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Fig. 1. Winding-angle schematic representation for
a segmented streamline.
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Fig. 2. Trajectories of a) an anticyclonic and b) a cyclonic mesoscale eddies remaining over 52 weeks. A black

diamond is an original point for each mesoscale eddy.
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Fig. 3. Locations where eddies a) merge and b) separate.
Table 1. Information about zonally averaged phase speeds of a mesoscale eddy in

the northwest Pacific. The phase speed for each mesoscale eddy is calculated by
the zonal distance and the period between start point and end point of the eddy.

region kind of eddy num. of case average[cm/s] SD[em/s]
20.0~22.5°N, anticyclone 214 —6.591 2.158
125~180°E cyclone 236 —6.635 2.192
22.5~25.0°N, anticyclone 231 —5.717 2.132
125~180°E cyclone 263 —5.391 2.099
25.0~27.5°N, anticyclone 235 —5.024 1.639
130~180°E cyclone 268 —4.888 1.719
27.5~30.0°N, anticyclone 221 —4.587 1.669
135~180°E cyclone 211 —4.666 1.564
30.0~32.5°N, anticyclone 186 —2.899 2.417
135~180°E cyclone 203 —3.351 2.164
32.5~35.0°N, anticyclone 134 —0.692 2.109
145~180°E cyclone 160 —0.635 1.956
35.0~37.5°N, anticyclone 156 —1.557 1.661
145~180°E cyclone 153 —0.857 2.041
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Fig. 4. Meridional variation of zonally averaged
phase speeds of a mesoscale eddy. The solid line in-
dicates the meridional variation of the phase speeds
estimated by propagation theory for extratopical
freely propagating, nondispersive Rossby waves
(Chelton et al. 1998).
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line) on 31.25°N in each mode. A horizontal line means the standard deviation.

Table 2. Detail information of Kuroshio small me-
ander for each mode.
num. of case  weeks ave. SD
MODE1 34 257 131.966°N 0.213°
MODE2 18 218 132.225°N 0.376°
MODE3 16 250 132.655°N 0.701°
ALL 68 730 132.285°N 0.561°

IR & f/NMEITERE LTHtEL TW3, £ 2T, A
HTbEMLHLZT, HEMKSREREMET2 &
DSERE & S AT, Fig. THOERE, MR
CB T2 EMRMOREDOE R NS5 A TH B, HERE
CeR NS aEHBE, 132°E, 132.6°E, 133.2°E
3EHTIcE — 7 WH 6N, BHOE—- FPEREDE -
TW5 X HITRZY 51 %D T Ebuchi and Hanawa

(2003) & CIEHAMZRELHLZZH WS I LI
FELIBWEHAlaNE, £IT, I TRENMET
HR % B R b RICTAIE L TO RO REEZ b &
2, TOfEN 132.5°E K b DK% € — F 1, 133°E &
DIDOEEE—F 2, 133°ELIHOELE—-F3LLT,
EITORZIAZHZIIIDDE— FITHHEL -,
Table 2 IZ& € — FOIEITOFE L WIEHZHE 5, 2
68 [l BEPIMEITRER DN, F5rD 34 [M5s, RO/
SVE—F1OITTHD, IRIBOKEBE—FIIFT
ODEEEFHDI6EEL TV, L Liahs, IR
TH~3E, E-F1&E-F3RETNTN2BTEE
255 TH 1o THbHH, E—F3O/NEITTERITE -
F1OoHEZED b, PR TR 2 SRS &0
S 12,

IolT, BE— FOZERMR T —VOBGTZ1T - 1,



128 HIF « APRH « ik « 7B7K « 205

€ — FHT, JUNREEETB X OPUEM O T o,
TR D R & B & D ITATE LT W R SIS iE &

BRIV ITME L TV SEER 7 (E % Fig. 8
IR, %E— FRICBWT, &bHEX D IR ALE
LTV EICHEREREN D 20 E 5, 9%
HRKED t EEITE > THRET L, AREED,

30°N /5 32.2°N OHipHicBWTHAELTEBY, K€
FOZEM R r —VITEWDIH 5 T EpRantc, 1,

TEIT AR A HiPHIE, K D Bk 5413 EIRHEIP IS
5 EBH S ER 5, Nagano and Kawabe (2004)
&, HAR RO OBIHEICS L T frequency do-
main empirical orthogonal function (FDEOF) fi##
TV, BohkHE2E-FEEIE— FOBRSZERL
T, BEVNEITORH LTV S, KTE DO N %
Nagano and Kawabe (2004) O fHEMES LAEDE S
L, ®—F20/NETHERIE, type a, b D/NEITIC,

E— K 3 O/NETHRIE type ¢, d iITHIE LTV D & B
bz, £/, T—F 1 O/NMEFTHERIEIHEI - F LD

BIERDOBEITHIEL TV S E b s,

AR T, KB/ NETER E EELO & 5 ICEH IR
o BEREORE A RT3 SO T — Rt T, Fic
E— F3DORESI/METTHERIC OV TiEGm L TV <,

4.3 NMERFCEITZHRZBOLEL/NETTOFEE

Fig. 9 1%, £— F 3 O/NETHER S B, 2004 FFOH
BIRUEATICEED - 1o, EVINMEITA R b R L 1ol
HmERASTH 5, ZOXP 6, JUNFEREOEHN
ftskic, EKUEHMBAIFEEL TWE T EDbr b,
L, COESHMRDS, Tt R OiTicft-> T
U RS MEEEL S £ 5 OXBNIE T E 0, Hist
sk 3, o RITRKE@ATFEE L, EicmXUt
HWIRBHFAL TV B, EEkOPHEEO S, tho
lEoFERicBLTbRoN (KB, dHubb, 4
FlOFERN S &, SFTELOMATHEMBINLTVWE X
575 [l s BBl U 7o & S I/NEefT a4

Fig. 9. The oceanic condition, when Kuroshio axis was located at local maximum longitude on 31.25°N in the
periods categorized into mode 3. Contour indicates sea surface height anomaly. Gray shading represents
negative sea surface height anomaly region. The gray dashed line points out the position of Kuroshio axis.
The black solid (dashed) line indicates an anticyclone (cyclone). The small closed circle indicates the center

of each mesoscale eddy.
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Table 3. The number of an eddy shown in Fig. 10.

MODE1 MODE2 MODE3S
Anticyclone Cyclone Anticyclone Cyclone Anticyclone Cyclone
East region 135 110 96 82 67 153
South region 22 85 64 64 99 89
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Fig. 12. The same as Fig. 10, except we show only the center of a mesoscale eddy whose Hc is over 10.25Im.
Red and blue points indicate the locations of anticyclonic eddy and cyclonic eddy, respectively.
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Fig. 13. Trajectories of a mesoscale eddy whose center was shown in Fig. 12. The black dots indicate the cen-
ter of each eddy. a) development period, b) propagation period
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Table 4. The number of an eddy in each region in Fig. 13.
development period
> =30 deg.N <30 deg.N
<135 deg. E |135~145deg. E| >145deg. E | <135deg. E |135~145deg. E| >145 deg. E
anticyclon 1 10 1 2 1 1
MODEI cyclon 0 7 0 2 4 2
anticyclon 0 5 2 1 1 1
MODE2 cyclon 0 4 2 0 3 1
anticyclon 3 1 1 4 6 1
MODE3 cyclon 0 7 3 2 1 2
propagation period
> =30 deg.N <30 deg.N
<135 deg. E |135~145deg. E| >145deg. E | <135deg. E |135~145deg. E| >145 deg. E
anticyclon 2 9 1 4 1 1
MODEL cyclon 0 6 1 4 2 3
anticyclon 0 5 2 2 2 0
MODE2 cyclon 0 4 1 2 4 2
anticyclon 1 4 1 3 4 1
MODE3 cyclon 0 b) 2 1 7 2
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Table 5. Information of Eddy H and Eddy L exist-
ing in development period of meander categorized
into mode 3. The values of the second and the third
columns indicate average values of He of Eddy H
and Eddy_L, respectively. “X” indicates no Eddy H
or Eddy L.

accrual date of meander Eddy H Eddy L
categorized into mode 3| (ave. of He [m]) | (ave. of He [m])
Apr.06.1994 0.272 —0.337
Dec.28.1994 X —0.550
Apr.19.1995 X —0.318
Feb.05.1997 X —0.407
Mar.11.1998 X X
Sep.30.1998 X —0.347
Jun.09.1999 0.296 —0.350
Jun.12.2002 0.405 —0.319
Nov.20.2002 X —0.362
Jan.15.2003 0.269 —0.320
Nov.05.2003 X —0.370
Jan.28.2004 0.274 X
Mar.10.2004 0.284 0.409
Nov.30.2005 X X
May.17.2006 0.258 X
Nov.01.2006 0.306 X
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Fig. 14. Trajectories of a) an anticyclonic eddy and b) a cyclonic eddy in Kuroshio recirculation region
(27~32.5°N, 130~160°E), in the time-longitude diagram. The size of each circle corresponds to the value of He.
The black circles indicate a) Eddy_H and b) Eddy_L. The shadows indicate the development period of small
meander categorized into mode 3. The green lines indicate the variation of longitude of Kuroshio axis on
31.25°N line.
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Fig. 16. Trajectories of a mesoscale eddy whose center is located east of Taiwan (121~126°E, 21~25°N) and
absolute value of Hc is more than 0.25 m.
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Fig. 18. Top diagram is same as Fig. 6,. and bottom diagram is the time variation of latitude of Kuroshio
axis on 138°E. The dashed lines show the propagation of Kuroshio meander. The shadow shows the periods

of large meander off Omaezaki.
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Kuroshio small meander southeast Kyushu and mesoscale eddies

Tsutomu Hihara**, Masahisa Kubotat, Takashi Setou*,

Manabu Shimizu* and Daisuke Ambe*

Abstract

The meander of Kuroshio southeast of Kyushu is well known as Kuroshio small mean-
der. Many previous studies pointed out the impact of mesoscale eddies in generating of
Kuroshio small meander. Accordingly, we investigated the relationship between Kuroshio
small meander and mesoscale eddies defined by a winding-angle method. First, examining
the frequency of Kuroshio small meander, we showed that Kuroshio small meanders having
a relatively large spatiotemporal scale occurred 16 times from 1993 to 2006. Second, from the
tracks of an eddy in the Kuroshio recirculation region, we found that a relatively large-scale
meander tends to occur when an anticyclonic (cyclonic) eddy is located in the southern (east-
ern) region southeast of Kyushu. Therefore, we conclude that the location of a mesoscale
eddy near Kyushu is important for the development of Kuroshio small meander. We showed
that a mesoscale eddy approaching to east coast of Taiwan is the generating factor of
Kuroshio small meander. Furthermore, we found that a relatively large-scale meander does
not occur when the Kuroshio axis is located south of 32°N off Omaezaki.

Key words: Kuroshio small meander, mesoscale eddy, southeast of Kyushu,
winding-angle method
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