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Fig. 1. Sea level difference between Kushimoto and Uragami from 1970 to 2010. Hatched areas show the large

meander periods determined by the Japan Meteorological Agency (JMA).
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Fig. 2. Classification of three stable paths of the Kuroshio along the south coast of Japan by the sea level
difference between Kushimoto and Uragami, and the sea levels at Miyake-Jima and Hachijo-Jima. After

Kawabe (1985, 1986).
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Fig. 3. Three stable paths of the Kuroshio along the south coast of Japan. tLM: typical Large Meander path,
nNLM: nearshore Non-Large Meander path, oNLM: offshore Non-Large Meander path. After Kawabe (2005).
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Fig. 4. Location of the tide stations along the southern coast of Japan.
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Fig. 6. The Kuroshio axes along the south coast of Japan from Jan. 1970 to Dec. 2009. Axes data are based on
the Kuroshio Axes Data Set distributed by the Marine Information Research Center (MIRC). Each axis data

is interpolated at 10’ in longitude.
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Fig. 7. Occurrence frequency of sea level difference between Kushimoto and Uragami from Jan. 1970 to Dec.
20009.
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2009. Hatched areas show the large meander periods determined by the Japan Meteorological Agency (JMA).
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Table. 1. Time to take the southern limit latitude of the Kuroshio axis to approach 32°N for formation and
disappearance periods of Large meander.
FormationPeriods DisappearancePeriods
1975 Aug. — 1980 Mar. 1 month 15 months
1981 Nov. — 1984 May 3 months 48 months
1986 Dec. — 1988 Jul. 2 months 4 months
1989 Dec. — 1990 Dec. 4 months 8 months
2004 Jul. — 2005 Aug. 2 months 4 months
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Fig. 10. Scatter plot of southern and northern limit latitudes of the Kuroshio axis from Jan. 1970 to Dec. 2009. @ :
Large meander period, @ : Non-large meander period determined by the Japan Meteorological Agency (JMA).
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Table. 2. Mean, variance and co-variance of southern limit latitude and northern limit latitude for large

meander period and non-large meander period.

Large meander period

Variable Southern limit latitude Northern limit latitude
Mean 31.07 34.03
Varia'nce and co-variance [3387 0991)

matrix 0991 3.335

Non-large meander period Southern limit latitude Northern limit latitude
mean 32.7 33.77

variance and co-variance
matrix
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Fig. 11.

Same as in Fig. 10, but with discriminant function between large meander and non-large meander

(thick line) and the square of Maharanobis distance function (thin line).
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Fig. 13. Four different paths of the Kuroshio classified by the combination of the discriminant analysis and
the K-mean cluster method. A: Large Meander West (LMW), B: Large Meander East (LME), C: Non-Large
Meander South (NLMS) and D: Non-Large Meander North (NLMN) .

Error bars are standard deviation of each cluster at every 10 minutes in the longitude. Alphabets on the
map show the tide gauge stations shown at (K) Kozu-shima, (M) Miyake-jima and (H) Hachijo-jima.
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Fig. 14. Sea level anomalies along the south coast of Japan and the Izu Islands when the Kuroshio takes; (a)
Large Meander West(LMW) path, (b) Large Meander East(LME) path, (¢) Non Large Meander
South(NLMS) path and (d) Non Large Meander North(NLMN) path.



it a T Tk 2 F o 7o SRS 28 B A bT

FHIC & % nNLM Ditss D & ORI 2 8fHm & —2 L

TWwd,

U 72 & 90z, LME WO REHIC, BARDE L
DRI ZICEZN R iz, £, 2/ 3L
B ORI & v 5 & EF RN OLEEZFER L Tw3 E
WHTETHD, TS W EFMETIE I E TIC
BT hro/zdbDTH5, LME Zefro3dti
REFTELTVDI EDL, KBTI & HlT Sz
ITH BN, LMW OEHLERZIZ-ZTVERLSTED,
NLMS D356 Ot 28 LE 2 — L Tw b, JlS,
LME & oNLM OO FIcEEN T WK TH D &

189

DTH 5,
2T,

RETIXZ D 4 0ERIBRICEH L

6.2 REFRBED & BAREHHOMCE DK

1970 4 1 A2 5 2009 4F 12 A % T O HAR &t o #fL
Z DR RINI 450 Rz &b Cn L% (Fig
15), A0 D>I1E LMW, R0 LME, fkfo ik
NLMS, Ho D iE NLMN ICHHET 5, TR EHAD
RIS RTIC L o THES N RIETHIZ R L T 5,
Kawabe (1985, 1986, 1995) i3 Fim14 it B [H] 0 % i 12

Ezbohb, £72, LMW & NLMS, LME & NLMN © ZLCTCW3EY, ZOFRT, WEPREATIRE I$IERLE
ZNE N ZBMHAANAIC 2> T 3 RUFBHIRFE VS TEEEE &> T aBRIC, N J e ciihasers
__gcén)‘“] [ o | DOM> B> DD > (DD DD IOD I BRID DD DI DD DD I D >H>) PP DD DD IO DO | L2
E § 20 WVW + .N‘L' ‘I WJ“A M‘ W WM JA, Aul by
F-a AT MW i M PR WWMN’ LI VPN SPRUNAS A |  E A S oo
© 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979(year) 1980
écgal)"_ob» »>» PODD DORD- ML > Db > ] > DL DRED- 35 bt B3> DI D02 DDbb DD DDDIDID- » > BRI >, DD |
) i b TR
R Ll O Y L PO Y\ o o e W L Al
© 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989(year) 1990
ic?)mw»' DD Dbt DD DD IO DI DD DD BIRDID > D DD I [ ) B> b > > > RN B > [ 3 X3
Eg 20 | A“Mr b s %V i i N‘Mw oy ,\[h ) W
38 g lase iy i Y Y VL PO 0 T G A G YVl
UJ;E \HHHHH\HHHHH\v\W\VM\HUH\\W\V\\WHHV\W\HHHHH‘HHHHH\HHH\HH\HHHHHHHT\HH\HHHHH\
1990 1991 1992 1993 1994 199 1996 1997 1998 1999(year) 2000
T(ch])“o »p »>> > [ d » B i »
5 Iy A M
28 2 ‘ A MM\ AL U}W wmm‘ﬂ gl ST l%ﬂﬂw 2 b
52 gluadidly MJWW (¥ AT VA [ L) Wl [
= T Al T T
= 200\0\\\\\\\\\2\00\1\\\\\\\\\2\00\2\\\\\\\\\2\00\3\\\\\\\\\2\00\4\'\\\\ \\\2\00\5\\\\\\\\\2\00\6\\\\\\\\\2\00\7\\HH\\\2\00\8\\\\\\\\\2\00\9\(\),;;[-\)\\\2\010
Occurrenpe Frequen‘cy(%)
P NLMN
NLMS 1970 Jan.-1989 Dec.
P LME
P LMW

1990 Jan.-2009 Dec.

Fig. 15. Periods of four different paths of the Kuroshio are shown by colored triangles on top of the time
series of sea level difference between Kushimoto and Uragami from Jan. 1970 to Dec. 2009. Hatched areas
show the Large Meander periods determined by the Japan Meteorological Agency (JMA).
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Table. 3. Number of transition processes among

LMW, LME, NLMS and NLMN. Circled numbers

are shown in Figure 16.
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Fig. 16. Schematic Fig.s of transition processes among LMW, LME, NLMS and NLMN. Circled numbers are
occurrence index shown in Table 3.
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Fig. 17. Formation, decay and fluctuation cycles of the Kuroshio paths.
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Fig. 18. Kuroshio paths obtained in this study. LMW: Large Meander West path, LME: Large meander East
path, NLMS: Non Large Meander South path and NLMN: Non Large Meander North path.
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Fig. 19. Schematic diagram showing the relation among 4 Kuroshio paths and sea level differences between

Kushimoto and Uragami, and sea level anomalies at tide stations along the southern coast of Japan including
Izu Islands.
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Statistical analysis of the variation of the Kuroshio path

Jiro Yoshida!** Eriko Maeta!’, Haruka Nakano!,
Hiroki Deguchi? Masao Nemoto!

Abstract

The Kuroshio Current path has been classified into three passes: typical Large Meander
path (tLM), nearshore Non-Large Meander path (nNLM) and offshore Non-Large Meander
path (0NLM). We investigated these paths in more detail statistically by Discriminant Analy-
sis using Maharanobis Distance and K-mean method (Nonhierarchical Cluster Analysis). We
used the sea level data along the southern coast of Japan and the Kuroshio Axis Dataset from
January 1970 to December 2009. We defined the southern limit latitude of the axis of the
Kuroshio between 136 and 142°E and the northern limit one between 136 and 140°E as indices
of the Kuroshio path. We classified the Kuroshio paths into four paths: Large Meander West
(LMW) path, Non-Large Meander North (NLMN) path, Non Large Meander South (NLMS)
path and Large Meander East (LME) path. The LMW path corresponds to the tLM path, and
the NLMN path corresponds to the nNLM path: however, both axis of the LME and the LMW
extend beyond 32°N before approaching the Izu Islands, and both axis of the LME and the
NLMS take the path to the south of Hachijyo-jima. In the period of the Kuroshio taking the
path of LME, the sea levels at Hachijyo-jima and Kushimoto are low, indicating that the LME
path is one of the paths hidden in the oNLM path. In this context, the oNLM path should be
divided into the LME and the NLMS paths. We also discussed the transition processes among
these four paths: the change of the NLNN path to the LMW path, following LMW = LME >
NLMS = NLMN.

Key words : Large Meander West (LMW) path, Non-Large Meander North (NLMN) path, Non
Large Meander South (NLMS) path, Large Meander East (LME) path
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