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Fig. 1 Three typical paths of Kuroshio south of Japan based on CORA data
A i (Gl 5) 8 AR DR iy (€@ AU A2 Al K il (406, 41 B2 43 53| %6 7R Naze. Aburatsu, Kushimoto il Uragami 4 /> 5 1) i
Typical Large Meander (blue), offshore Non-Large Meander (green), and nearshore Non-Large Meander (red). The red stars denote tide gauge

stations Naze, Aburatsu, Kushimoto and Uragami, respectively
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FNAEHE 23 ) PR I AT DA S WA 5 B4 2 ) 43 A 54 o
23 [B) 457 FH bR KL R
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BRSSO R O AR AT S 58 R I B0, R
PR A B[] 7 810 x, 5 o, 8BRS ESF R) PN 5 8 A% 3 o a2
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e G N ST N D - 1 (% W WS T
TR IR Y PR G &R, $RHE T — WA AT A R
RGBS E B A I Ac el BE . Ty ik
TR 12 o T 18 Rk 27 AH O iy PR SR S o )
N A A 5 A BRAR BR 1 56 R L K3 AR AR X
B ARV IR R DL K B A LR A S A i A Y 56 R
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Xof T S5 6] 1) 91 x, i xy , 7R R PERC UGS T, i
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AR T | B R R T\ ol WE, BT o423 T 0 A 2
W AT, A BT LA R xS x A R o A 2R 3 A (B A
) x, 1 x, B Ry B SR e

3 HASLARE R B AR I 2= AR A 0 A

FETF IR 64a(1958—2021 4F ) H 75 LA 55 22 8] 1%
BB, 454 CEOF 43 M i, 15Xt H A DL R 2

T, =

FEAR AT IS 28 RRAE SN BT o 4 T AR AT 1 45 B 7 25 51
BRI 1 R, ITA S0 North & 32 PR 5
H 2R AT, B 3 AN ERS T 25 BT B 90%,
HOET R E RS 00 5 8 T 53.03% 1 23.41% B9 5
ZTROR, ARG T EER S EEE R, A S
J& 82 FOG R A ARSI T 4TS .

#1 CEOFHI3NMESRTREE
Table 1 Contribution rate of the first 3 modes of CEOF

LS RS Ty 2 SRR/ % RS BT 25 5TRRE %
1 53.03 53.03
2 2341 76.44
3 12.81 89.25

e ERSRR T BT 21 53.028%. 81 2 éR
TR — SRS B 23 ()AL 25 R 1] 28 500 4% e R HE AR
ML A G O, ANl 2 R, 5 — BRI A8 R
TE H A LA Rg K25l X 8k (134°~ 137°E) LA K A 5 14
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AR LR S I A A AR DX I AR — B, R R B — A
AR T FA AR B s [ AR AE B . R 2 [
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B — A A AR AL RO . 1B 2¢ 55 2d A IR T AR
— AL S ) 2R B0 B MR AR AL A A AE B . B TR R
00 P i 7 D R il A ARG R I ) R K
V18 P ST 0 ) Bt )R D0 /)N, O 2 R S 38 . g
FAE TS S I A Ab A X A 27, 3K 36 BH AR A% 1 D o A
R B S AR AR

ORISR T BT 251 23.413%, LAY
245 [ A5 285 R 8] 22 500000 4 i 8 HC AR A7 1) 43 A 47 15 4
B3 TN 5 BRI 2 ML AE H AR L Rg 20
Al k25 i X B (1310~ 134°E) I S LA PG A (139°E)
I W W kv T HAh A (] 3a), HL 131°~ 134°E X 45
T H R fih Sz i A X,k A RS R
RS A TR 1 RT BE 2 VDA 56 . s RIS 2 1 A4 A6 T £
B 5 25 B AR RS % W 0/ (18] 3b), 52 B — Fh I A9 vh
R R . B 3¢ 5 3d 4 i T B T] 2R 25000 B e AN
FABLA A3 A s o [RIRE, s [ 22 50 A 1R s 2 2 ) R
it & Az s A AR G55 A, s Tva) 2R 50004 R A5 1 £ Bif o R[]
AW, I 2 B G ER, SR /N T 5 — RS
Vi) 22 500 R, FLAE S i st B R B /N, RS
i 65 A28 100 24 5 0 e LA Sk e 1 VR IR AT R BN
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Fig. 2 Amplitude (dimensionless) and angle plots of the spatial distribution and time series of the first principal mode
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a. Spatial amplitude; b. spatial angle; c. time amplitude; d. time angle. The gray shaded area represents the period of the Kuroshio Large Meander
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Fig. 3 Amplitude (dimensionless) and angle plots of the spatial distribution and time series of the second principal mode
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a. Spatial amplitude; b. spatial angle; c. time amplitude; d. time angle. The gray shaded area represents the period of the Kuroshio Large Meander
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Table 2 Results of causal analysis of information flow
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BT H 2 2 2 2

RS AR

H AR R UL, — 75 i, 78 2003 4F 1 A, KUY 132
PDO {55 [ 4% B .1 K, #E K2 6 A~ A J5 STCC X,
3ol 1 R JE T BNt B S 3 i GRE T 6 S H, AHOE RECR
—0.82), il Ji % JiE 4k VP 00 5L I 5 A 2 ok W R e ok, 44k
S )RR AL A AR X U I AN BT i (R A 4
AL HERECN 0.76), SEMIXT R F 5 74k HiE¥
Wi, 25 A A5 5 7 R il 00 ) 501 S DBl /)N, e K 5
Wi A L2 i VA S5 ) SR 6 0 AR Ak, KUT 38 5007 R il
RAHNABIEAR, b R Mg R Wi K. o —
J5 T, NPGO {5 54 kKU 1 28 4k 51 A Ay ¥ 1 57
P [ A2 475 00, Xof PR 0 S e AR 1) 30 JE 7 2 5, I %
DX 35 11 104 3h RE R 2k 1 R GEERT 2 H L AR B
—0.63) . [F) B 16 JE A) 22 Ak it PG 15 15 5 s 3 i, 7
AR5 A8 R i & A B N 8 K, RS il & A
)5 3% 008/, Be 458 T H A AT R 1) s 2 A8
fbo BLRRI N, KU H0tE KA il & A wiak ) 5
A%, TRTAS A g DX 38 AR ) 08 38 7 K25l e 300 7 4
VWS

5 R4S TE

ARSI T 50a(1958-2007 4F-) Hh [ IAF 7 743 HT 4K
P54 (CORA) il 14a(2008—-2021 4F ) TV & v B 11 % Rl
7l QIR LR il W ST 27 IS A I ol ol
B AT 7 B AT I S AR A AT . AR R, &
CEOF 43 #7 J5 (Y il 5 > E RS e g il ik H A< LI Rg B
T AR R B s AR AR, HL PSS A0 R B
i R AR AR AR AR S VAT

R T — AR ST AR X H AR DL R 2
110 BARFZ i LA K e AT Z 0] i sh AR &R, A S0y Al
BT OO KU 7, ok WES ol v 0ok (1% i 32 i, AR
WO H A LR R R A AV Y T B e L
i) 5 U] A X T RE RE AR P O R A 2 R B QAR
PEIEE T 51, [ B R 48 TR B A DL g R R 2 it
(1 KUT F8 50, 2380 48 A 1 KE 8 850 A K H AR LA
SR AR R B 52 e FH 64 <15 5 (PDO 48 $IURT NP-
GO 8 500) . 38 2k A5 S8 U 77 ¥ X AN [+] DX 3 1 B[] )3 471
PEAT RIS Hr, 25 R W 12 iR, B T 4
JEBT IE 90% K 5, L rh, R (6O SR R OR B
PDO(NPGO) | H 74 L) g 58 ] 5 A% 11 R 2R G R 4%, il
0041 5228 3 7 A7 A0 LT R 5 1) 1) PR SR OG R, i
2 R AE A TR G R ARAT A i — 25 B0 UE i A
B, HA LR R B A2 A8 2 32 3 By AT
T 3L [ F A 45 5. — 51T, PDO 3 i JKUR 77 1 28 £k
S ) ) AR 305 30 DX I ) 308 T 01, DA T 52 T e S 1 YA
U 1) PR A ds AR Ak, HE T X AR AR A S AR R
e 25 H AR DL pg B AR AR A (T BB B S0 2R );
— 7 T, FE ) AE AR A () I8 TiE 32 ) 3% 3] NPGO [ 5 152
M), DA T 52 M) 12 X358 ) o R 88 e 1) PG R &, 0 T ko
VOS5 77 LR R R, B 285 ) H 7S LA e 2 A%
A o A3 BT SR AR F W, A3 DX A AR XL PR G
F, 0 B AR DR SR DB I b i R A 3 XA
T Uit E A A X, A7 TE ERE B M 1 B2 PSR O6 &R (A
R szgl ), AN, PDO XF STCC X B8 Y i 50 fiE
U7 A, 3 3 B PDO N AN 3 XUBE g 1] 42 52 i
T e 1% 3h1, b AT B 3 Ao VA IR A LAt PR R S L v R
M) o 5 A 2B 5% 1 3 A 45 PDO X J 3] 428 fif {2 i1
H 75 LA R S 0 DX 46 52 i) (&1 ol R ), 3k 6 52 1)
R LA Ji PR 75 3 — 2B MR 5T

25 BRIk, A SCHEET CEOF FiMfE B BTkl T —
segk gL 4345 CEOF 43 AT 35 4 75 X6 2 3 i 42 8 A i 4
W, DL B AR AR AL R 2R A AT e o AR SCER AN ORI



60 (GRERE T LE
120° 130° 140° 150° 160° 170° E 180°
1 = 1 1 1
40° % L
: (o)
o HAPARI(KUL CURL %) [ ] @fibfe(KEI EKE) |
~<_ )
T me | I
| |
20° RIAIBBREKE) o (P00) -
1 00 T T T T T T
12 HAR IR SR g A2 PR OC 2R e m)
Fig. 12 Causal relationship of the Kuroshio path south of Japan
TR S5 55 T 90% WER L . MY KR th PDO(NPGO) FI| H A< AR 2 3 % 12 04 TR 5 56 R %, i (0 4 S 4R 3R
A AE X T R R A S e R R SG AR A, W 0 R R SRR AR AE TRR G AR AR 5 E — 25 B0 Y i
All results passed the 90% significance test. The thick black lines indicate the causal chains from PDO (NPGO) to the path of the
Kuroshio south of Japan, the blue thin solid lines indicate reverse causality chains with two-way causation and
the blue dashed lines indicate the process where causality exists but requires further verification
R BRI T AR, (BRI S AR FUR SR I GE T T e 48 B R B R AR . ROk AT AR £ B

IIAT T IR BRI, AR AR 2R PR S0 M (9 7 kR H

D7k B AR, 25 A B U Y 8 ) i R o i B iEE

W24 Ao A2 X H A LU g SR B AR R R . RV AR S
FT A &R T HAT IR B L8 — L8 R S
FEFNHEIRT, (H X Se ML 1 3 )y i 7 v] RS 2k — 20
G HE, X T E 05 B A R kDR, it

SE WK

A TR AR ST 4872 B 0f JRI B S, [ I 45 5 A
BEIRXS RS L A P B R AN SE AR . OB,
AR B 7 145 B A AR OC P 3R I8 AT U H AL
SR U0 A ) TN DR, o SR T B AR T PRI

(1]

Takeyoshi Nagai, Hiroaki Saito, Koji Suzuki, et al. Kuroshio Current Physical, Biogeochemical, And Ecosystem Dynamics [M]. Americ-
an Geophysical Union, Geophysical Monograph 243, 2019.

[2]  Kawabe M. Sea level variations at the Izu Islands and typical stable paths of the Kuroshio[J]. Journal of the Oceanographical Society of
Japan, 1985, 41(5): 307-326.

[3]  WuX, Zhao Y, Han G, et al. Temporal-spatial oceanic variation in relation with the three typical Kuroshio paths south of Japan[J]. Acta
Oceanologica Sinica, 2022, 41: 15-25.

(4] TURIA. AR BV 028 1 S A LA S R )55 5 PRk DG 2R (D). T2, 1988, 12(4): 6-11.
Yu Zhenjuan. Relationship of variation of axial position of the Kuroshio in the East China Sea and its meanders south of Japan with the
precipitation in Qingdao[J]. Marine Sciences, 1988, 12(4): 6—11.

[5] Xu H, Tokinaga H, Xie S. Atmospheric effects of the Kuroshio large meander during 2004—05[J]. Journal of Climate, 2010, 23(17):
4704-4715.

(6] HESHZR, (LM, WA, 2 F A LIRS S fOeh 7 b R34 52 0 3 37 R0 B2 WAL B S PR 23 (D). OB I DR 224 4R, 2017,
32(01): 99—-104.
Cui Xuesen, Wu Yumei, Tang Fenghua, et al. Effect of Kuroshio transport off southern Japan on fishing ground gravity of neon flying
squid Ommastrephes bartramii in northwest Pacific Ocean based on time lag analysis [J]. Journal of Dalian Ocean University, 2017,
32(01): 99—-104.

[7]  Lizarbe Barreto, Daniel Andres, Chevarria Saravia, et al. Phytoplankton increase along the Kuroshio due to the large meander [J]. Fronti-
ers in Marine Science, 2021.

[8] Hasumi H, Tatebe H, Kawasaki T, et al. Progress of North Pacific modeling over the past decade[J]. Deep-Sea Research 11, 2010, 57:
1188-1200.

[9]  Usui N, Wakamatsu T, Tanaka Y, et al. Four-dimensional variational ocean reanalysis: a 30-year high-resolution dataset in the western
North Pacific (FORA-WNP30)[J]. Journal of Oceanography, 2017, 73: 205—-233.

[10] Chao S. Bimodality of the Kuroshio[J]. Journal of Physical Oceanography, 1984, 14: 92-103.

[11]

Yoon J, Yasuda I. Dynamics of the Kuroshio large meander: Two-layer model[J]. Journal of Physical Oceanography, 1987, 17: 66—81.


https://doi.org/10.1007/BF02109238
https://doi.org/10.1007/BF02109238
https://doi.org/10.1007/s13131-021-1941-9
https://doi.org/10.1007/s13131-021-1941-9
https://doi.org/10.1175/2010JCLI3267.1
https://doi.org/10.1016/j.dsr2.2009.12.008
https://doi.org/10.1016/j.dsr2.2009.12.008
https://doi.org/10.1016/j.dsr2.2009.12.008
https://doi.org/10.1007/s10872-016-0398-5
https://doi.org/10.1175/1520-0485(1984)014<0092:BOTK>2.0.CO;2
https://doi.org/10.1175/1520-0485(1987)017<0066:DOTKLM>2.0.CO;2

8

IGARSE. ST B A0 0E A R H S LA T PR ) AR I 23 AR A RRAE L R S R 61

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]
[35]

[36]
(371
[38]
[39]

[40]
[41]

Kazunori Akitomo, Masao Kurogi. Path transition of the Kuroshio due to mesoscale eddies: A two-layer, wind-driven experiment[J].
Journal of Oceanography, 2001, 57: 735-741.

Qiu B, Chen S. Revisit of the Occurrence of the Kuroshio large meander south of Japan[J]. Journal of Physical Oceanography, 2021, 51:
3679-3694.

Kobashi F, Hanawa K. Hydrographic features off the southeast coast of Kyushu during the Kuroshio small meanders: A case study for
small meanders that occurred in 1994 and 1995 spring[J]. Journal of Oceanography, 2004, 60: 645—661.

Miyazawa Y, Kagimoto T, Guo X, et al. The Kuroshio large meander formation in 2004 analyzed by an eddy-resolving ocean forecast
system[J]. Journal of Geophysical Research, 2008, 113: C10015.

Usui N, Tsujino H, Nakano H, et al. Long-term variability of the Kuroshio path south of Japan[J]. Journal of Oceanography, 2013, 69:
647-670.

Ebuchi N, Hanawa K. Trajectory of mesoscale eddies in the Kuroshio recirculation region[J]. Journal of Oceanography, 2001, 57:
471-480.

Mitsudera H, Waseda T. Anticyclonic eddies and Kuroshio meander formation[J]. Geophysical Research Letters, 2001, 28: 2025-2028.
Ichikawa K. Variation of the Kuroshio in the Tokara strait induced by mesoscale eddies[J]. Journal of Oceanography, 2001, 57: 55-68.
Usui N, Tsujino H, Nakano H, et al. Formation process of the Kuroshio large meander in 2004[J]. Journal of Geophysical Research, 2008,
113: C08047.

Qiu B, Chen S. Variability of the Kuroshio extension jet, recirculation gyre, and mesoscale eddies on decadal time scales[J]. Journal of
Physical Oceanography, 2005, 35(11): 2090-2103.

Sugimoto S, Hanawa K. Relationship between the path of the Kuroshio in the south of Japan and the path of the Kuroshio extension in the
east[J]. Journal of Oceanography, 2012, 68: 219-225.

SR, BTE, BRI = BT H ST Y E AR S S I 5 S A A A SR I s RS BRI OSC R T D). 4R, 2022,
44(09): 38—54.

Wu Youting, Yang Yang, Liang Xiangsan. Typical spatiotemporal patterns of the Kuroshio south of Japan and the Kuroshio extension us-
ing self organizing maps and their causal relationship[J]. Haiyang Xuebao, 2022, 44(09): 38—54.

Ebuchi N, Hanawa K. Influence of mesoscale eddies on variations of the Kuroshio path south of Japan[J]. Journal of Oceanography,
2003, 59: 25-36.

Miyazawa Y, Guo X, Yamagata T. Roles of mesoscale eddies in the Kuroshio paths[J]. Journal of Physical Oceanography, 2004, 34:
2203-2222.

Qiu B, Chen S, Oka E. Why Did the 2017 Kuroshio large meander event become the longest in the past 70 years? [J]. Geophysical Re-
search Letters, 2023.

Di Lorenzo E, Schneider N, Cobb K, et al. North Pacific gyre oscillation links ocean climate and ecosystem change[J]. Geophysical Re-
search Letters, 2008, 35: L08607.

Ceballos L, Di Lorenzo E, Hoyos C, et al. North Pacific gyre oscillation synchronizes climate fluctuations in the eastern and western
boundary systems[J]. Journal of Climate, 2009, 22: 5163—5174.

Yang Y, Liang X, Qiu B, et al. On the decadal variability of the eddy kinetic energy in the Kuroshio extension[J]. Journal of Physical
Oceanography, 2017, 47: 1169-1187.

Wang Q, Tang Y. The interannual variability of eddy kinetic energy in the Kuroshio large meander region and its relationship to the Kur-
oshio latitudinal position at 140°E [J]. Journal of Geophysical Research: Oceans, 2022, 127(2).

Douglass E, Jayne S, Bryan F, et al. Kuroshio pathways in a climatologically forced model[J]. Journal of Oceanography, 2012, 68:
625-639.

Sekine Y, Fujita K. Why does the sea level difference between Kushimoto and Uragami show periods of large meander and non-large
meander paths of the Kuroshio south of Japan?[J]. Journal of Oceanography, 1999, 55(1/2): 43—51.

Han G, Li W, Zhang X, et al. A new version of regional ocean reanalysis for coastal waters of China and adjacent seas[J]. Advances in
Atmospheric Science, 2013(4): 974-982.

HIGEIE. B A DA pg B AR AT 5 BB A (D). K KR, 2020.

Hurlburt H, Rhodes R, Barron C, et al. A feasibility demonstration of ocean model eddy-resolving nowcast/forecast skill using satellite al-
timeter data [C]. Naval Research Laboratory, Stennis Space Center, Hancock, 2000.

Xu W, Ren H. A CEOF-based method for measuring amplitude and phase properties of the QBO [J]. Climate Dynamics 2023, 61,
923-937.

Wu X, Han G, Li W, et al. A hybrid deep learning model for predicting the Kuroshio path south of Japan[J]. Frontiers in Marine Science,
2023, 10: 1112336.

Liang X. Unraveling the cause-effect relation between time series[J]. Physical Review E, 2014, 90(5): 052150.

Liang X. Information flow and causality as rigorous notions ab initio[J]. Physical Review E, 2016, 94(5): 052201.

Stips A. On the causal structure between CO, and global temperature[J]. Scientific Reports, 2016, 6: 21691.

XS, ISR, SRR, 5. BRIRIGAEPR AL B BRI 43 HT (0] R, 2022, 4001): 13-26.

Deng Sijie, Xie Lingling, Zhu Zhenkun, et al. Interannual variation of the Luzon cold eddy and its mechanism[J]. Advances in Marine


https://doi.org/10.1023/A:1021292627245
https://doi.org/10.1175/JPO-D-21-0167.1
https://doi.org/10.1007/s10872-004-5758-x
https://doi.org/10.1007/s10872-013-0197-1
https://doi.org/10.1023/A:1021293822277
https://doi.org/10.1029/2000GL012668
https://doi.org/10.1023/A:1011174720390
https://doi.org/10.1175/JPO2807.1
https://doi.org/10.1175/JPO2807.1
https://doi.org/10.1007/s10872-011-0089-1
https://doi.org/10.1023/A:1022856122033
https://doi.org/10.1175/1520-0485(2004)034<2203:ROMEIT>2.0.CO;2
https://doi.org/10.1175/2009JCLI2848.1
https://doi.org/10.1175/JPO-D-16-0201.1
https://doi.org/10.1175/JPO-D-16-0201.1
https://doi.org/10.1007/s10872-012-0123-y
https://doi.org/10.3389/fmars.2023.1112336
https://doi.org/10.1103/PhysRevE.90.052150
https://doi.org/10.1103/PhysRevE.94.052201
https://doi.org/10.1038/srep21691

62 WPE2ER 46 6

Science, 2022, 40(01): 13-26.

(42] EVEEEK, Ph, AT, SRR TR B B YRR A TR AT R T 2 AR ARBRIR S W AL h B (7). KRR, 2019, 43(5):
1081-1094.
Gong Zhanqiu, Sun Cheng, Li Jianping, et al. The application of causality analysis based on the theory of information flow in distinguish-
ing the Atlantic multi-decadal oscillation driving mechanism[J]. Chinese Journal of Atmospheric Sciences, 2019, 43(5): 1081-1094.

[43] North G, Bell T, Cahalan R, et al. Sampling errors in the estimation of empirical orthogonal functions[J]. Monthly Weather Review,
1982, 110(7): 699-706.

[44] Kawabe M. Variations of current path, velocity, and volume transport of the Kuroshio in relation with the large meander[J]. Journal of
Physical Oceanography, 1995, 25: 3103—-3117.

[45] Moriyasu S. On the difference in the monthly sea level between Kushimoto and Uragami, Japan[J]. Journal of the Oceanographical Soci-
ety of Japan, 1961, 17: 197-200.

[46] Qiu B, Chen S, Schneider N, et al. A coupled decadal prediction of the dynamic state of the Kuroshio extension system[J]. Journal of Cli-
mate, 2014, 27(4): 1751-1764.

Spatiotemporal variation characteristics and causal relationship of
the Kuroshio path south of Japan based on complex empirical
orthogonal functions

Ji Zenghua'?®, Wu Xiaobo®, Li Wei', Cao Lige', Zhang Mengmeng', Dong Wanqiu', Han Guijun'

(1. Tianjin Key Laboratory for Marine Environmental Research and Service, School of Marine Science and Technology, Tianjin University,
Tianjin 300072, China; 2. National Marine Environment Forecasting Center, Beijing 100081, China; 3. National Ocean Technology Center,
Tianjin 300112, China)

Abstract: The analysis of the changes in the path of the Kuroshio south of Japan has always been a hot topic. Previ-
ous studies have pointed out that the changes in the Kuroshio path south of Japan are influenced by various factors,
such as upstream transport, mesoscale eddies, climate signals etc. However, the causal relationship between these
influencing factors is not fully understood. The paper first obtains the time series of the Kuroshio path south of Ja-
pan based on the 50 year (1958—2007) China Ocean Reanalysis dataset (CORA) and 14 year (2008—2021) satellite
altimeter data, and uses the Complex Empirical Orthogonal Function (CEOF) analysis method to analyze its spati-
otemporal characteristics. The results show that the first two main modes obtained by CEOF analysis can describe
the main characteristics of the space-time variation of the Kuroshio path in the south of Japan and represent the re-
lated eastward and westward signals, respectively. Furthermore, the causal analysis results based on information
flow theory indicate that: on the one hand, PDO affects the eddy kinetic energy in the subtropical countercurrent
(STCC) region through changes in wind stress, thus affecting the changes of Kuroshio transport in the Tokara
Strait, and then has a direct impact on the eastward signal, and finally affects the changes of the Kuroshio path in
the southern region of Japan. On the other hand, the eddy kinetic energy of the Kuroshio extension is influenced by
the NPGO signal, which affects the westward movement of the mesoscale eddies in the region, thereby directly af-
fecting the westward signal and ultimately affecting the Kuroshio path changes in the region south of Japan. In addi-
tion, the experimental results also indicate that the relative vorticity and recirculation gyre strength in the southern
region of Japan are responses to the changes in the Kuroshio path, rather than factors affecting the changes in the

Kuroshio path.

Key words: Kuroshio path south of Japan; CEOF; causality analysis; information flow
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