM
BIERREN) o T (a) EHFE DBBC BB, ()E
OB X b, BABOWEYFETSEE AN
BEL, BEKEESSBCERT 5 (Fig. 7088,
COFBEOTL () KR WTHESE B AOEREM D
U5 LS, RERERMIERMCE TAD 2 AKSAK
WMo b, JIbTe BIRR O AARS TR N B B
WM Bh, 7ok, TOIIERH (1988) DREEF~FKD
BERTEOBERIOKBEECLITW 5, 3T, HE
BROBENL, (1) THRRICI S REHFOBELDS
2, REX 2RTEOBHGEEB TH-Th, ThiEhEK
BT o7 RN TOREEE TR L 572

T, &

— 360 —



ARG o R HILE & BRKEIRO RAIZLD)

m S
0 n,
v -42
R oL/ >100 i
\ N N —-140-
S ; : . :
Fig. 6. Discontinuous shift of the Oyashio Front 38
(OF) caused by undulations of the isothermal
surface with the same temperature as the iso- B
therm indicative of the OF at a depth of 100m, .
e. g. 6°C for months from June to August. | I 1 |1 1 36
: 140 145°E
_ : Fig. 7. Three types of abrupt shift of the south
DX 3 EAEEBENET LD TH S, - limit of the Oyashio Water (SLO) associated

with east-west migration of a warm-core ring

®) 4R EOEHMED DS 19504 LA O\ T (WCR). (a) Abrupt northward shift of SLO
Bk, BEKEROFMACHPIHEREE & NI caused by blockade of the First Oyashio In-
BB 5D, trusion (FOI) due to an inshore-moving WCR
EEEM RS (Fig. 5 © S HIOEHIE) Tik, (from dashed lines to solid). (b) Abrupt south-
AR E £ B bR L, HERIILET ward shift of SLO caused by southward shift
’ N ’ T of FOI due to an offshore-moving WCR (from
EREL, Thir bREOBRCEN D Z LA S, FH solid lines to dashed), a process opposite to that
LA THEREL, RO 4 OOHEHEIRD, of (a). (c) Abrupt southward shift of SLO
(a) B E 7l RTIE AR DT X 55 R B 1 caused by westward shift of the Second Oyashio
R 5 § . Intrusion (SOI) or FOI due to an inshore-moving
4 F1$. 2 OFERERO St L EE T O & i WCR (a chain line). This is a process similar
TR ¥ T X AT B A DRI X D, BRI to {(a), but is associated with more remarkable
BEROBEREIEEIASE JUEDO AR EA K Fig.5 0 westward shift of the offshore Opyashio Intru-
FAR O T I 2 WHIDFT114E) sion through the eastern boundary (a slanting
(b) EEABOBEE ¥ 713 38R 1 I % BIREE: BRI line) of the inshore area where SLO is defined.

. s OF, the Oyashio Front.
RS BB OB & Ak ERRIC X b, Bk yast

FRD 6 BLEE THEL TV 5% (Fig. 5§ © DHIO
FH4%F) 2

© REGHROLXOWRNE: RESEROVET] ol e ‘ 1

FFESD, WHLBHLLHEMLIEEEOE (Fig.50C L /x ]
IR 249) o <l v/\/v \/\/\

(@) = Ofi OTHANZER D (Fig. 5 TEMDE 9 4F) %

FEROY S IER L DR SRR B DU, KK, a4 r .

EEHEMERPBIELTWADTH AN, HEEEEKELO 1945 50 55 60 65 70 75 80 B85 90
BREE L kR, BRSO MHER, BRELSSER L0 Fig. 8. Long-term fluctuations in the annually
kb, BELEIED SR CERRI D ERR averaged latitude at the south limit of the
Ehd, COFMEMPEETS L EE, MI(1989) ;z)zi“o Water (SLO) nesr the east coast of

DEFE—-FPFEACEEDIIDEELZDBNS,
361



A

=

{4) ﬁﬁ%@ﬁ@%ﬁ@?ﬁ#ﬁ(mgs)u,ﬁw
CET LML E - '
1948, 1954, 1960, 1967, 1972, 1979, 1985£ﬁa>jtﬁ§
413, B1%H (3) (a) 0 R ¥ 7V KB K O BE R
iéﬁfmmﬂﬁVﬁ%?% ﬁﬁ%tﬁkf@%ﬁ%
121950~19634E = AIITHA L, FhIEHE VD
i, BHER E LB B &, BAER 0O
19594 & % LIATIE 38. 5°N AHEIC 5 » T hs, 1967~T724F
it L, 1981 4 LIRS U3 UL Bl LT\ i,
19674 LARE D L, /N11(1989) DIEHD L 51, &0
TV a—ve VIEKEORERR E, 1987; SEKI-
NE; 1988; BEME, 1988) LBEE LT\ 5,

(5 AIMNEH O BEKIBTHMET 5 = A, B
KEBULFIS 75 < 37°N AR LRI & CHfR LT e
1955, 1963, 1969, 1980, 1984, 1985, 1988473z h
D, CHITKRO X 3R ARG, FUEfTAN
W5 Exwiy BRI CREEY & TN EEER
ZEET 570, FRANEREGHEEM OB &R
BICR W THARD 5 2 EHAEKRT %, L, 5
Db ORI X VBT b s, dbh
b OBKIRSLE L s ), BHIASET TS L
td&s L L, HOHERERIELLR, Bl
51@ KM%%DQ@k%ﬁOﬁ&kﬁﬁKOWT&
OREBEYFRTIRGCEDT, EBLNRERRTHE N
BETD km#bhztb

4. %b@k
N,E@ﬁﬁm%m&ﬁMmﬁmoﬁu%ﬂﬁi TER
ELUTE, EHEERCEREEREAEL RS, L
2Ly FEREORFERECHHAE & ENSO & DB
BEERIPIES H Y (YAMAGATA et al., 1985; I,
1987; HANAWA ef al., 1988; BO4R, 1988), BEE% K
BEEBRENCTAIENEBNLWEWSERL S,
B E, BRI & BEKER O, HERE
B e KRR WFOLEIE P BIS LT B0 L/, &
B RERPEY RIETRMNER L HET 3 & &3,
WAWARETERY DB, EREHSE OBy T
% ENSO BIEEfEsl (BB AP SST #83, i
MDA B, Darwin SUEHEH, Darwin-Tahiti
RUEZERcE; WRIGHT (1984)] En v T, B
ﬁﬁﬁ%ﬁﬂﬁ%hﬁﬁéﬂﬁﬁfxybﬁhﬂ”ﬂ—
YOEFHER LT v A~ Vg Y }_‘ BEbe AR =
%@K%mbzﬁkoﬁﬁzﬁﬁ?%ﬁﬁﬁéam,E
BRISIERI B R CE R o, T BMNLH

NS SRR

t&&@ﬁﬁkowf@ﬁ%%ﬁk Ik o i,

Zkiﬁui, T:%Tﬁ)ﬁt)ﬁ‘ﬁ BBL &“zfa?ﬁ LTk
Mw%ezt%Miﬁﬁ%%@&ﬁﬁﬁﬁﬁwﬁF%
ﬁ%&bf“ibfb&hpkfﬁéoﬁf@%@@ﬁ
Fk%h%%ﬁ?%t&hﬁbﬁ_NMn%mhﬁwﬁ
& GEK I & 0 ¥RHE, mwﬁu@thAwm(mm)

WL TH B, L L, 19705 LB SWTiE, . g
IR BT E Ieh o te Tk, FEIEE fEER
©FR oy T, EEES O AOSRBRII
DT, BROMOSRHEC GEK HHEE & b5
e LT, SR O E 2 AT - T B 7, 2
RLTIVEBEBETEIMEEE OGS kri%o
BRI, KAWAT (1972) OERNT, B rFlfT4m =
@éﬁﬂkm%uh%%ofaghﬁgﬂﬁﬁw:ﬁm
1962~69FENIC DT, EDBRIEAE S HIERL B
2C, FIERXETHECA05 5, &2, 19664£10
H21 0 L23H OKFN E DBBI X, Sirimdne
V35 6°N IE b o, Eho, 196248125 OIHFED BN
T, SeEidbiRE 89. 5°N ASFicd - 7o,

ZOX SRR LS B, AL L OB Ly

MAE/LIOEBELNEDTREC B X Wot, 7o
B, L OBOPRERET DI, BHONE, Bl
HUAL T2 EATHETOBAMOME, BB~ o
XBT & ofy klaﬁmm@ﬁ%,ﬁ%£%74®
PAR IR E MR DB 5,
- BRER, AEOFERBCOLTHEREERYE - 2|
FERL, WO O R R0 Bk e
HEE UARGE S M BT YR R UK EE R S T R B AR B o
FRECS LEL LB LEF3,

X -y

AN, H.S. (1980) Observational evidence of the up-
welling off Cape Shioyazaki in Fukushima Pre-
fecture, Japan. J. Oceanogr. Soc. Japan, 36,
85-95. S

B R BEAT - WA - P)IHE (1985) 7
BN O REIF WA BT O\ C. AT, . 19,
99-109.

Hanawa, K., T. WATANABE, N. Iwasaka, T.
SUGA and Y. ToBA (1988) Surface thermal
conditions in the western North Pacific during
the ENSO events. J. Meteorol. Soc. Japan, 66,
445-456.

BEE&EF - NIFEE (1989)
BB DB

FlZE— (1984)

=BEREO KBS
FPf. BEAbKBFER, 51, 183-190. -
PLERR. B TImERE, 16(12),

—362 —



FLYE XA ¥ 0 RN IEIR & A R IR 0 )

690-696.
AR - LIS (1983) 1979@*)”%75(&1@4@;
BoRWAUR. WL ~149-157. - -

B ERET El/i\l_éé@ﬁ@, 1955 634F.

W LRET  WeFEEER, 1974-884E.

HWER® (1987  JbkFErEEPLE LB DL ED
BibieownwT. K&, 34, 777-781

JIOIER (1986)
BeoWT. YRS SRE, 42, 319-331.

JIE3EK (1955)
Bz owT-L BALKBFR, 4, 1-46.

%S (1959) BRI R 5 AR &2 D%
BNz DoWT-TITL RS 5 SER D ARELE O T) &
BV A€V F H B OEREE. FAKTER, 13
13-59.

JN&FES (1960)
?il:zlﬂﬂﬂﬁlﬁf’ﬁﬁi#ﬁ ﬂ@?ﬂ%@ﬁr éﬁﬁ‘.ﬂﬁ%
108-121. - °

J&3EK (1961) HB%HZ?@%:IE@E@A@%LHIZI .

}lﬁitKﬁTdﬂ#ﬁ(J}:‘fﬁiﬂx, EE%IJZ%FF‘E ﬂ’ﬂﬁ;ﬂﬁ%‘f, ’

84-94.

B (1962) ﬁEﬁﬂzB@?jE(ﬁiEﬁ@A@oHHlZI

SO FEAEG, IRRIZSUEE, PR,

76-87.

KAWAI, H. (1969) - Sta’glstlcal estimation of isotherms =

indicative ‘of the Kuroshio “axis. Dee Sea Res .
Suppl. to 16, 109-115.

Kawar, H. (1972) Hydrography of the Kuroshio
Extension. p. 235-352.
aspects ed. H. STOMMEL&K YOSHIDA Umv
of Tokyo Press. :

JI&EFESR (1972) B &8 3 oWl p. 129-321.
W 1T GEEERIF IR, 2), BEERRARER
W, BERFELRE -

&R (1977)  BEISE X b A S Ak KTUE KSR,

. BTlumrERtaE, 9(12), 53-60.

KRIEZE (1949)  » YA RBNE. BEEE, 45pp.

AFEZE (1973)  BLHERI R 5 BAREBE KO
R BRO T DM, 19734 B AERSESE
KEMIHEEE, 32-33.

K[ET W, 4-6, 1954-574F.

RET GIELRBIER, 1957-634F.

S&T (1989) BELRHVHE—b 89 EERBT S
WRORFLG L AL —C DKL R L—
(IV). 433 pp.

BEmkk (1988)  BPEERBE 'f" vuRvy s [E
s S\ B YRR RS L R REIR OB | FRALE,
1-4.

TREFEES (1984) ﬁk@ﬁ@mﬂ%@LOVT,ﬁt
JKBFER, 46, 61-79.

R B (989)  EMEEIC B B REEEOEE.
AR (b) A E BT R X O HEEER O
ZEBHERS & Bt vEaE] "”*L?roﬁ‘%ﬁﬂl% 7] ﬁ D%
#, 68-76..

Bl O B OB MBE

SRR s B N Lo - MIEE - BEAT (1989)

WAR264E BAL YRR AR A Y BT + A .

“In, Kuroshio: its physical-

B g . (1988) .

ZERERRAY BRI R R ER SR,
1960$ Clo

ﬁm%ﬂ% I BE (1984) ¢ ERICHBOWBRED L&
%, KEGHETREHR, 45. 44-48.

INFEE-(1989) BB —BATARERE OZLH). ik
KB, 51, 1-9.

MNFEE - BT - RE—BF (1987)  FEE—FA
@Eﬁbk%DKEE%@’\@W%“ RALKIER, 49,
1-15.

=ERREs R S e
B A Yplidtr. BALUKPER, 51, 23-39.

PINEE « tE2 KT (1988)  AIBIEHATEREAR
A A AEEOBEFIER. FIOKPR, 50, 1-24.

OTsSUKA, K. (1985) Variability of the Kuroshio
deduced from sea level data from the Izu Islands.

 J.-Oceanogr. Soc. Japan, 42, 106-118.

RasMussoN, E.M. and T.H. CARPENTER (1983)

- The relationship between eastern.eguatorial Pa-
.cific. seéa. surface-temperatures and rainfall over
India and Sri Lanka, Mon. Wea. Rev., 111, 517-
528, .

RikmsHi, K. :and S. UMATANI (1977) Characteristic
features of the Kuroshio with and without the
cold water mass south of Enshunada. Rep. Res.
Inst.. Appl. Mech. (Kyushu Univ.), 25, 79-101.

SEKINE Y. (1988) 'Anomalous southward intrusion
- of the Oyashio east of Japan. 1. Influence of the

.'seasonal - and. interannual variations in-the wind
. stress over the North Pamﬁc J.:Geophys. Res.,
93, 2247~ 2255 - :

ﬁﬁﬁéﬁ"ﬁ”a’kﬁé?, B TR D
LE), e === g OFAE LIERTFEORRED)
L oBYE. A TR, 20(6), 310-316.

TAFT, B. (1972) Characteristics of the flow of the
Kuroshio south of Japan, p. 165-216. In, Kuro-
shio: its physical aspects. ed. H. STOMMEL &
K. YosHIDA, Uhiv. of : Tokyo Press.

BALABF LIRS R, 1958-60, 1962 F.

FALKBF ALK IR & FRR. 1964~ 88@

WORTHINGTON, 'L.V. and H. KAWAI (1972) Com-
parison between deep sections across the Kuro-
shio and the Florida Current and Gulf Stream.
p. 371-385. In, Kuroshio: its physical éspects
ed. H. STOMMEL & K. YOSHIDA, Univ. of
Tokyo Press.

WRIGHT, P.B. (1984) Relationships between indicies
for the Southern Oscillation. - Mon. Wea. Rev.,

- 112, 1913-1919.

YAMAGATA, T., Y. SHIBAO and S. UMATANI (1985)
Interannual variability of the Kuroshio Extension
and its relation to the Southern Oscillation,/El
Nifio. J. Oceanogr. Soc. Japan, 41, 274-281.

FEHE= (1961) mJllTs@ﬁ(fl%ﬂdJﬁ&EMO EEZ O
T (FD1). KIBEHR, 67, 54-57.

— 363 —



http://www.tcpdf.org

