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Seasonal to inter-annual fluctuations of Kuroshio Path in the East China
Sea (ECS) and its impact to the ECS
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Abstract

By directly intrusion and frontal mixing processes, the Kuroshio exchanges the
water masses and energies with the East China Sea (ECS) shelf water, which
influences the hydrology, ecosystem and climate system in the ECS. Therefore
understanding of Kuroshio path variation in the ECS is important and worthy to
oceanography and society. Utilizing the data from satellite, buoy and numerical
model, the study focuses on the variation of Kuroshio path in the seasonal to
inter-annual time scale while it passes along the ECS shelf break, associated with the
physical mechanism of it and its influence to the ECS. The results show that the main
route for Kuroshio intrusion into the ECS is at the northeast of Taiwan and it mostly
occurs in Fall and Winter seasons. Then the intruded water can extend northward until
30N, near the 50m isobath in the ECS against the northeasterly wind, which can be
indicated from the surface drifters. The mechanism for the northward extension of the
drifters is the southward pressure gradient induced by the Kuroshio intrusion. Beside
that, the Kuroshio also appears the maximal magnitude of path variation in northeast
of Taiwan in terms of the inter-annual time scales. The interannual variation of the
Kuroshio path correlates well with the PTO index. The model result and observation
analysis indicate that the outer force for the Kuroshio variation is the positive wind
stress curl and sea surface cooling at the northeast of Taiwan, which makes the
thermocline tilt and produces the pressure gradient along the isobath of ECS shelf.
The strong intrusion northeast of Taiwan is a result of potential vorticity constraint
that requires onshelf flow into the region of high ambient vorticity or shallower
depths because the shelf-edge water columns are pushed to rotate cyclonically by the
rising pressure force along the east-northeastward-flowing Kuroshio.

Keywords: Kuroshio, cross-shelf intrusion, AVISO, surface drifters, wind
stress curl, JEBA
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SRR T AR WP (12°N -13°N), RAb R PR ER IR . 4
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HE (L) B, REREZECE. IGEK 2 bl R B IR #2 . W 24.5
SR T RN BB IR R 2K . Tsobe (2004) A FH—A 2 JEAR 2 1 B S W #2810 11
T | LRGSR A B T DU E T IERAE R, T 2 T DL 1) R [ (Ao 8
HLW 7 ) R0, DLl R IFERIOR R o IR ARHERE R H B T e A8 B 1)
PRI o

RN B ARG — N EEMNRE. B2, B RERE
IKAE GBI, JFT AR ENFERX L (Su M1 Pan, 1987; Ichikawa Al
Beardsley, 2002; Yang 5§, 2012), AR/ KT B EIR Z/K AFEZENAZ KHRIE .
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FECT S, 428 IR LB 43 SOKE I B2 1 22 N2 . Qiu M Imasato (1990)
FIH —ANIE e I BUE AR 1% 53 ST L BEAT fifeRs, B T47 A B 1EH
H5EWEBHIERISLEIER, 106 S| T R2EHE “ B —Fm” K5l e
H, 5k T SIEAEER 2 SO . AR SEIARNE Y (Qiu %, 1990; Wang
%, 2003; Yuan 5, 2008), AZEGIEILEN BEIBE K AT LA EAE, AR AR
KITOPE . 2T Kondo (1985) B TAE, Ichikawa Fl Beardsley (2002)#&H 4
25 F 03 SCIRAE B AL AR ARG RS2 1 #0. Tang 5 (2000) | A ADCP
BURMIE 78 6 5 AL AR SRS, IR 2 R Ot B 2R, 7 A2 U BN ) 1)
TR . HbAh, AZRAEGUEALES, TE AR BRI A i, s AR L2
AR . Liu A1 Gan (2012) R A TR M3 FEvH IO BERE, 531 T
FALRI =T VAR AL, AR R K [ s B T AR AL LA R U B B PE RSB Hsin
25 (2013) I8 I GV AR, HAIESE T A ARG B A B A B =R
TR . Oey 55 (2010 I AU A A Xof W A28 A\ A2 AR B304 T A
BT AZE QARG IIER R, 1 SO It 227 n) 5 3 TH R AE MR, RHE S HUE
W TAEAE R P2 A T BB 8 7 M KRS E . IR TATE B 1EHS &8 B IL
FITER, BWIE QBRI ARIE I 430, £ SEBALH L T ImIHR,
X — VT R R BN FAEFAERE (Liu 25, 1992). HymTHi w32 2 2
WAL E TR B RN, = K AT LRI R85 Sk, T A 2R U B 36 2 R W K 7R
#, RAFFET 150 KLATE (Tang %5, 2000; Wu %%, 2008). M4&5KiH, Z8ZFH
VERIMER, SRMIE B ARILERI Ny, BEEREBAE N INGETH, REREKiE
WA SINEAREIEAE, AR QBRI IR &2, B SOKEAE K
NZ BRI E, B R AL E R T 2 2152 = WK AR BORE I, BRAI7E IR
=

ML i 2R ) B B S B A He, R B AR A R 2 R IR SR R S
FKAR R o R E AR I P 1] B B 7K AR AR 5 8 1 5 Vg b ) 1) 5 VS IR VAL DT
Bk T SE R AR A X SRV (Lie A1 Cho 1994; Isobe 1999, 2008; Ichikawa
A Beardsley 2002; Guo &, 2006). Lie #1 Cho 1994. Guo %% (2006) 5 Isobe
(2008) 73Ny, EZXT IR F 2R A SRR, BEiaEd xR EAN
1% AR Ut B PR DT RRAF X AR 2D, T ARt By iz it 3 2 el FRA7E &3 2R bl A 2
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AU B PRSI NAR K TR o A T K ARHIE , SRR AR (1 7 B AR T
ARt A 7K 1 AR U IR AL 25 R A B L5 . Chen (1996) fifi 5 BE R K 3%
JEIK I NAR & ARG BT 278 77 #h AR ¥ 32 BRI

T I W R I T AN 2R, %) T B AR AR PR AR B i 0 T 2 TR RS 11
T S 26 51 7 v BE ORI Y B o Han AT Huang( 2008) %% I 45 i 6 4 55 Pacific
Decadal Oscillation (PDO) Z[HJAFFERZHIGIAHK . Anders &5 (2009) K HLiEL
PN Wi (28° N) FJSEFA RIS PDO Z (M AEAE R A Sk, FFH R L pL
JNHL PDO A 5K UL Ay i@ B2 AE Bl #Ais AL PP X 7 %, 77 AR T IE R
Sverdrup [R7K AR T4, B PDO 5 FRWIFE TR EREE B K70 SO A AR DG HE RIS
= X IR Sverdrup firis BUISMEE A M AT & - Kagimoto A1 Yamagata(1997)
$etl Sverdrup iz B JCIL MR BREIFE PN ITIEI R . Chang Al Oey (2011,
2012) N A & AR M B OW R & E % % # (Philippines—Taiwan
Oscillation)PTO 5l SR K MAcfiria A 5% Soeyan 55 (2014) FFH A £ 4 7]
P EAE AR R R o 275 PN IR SRRt i 55 PDO IRARORIE, & R A
S AN 19/ S P PN NN B R = R S D iy R SR (U
SRR B A PR AR AL IO A T SRR L S SRR PDO HEAT S5, AR TR o425 )
WL 7 THI R AN TE 2

1.3 WFFE HAs T

S AT FU XS T R 2R I 1) 225 DL R PR AR A R 7 TR T A 4
HIBERE, SRR T — L8 o) @ AR R AN L o il RR A 2= R R X T 2R
Vi BRI A5 A ) A A0 AT 2 SR NAR 5 0 TR IR K S AR RGN E BN
M) G A] 2 BN AR (R A B AR A R AIE B A8 A RT3 7 T RO E 72 AR A = o it
b, R AL B AR 1R BARE RIS ? B XIS [ 3, A 00 DL A
& WGP EREE BRI 2 B e, AR B A, S5 S BUE AR AT 4
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L IRFT ETF AR EHE (SVP-Surface Velocity Program) J5 H T NOAA “ 2 FRVFHR
it %] (GDP-Global Drifter Program) ” - P B % I £ F &% Bk

(http://www. aoml. noaa. gov/phod/dac/index. php ). iXLL3% EFFRIIN B &

AR 16-20 B P EBATENL, A7 T NOAA [F13F bn Hod 4 o ol i B Ui 22
I H AR 0 B AT B o AR SR IR R B80S v 0 80 v S A (A S A
FSERF IR 6 /N3 . BITERIVERR (SVP) BHE— N RZFERA— ANl
KL EFEI R Z s, A 1 O AL B AEKER 16 oK1, HAEHIEER
(iR B o K2 TFAREE BT AL A v] LU 2 KIR S E R, Rl LA KT
BRI LT . AKOCE RSG5 Bt T4, hE 2.1 TULES], SFhareiidi R i
AR H HF 4R T 1980 48, A T8 T 8155 A BORAS R 2014 48, 1A%
JBURE B v (L B T S AR I AR
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2. 2 a) 1990-2014 £ 1 BORE T G5 78 AR AL € 7 HE B2 B A2 PU AL T

e, AL S AR PR O A, BRI AR S EH O 618 > b) IS P21 i

PRENE G ARILH CE 77D 75 ZMERT 18] (BAL: R PR /N: 5X5 D,
c) PRSI IR R E AT (BRfL: AN/

2.2 MBIRIEERT ) S U R

W FRIKAL R (SLA, Sea Level Anomaly) [I¥¥ERVET 2 DEEER
Archiving, Validation, and Interpretation of Satellite Oceanographic
Data (AVISO, http://www.aviso.altimetry. fr/en/home. html) . “F3zh 115
[)%4% (MDT, Mean Dynamic Topography) tAJ )\ AVISO {55 R4k, Miiifs ]
THXEN /I (ADT, Absolute Dynamic Topography) [fI%tdii. H A, AVISO AJ
PEMEAER 1/4° 4Bk SLA (O%d, LIS IA) A 1990-2014 4.

MRAE e o0 RPEAT — BT feh, TRAR R e 5 O 2. Do Hrp, f
NITRSH, vy ARZNEL R, ¢ NEIIEIE, VnovigERmE (SSH, Sea
Surface Height) HIBRFE.

fx v, =—gum ifg2.1)

2.3 DA K PR ER 24588 (KPT — Kuroshio Path Index)

WEEON, REIR I O R R, I ) O 35 95 P PR SRR A0 A
e, PRI 2.2 AR RS S, RS Cushman—Roisin (1986) AL,
R F I E . EEHELRAR:

OB G R, @S 2 F MR, it — % 25 P B R fhik g,
AR TR 1.1 K[ SSH 25{EH 2k (& 2. 3a).

@ I 2 BT Al R A W (& 2. 3a IR B SEA TR, R
HEDE W SRR V = [v,d, (1€-100 ~ +100 km), d,, A F g E—
INEEES .
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= TR A 2 I P4 B e T RIS DU S SR AR AR, FLJAe i T A2
AR BRI S5 B anEd S1 vh, Wi 37 MIZL E s 2k AR i o B
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1% i 2 P ol P e o oot S SR A T SRV T R SR U RS
o HO N FE ) I DRI o B LB AR o S N ORI B BRI 25 (1 S5 3 2 i oK
—E MR ZE , 1R P SR ORI 1) 7 VR AE BB 142 [ SR m] et B rh Loz
B ARER Y [ R A FE HORe N @ A v, — AU T m AT IR
@IMABCER T m J AR 0 il Ak L i BN Y, = [ v d,
Xon = (0 )s (G = Vit [ ) dyy o RHRBEIIARCE K T /5, Jid R/ 8
8 R 7 BRI P 5 EEE S K. I m=3 I, AR LA E R L
ARG R TR E, HPFER oA EnlE 81 h 2Lt se&fn. BUb %
@b IR AL E, FRIEE AL E SRR R . 18] 2.3b IR
SKC HHT 28 D9 5 1) 22 SE1 24 1 BRI R R, R A A P T R 2R = — e
TMZRAA . W] WA GTEARTE . ZRACAE L AU B PERa#R, R A BRI AR
e
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Zo3d IR 75T LA B B ) SRR AL, AR SR R A A AR A R AR
FEME T Rk, K51 2. 3b s 2RI B e SO e, SR B TP A
(RIPE RS 52 SN BMEAE (KP) 784, RSP sl i SMEE I 77 1o S IE T [ P i
BRI JT ) E O . R AVISO RBORE, AT LAAS 30N [F B (] JE 30 14 KP fE. 4]
2. 4 Fioms REE I AR 2 46 7 P10 KP. 7T LA H KP I KA L H BLAE 18 2. 3b
RN B, AR FIAT] 50-80km. £ 4F H 44 i ft KRR U] L L 7E 5
ARALHES (I 15-22).
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Eigenvector mode 1 (44.1%)
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2.4 ATOP ¥
AW F KK Advanced Taiwan Oceanic Prediction System ¥R

(ATOP; Oey %% 2013, 2014) Chttp://mpipom. ihs. ncu. edu. tw/). iZfAHET
FHATHHE (mpi) WAH] Princeton Ocean Model (POM), H. it 3 [F AL F5#/ b
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AP X (16S - 70N, 98E - 73W) , /K-For#fsiy 0.1 B, Hefn)RFHBEJE K
sigma ALFR R, 434 41 2. U St i NCEP Frig i 24 A PR M.
DK S BB E IR A ) 28 4F (1988-2014). RG] COMP 424L1K 6 /N 1 X7
$d (1988-2011) 1 NCEP {JJR37 (2012-2014) BEATIKS], FEAL 5 HA R A ]
AT, AR 12 SRR R (1993-2014).

2.5 Heddk

B T b e A R A A, AR SR A T 36 [ [ XA TR O
NCEP #24f (http://www. ncep. noaa. gov/) #WFRIBEEHIE, Cross—Calibrated
MultiPlatform (CCMP) JRI%%diE . GHR-SST (A ZRURIE) Hudhs LA K —SAR SC )< 1%
PR F-55

CCMP X\3%: (http://podaac. jpl. nasa. gov/datasetlist?Search=ccmp) ¥
FEALRE, 1987-2011, ZpHEly 1/4 BE. FIF Oey 45 (2006) B THEE A 20K XUk
AL RL ] o

GHR SST: C(https://www. ghrsst. org/) 1982-2012, #E% N 1/4 &,

MR HGEE: (http://oaflux. whoi. edu), WHOT 3£ 5 Frf 44t )i 38 #5400
5.

KT: SR 84, i Gawarkiewicz 25201 DT, BISAM(23.9° N,
123.2° E, DL 2.3b rf “*” Axid) ¥ AVISO 43 1¥) SSHA 5 WOCE PCM-1 R
= EAA RPN (r=0.83), W LA Z S SSHA 1E N 6578 7R 56 Bl i & 1 78

PDO: Pacific Decadal Oscillation
(http://research. jisao.washington. edu/pdo/), H & X ANt (20N DLk,
1900-1993) SST, EOF 734 {55 — A RIRHIEE (Mantua 55, 1997).

EMI: E1 Nino Modoki Index (Ashok %, 2007).

WP: Western Pacific Index (Wallace fll Gutzler, 1981).

NPGO: North Pacific Gyre Oscillations (Di Lorenzo %%, 2008)

Nino 3.4: HadISST1 XI~F3¥JM¥ SST, iHH X4y 5S-5N,  170-120W

(Rayner %%, 2003).
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