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HEEREL (FEX) Mechanisms governing the winter Kuroshio path destabilization
Phenomenon in the East China Sea and its interannual amplitude
modulation
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The present study investigated the mechanism responsible for the winter Kuroshio path
destabilization phenomenon in the northern Okinawa Trough. Theoretical consideration
and a numerical model revealed the following mechanism: The winter northerly wind over
the Okinawa Trough blows against the Kuroshio, generating upwelling within the inshore
side of the Kuroshio. This winter upwelling makes the mean Kuroshio path separate from
the continental slope in the northern Okinawa Trough so that baroclinic instability
destabilizes the Kuroshio path. Furthermore, a new time series of satellite-derived
geostrophic velocity distribution was developed in a section across the Kuroshio in the
period 1992—2010. This dataset indicated that the interannual amplitude modulation of the
seasonality is mainly caused by interannual variation in the winter northerly wind over
the northern Okinawa Trough.

AR TERE
(&FAHAL : 1)
AR e 4 it
200 644
200 74pE
200 84S 1, 800, 000 540, 000 2, 340, 000
200 9FE 600, 000 180, 000 780, 000
201 04E 600, 000 180, 000 780, 000
wmoEt 3,000, 000 900, 000 3,900, 000

WHFEsr 8« B R

FAREDOF - flH - HIEBRRRERE AR - WEHEEL - Bk

F—U— N B, ST T, AREHS, AFFEM, A TEEEE &L, MR

TEERET v, B/ INET




Bz C-19

HERREFHBIEHRARBRES

1. AFZEBIAE Y D =

W TMOBRENT-BEGR 2 X 2TV
DHEET, KREEMRNEIZH - Tl 5 B oy
BHEnElchdrEEZLNTWDS, LML, £+
DL OMINTI NN D OBETH 5,
7= & 20X, W T D REM Lo m B A
PEZ X 2 D RBHOKIRIL, Z D457 i
HERBOSEREREKTHD EWVbLTWD,
L, 2O xsiieE TRAOE £
Thsb, ZOXD YEmEERICE, B
ORFEPEAR 2B ClidZe <, B oretT
RFNINDIRET DI - 74 T AL MTED
A ARBENBEETHLEEZOND, D
£V, W HETOEWEIROHMER « 28
b 2 WE SRR 2 HE T 57010, B
W DZETE « AL TE M D HE RE 22 R Y 72 R 1% A B
LIMNZTAMLENRD A,

2. WD HBY

ITEOF 2 OBFFEIC L0, e s 7~
OEWEEITE - Bl E L, & - FBH
(2 1~3 » A Ao Bk 2 s & Vg
FEALT B EmEn, 52, HERAR
ZECBER N Z 5008 9 DNIRAEICE
WD MRz (Nakamura et al.,
2006; Nakamura et al., 2008),

ARWEFED BIIE, Zh o O EE LT
D2HTRESEDLZLETHD : (1) &
1 7¢ BRI O « NEEALBIR DR A
=X LD, (2) ZANRERIFERL
DU,

JLEB R R 7 7 TR 2 B B R O R %
EACBS L TN, 5k D, JUNEEMO
BE/NETIEA - BRSNS T 0N b
R S CTE 7= (Bl 21%, Sekine and Toba,
1981), AWFFEEED 2 FHIZ, ZOBROD
FEM AL 5 2 &, BIOEHEME2 £
HTAD =X LERET D 2 L& AR
OB Z T, ZhEHW (3) &35,

3. WFgED Ik

HiY (1) Ti%, e 7 v %2 v CBl
R T L— AT — 7 OWREEIToT-, T L
T, BRINT-HGmE, WEEAFIERH R
HEKS I = L—& ETEA L TV 5 OFES
(Ocean General Circulation Model for the
Earth Simulator) OF —&% Z HWTHEEL
770

By (2) TiE, B ORE « NEE
DIEEE L 72 2 R HIRERS %, N TAE (TOPEX
/Poseidon, Jason—1/2) ®O#iE | (Track 214,
BRREG—FMNER) CTOWHE & R ZDRF
RINT —Z 2 HNTHER LT, F72, fERkS
TZ IR 51 % 2009 46 H~2010 46 A £ T
D 1 AEROIRBEBINC L v B SN FET —
Z &AW THEE LT,

HRY (3) TiE, BEfFoRmiEs —4% &
o N (MEPES g o 2 —1ERY) & IR
BT — X & FITIVN B D B/ M4 T IS
FEER D DN E ) M EREE LT, £ LT,
ZEEMEI R OB RR O 21T - 72,

4. BFEERE
(1) HAY1

ALER PR R 7 7 T4 - BNCE 2 B
EALBLGIE, B EoOFRRICKH 28
WORFTHISE & LT TX 5 Z L 2VR
SNiz, ZORHE, Nakamura et al. (2010)
& L T Journal of Physical Oceanography
THIRAZR SN2, A=A LOFEHl%E LT
R,

FT, T T AV EAWT, JEEhE k
Z 7 ORI - THim E IZR < A o2
HiE3, — 27~ ik & B O EAERIC &
O, BEEEh L 0 IR R TR 2 RS S
LHIeDBAMER TS AR LI, T2
TWH =7~ ik & BEOMEIER &1,
Niiller (1969) 23 #£"E L 7= Effective
Coriolis Parameter OZhE OKEHLIES T —
DI L [F B 20, B E=a )
TV IRT A= BRI EL ST D120,
T~ CEEDIHR - BN Z D) Th D,
AP FER T HPEHIL, H - Ko H@o
%8 LR 23 g O [ H] C exponential 434f &
LTWAhZ Elzksd, L, BEzERE5
hE 2 oTPEER (=7 < UP88R) 1%, REhoD
IBFEMITC LER CE 220 e ), EBRIZITE
FHIEIRFERIT Lok & Zauy, picdh oo i) ¢
X, =7~ g R LR ELAE R 1Tk
Y AASAN

WIZ, Nakamura (2005) 0%l S5k O ff5 5
WZFEDWNT, A R & iR 2> © )
DIIERH LD, ALHFE N7 7 ToR
WL, & BHIERLEL LT <25
EW I RERAETERL L T2,

D250 ) FFRE %, OFES 7 — 4 & W
THGREL7ZE 24, EAMERE T2 A =
ALIZYBTHD Z ENFER SN, —F,
155 5 Uit 08 SR & R AR 2 & HIAY RN R
DT, ZOMEMIITRINTZHOD, i
IS EBLG D JRIK 72 DR 72 D 9% B
EIZFR T D Z LM TE o Tz, RNEENL
BN DMDOA =X L% LT, BATBHE
WK &M FEKOM ORI Z LT 57Ol
BUEMERH LR ZEL LT < R 2D
MTHND, ZOREAMIZTLHZ LN, 4
HBOFREE ST,

(2) HM2

ALE P b 7 7 CTHERBERAE S R K TH
HEERSEFMNEEZFEST A BT, 2
% WRY) 2 1 i) TS 29 AT O BF R A1 (IR : 1992



F~20104F) MMER SNz, ZDOT—Zt v
N D72 [R5 BE 13 506km, BRI S 1349 10
HThbd, ZOTF—Fty MIEINT, B
W22 EALBLG O ZHiME DR EHINEE & ZREi
PEDRAEIE TN OWTEE L T LT #
DOFER, LLFOO~@D EH 2w & 157,
Z OFEHE L, Nakamura et al. (2011) & LT
, Journal of Oceanography-~20114E5H27H
R LT,

O En=F—% &~ ML, 2000~2010
FEOHM TOARFIHAGETH 7=, TOHH
&, 19904FAK & 20004 R R T =G A R & < £
o TW=Z &, o, EWiEREZRD 5
7= IZFI L 7= AR JEEADCP T — Z H320004EA 12
> CW=Z ick v, 1Bk SN EjE
SO AN ET D &N D N T Ak Ffo
7ol EHER & Tz,

QZINEFTOMETHHEINTELE LT
W C oo B B AR b RO b B
W DA E LSRR (30-90 H & HIZ®) D 5y
B DORERIIE AL TR LNTZENE
B L=E A, REFTED )R 2 2R HivE &
RUTz, DF D, JLEHHE b7 7 N T ik
W&V, REEOFRFENRIRD Z LIVURE
iz,

QH il L 0 IR OFEESAE, bl
M & < exponential GAi =R G2 G, Eb
AT TS 7T — 20D D Z E RS
oo ZOHEIFF, BHY (1) THEHOGN
MBEORLZEND AN = AL EBE T DHHD
ThD,

@DZDF =2ty MTHESOTER LR
W O AR EALFRIE O RER S (FEELE O
20-90 H JE HIZE8h) ZfRbT L7-AER, 2160 —
ADRETEACTRED2/3DFEH|X, Nakamura
et al. (2010) TIRZE INT-LAFEZFHIAGL T
AT E D, RV 1/3TBOREKIC L B & &
2 BT,

Lk, AZEZEHRIGRUS TREZEILT S
A= ALEHOENNITHZENRHRETDD
o TDTZOITIE, & HITHESADCPELRI 21T\
SRR OHEE RS 1) B ST, 19924
7> 520004 F TORMRM O T — & 2 FI T HE
T BEIINNETH D,

(3) BE®3

9, ZoOMROEREREZFHAT D, Sekine
and Toba (1981) 1%, JUJN g B o> B/ e
1L, B9, EAPhORICEREINDN, £0
oOFEHIHEREINDZLITHmTHDHZ L
%, 1965~1979 FF DT —H LV /R L1z, 2D
iz d, /IMEFTORAITL - FWICKRS &3
DEICDY, 1970 FARUZITN K DR EINT
W5, L2, BARHED RN E R KT

HIZdH 72 1980 R D/INEITHR AR DU,
THURTE B2 0 & - BRHIR O e o722
LR, INEITORAIRK E LT, SNELZES
RRET 2R S EE A E 2 R4 2
EVRENTEZ L2 LY (B 21X, Ebuchi and
Hanawa, 2003), ¥T4EIZZ OFHMIIKT 5
HEHEMR,

£, BEMEOFEIZONT, 1982~2007
FE o BT — & & T 5O O WIAL
TR BT LTz, OSSR, BEVINETTA
A« FENTIER S U0 9V ME ) 1, 1980 £R4X
WZITRBO BV - 7223, 1990 L 2000
FERITITTEF RO O, 2FE0, Fii~
D7 xz—A1 7 DML, 10 FA 7 —/L T
BT 2EMNR DT, IHIT, ORI
7 — A1, TN EE B O SRS L TR R
B &/ NBATIRIE O 2 B CEEfR) 2 FF> 2
EERAB LT, Zo2&E ML B (T~9 )
(ZIEBRZE Tl RS, Fk (10~11 H) (Z1E8A
ZIZRO BT,

ZOFFEEZBRIIT, TN FEH I O B NE
AT, BN FE BR BRI 2 V8 T s RE 3 2 TR
P H Y Mg O FhiAs#E T 2 S EELIC
X5 AXEEBOTT, 2LV /NS RFE
WA NZE > TSNS &V D, FeERILE
WCHESWIEESET VR RE LT,

Z OFEHIL, ” Formation mechanism of the
Kuroshio small meander off the south-
of Kyushu: Stochastic
resonance on a seasonal cycle” by Nakamura
et al. & LT 2010 £ 4 HIZ Journal of
Geophysical Research—Oceans {Z¥¢fE L7228,
R OFEE R DFHO 7 = — X v v
7 & B O 2 EIEOFELAFT & v S B
HCTHEHAH TSN, S%OMREL LT,
ZEPEOFIZONT, DT —F & HNT
RAES 5 Z &, PRI 2 EfEE L0 BIfEICRE
HT 2 B0 ETHD,

eastern coast

35K

Ebuchi and Hanawa (2003) J. Oceanogra.
59, 25-36.

Nakamura et al. (2006) Geophys. Res. Lett.
33, L21605, doi:10.1029/2006GL027516

Nakamura et al. (2008) J. Geophys. Res.
113, €06030, doi:10.1029/2007JC004574

Nakamura et al. (2010) J. Phys. Oceanogra.
40, 530-550, doi: 10.1175/2009JP04156. 1

Nakamura et al. (2011) submitted to J.
Oceanogra. on 27 May 2011.

Niiller (1969) J. Geophys. Res.
74, 7048-7052

Sekine and Toba (1981) J. Oceanogra. Soc.
Jap., 37, 87-93.



5. ERFRERE
(BFgEfFE . e K ONEEAF TR 12
IR

CdERERm S0 (B 3 1)

(ODNakamura, H., M. Nonaka, and H. Sasa-
ki (2010): Seasonality of the Kuroshio path
destabilization = phenomenon in the
Okinawa Trough: A numerical study of its
mechanism, . Phys. Oceanogra., 40,
530-550, doi: 10.1175/2009JP04156.1. (&
WA D)

@Andres, M., J.-H. Park, M. Wimbush,
X.-H. Zhu, H. Nakamura, K. Kim, and K.-I.
Chang (2009): Manifestation of the Pacific
Decadal Oscillation in the Kuroshio,
Geophys. Res. Lett.,
doi:10.1029/2009G1.039216. (##HiA V)

(FERE) G114

OH K EE, LB S, ILIREL, H SR ER
(20104F9 A 8 H) = ALiih#E ~ 7 7 o Bl
WA E) —(RBEBLINT — & & 1 v i e E At
T—HX DL —, BARBHEFRKERS,
WAL CRRURERZAEMEETFEN)

@ Nakamura, H., A. Nishina, and T.
Yamashiro (2010 42 2 H 23 H): Formation
mechanism of the Kuroshio small meander
off the southeastern coast of Kyushu:
Stochastic resonance on the seasonal cycle,
the 2010 Ocean Sciences Meeting, American
Geophysical Union, USA (Oregon Convention
Center)

Q@A FEEZ, B o, bR, o) EE— AR
(2009 =9 H 27 H) : F/INEAT O ABE
OFEFHImY, HABEFRIKERS, K
A OHBR )

@ HAIE RS, HATEZ, SRS (2009 4F 9
VERP S DI 5 S M A b ST AR 3= BB
AT DFEFEE R, B AR ESKER
=, N GRS

OHFFEEE, By IE R, 24 RJETE (2008 4F 8
H 25 H): Seasonality of the Kuroshio path
destabilization in the Okinawa Trough,
OFES International Workshop, #4311 (7
V£ BRI W TR R / BT FERT)

(Zfth)
R BR— A
http://www. fish. kagoshima—u. ac. jp/fish/
academic/nh/homepage/kenkyu%20katudou. h
tml

6. WFIERLR

(D WFFe RS

thikf & (NAKAMURA  HIROHIKO)
JEVR B R « IKPESEER - HEH%
WFEE %5« 50284914

(2) Wrge sz

=% 3CF (NISHINA AYAKO)
REVR R K - KEESFHES - Bh#K
FgeEFe5 - 80311885

L3k #r (YAMASHIERO TORU)
RV B RE - BT PAFge Rl - #de
WFgeE 35 1 20158174



