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Interannual variability of mesoscale eddy activity at the subtropical fronts region
and its influence on the generation of Kureshio large meander
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Abstract

The Kuroshio off Enshunada, south of Japan Main Island, is weil known to take two major paths, the nearshore path
and the large meander path. The Kuroshio changed its path from the nearshore to the large meander during July 2004
(KLM04). The 9.25 MHz high frequency ocean radar developed by the National Institute of Communication and
Technology observed a significant increase of the Kuroshio sutface transport northeast of Taiwan, which is
considered to induce KILMO04, after the anticyclonic eddies from the subtropical fronts region collided with the
Kuroshic east of Taiwan during August-September 2003, Interannual variability of mesoscale eddy activity at the
subtropical fronts region was defected from altimeter data and the anticyclonic eddies which induced the Kuroshio
increase were generated during the high eddy activity period, inevitably.
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WEIZIZBH S ERE (Sea surface height anomaly:
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BIRROPHREREHORELEL, TOEBKIE
ITEOERRBARICONWTEET S,
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{ERIBEAFEME (NICT) PR EEGE BT
H— DR LI B KR A EREE 200 km B\ E%753 9.25 MHz
THEEL— (UF L—) X5 E3EBORNE
BT —%E B (Table 1), DESHLERESICH
SH=LEO OF V—F B, 30 S EIZBB 51 7 km
BEC, 815 12004 Z##|5 2 Matsuoka et al., 2003),
AWFIETIL, TB 8 SO ERELE B ERT —F&E
L. ERIT 3 BRBEITEEE T IS TR RO
Fipl &ML (Tokeshi et al,, 2007), 7 lan #§F 0 A F
BT —sE R,
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RD—2TH? (e.g., Yang et al., 1999), HF L —F BLH
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KEHTORBIZL-T, BFIFRFEALRE,LEREIC
MEEREL, BRSO X B S E L TSy
PIT DR ThH D, REE T, FRER B 452
ATHHOENREEOLICETSHIBR Line-Y (123.0°E)
FERVT . BRI ERIR 4 D FE MR O BRI T
SHE#EZEHR (Surface transport per unit depth: STUD)
LCTHWE (Fig. 1),

22 EEAERE

TOPEX/POSEIDON, JASON-1, ERS-1. 2 HEHEGER
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DRFAEE G L/ NREAR B BRBETRIER T, PHMEREA
BOBEEAT ST, SSHA ALk s EL
7= ¥R ERE (Sea Surface Vorticity Anomaly: SSVA)
IZFEdk 1.5°, BT 2L0°OBETFHERLEZLD (BLE
SSVA) EAMIRICHVWE,

Table 1 Specifications of the HF radar.

Station Ishigaki and Yonaguni islands

Data period July 14, 2001 ~ Mar. 31, 2006
Detectable range ~200 km

Radar type Frequency Modulated Interrupted

Continuous Wave {(FMICW)
Center frequency 9.25 MHz

Sweep bandwidth 22 KHz

Sweep interval 0.7 s

Transmit power 1000 W (peak), 500 W (average)
Beam width 8°

Azimuth coverage =60° (8° step)

Antenna type 3 element Yagi antenna (transmitter)
16 clement phased array (receiver)
DBF (Digital Beam Forming)

Temporal 30 minutes

resolution ‘

Spatial resolution 7 km (radial}
Speed resolution 2.5 cm/s

Representative 1.3 m (Stewart and Joy, 1974)
depth

123°E 124°E 125°E

Fig. 1 Surface currents observed by the HF radar on
September 14, 2003, when the current increased the most.
Black (Gray) vectors indicate over 100 cm/s {100 cm/s and
under). The arcs indicate 100- and 200-km ranges from each
station. The gray line off Yonaguni Island indicates Line-Y.
200-m and 1000-m isobaths are superimposed.

3. % B

3.1 HF L—FI2&-THEASh- 2003 £ 90 ADE

FEREREXIEM

2003 £ 9 A OBEIRFEMEMOR B IR AMNE HF
L—X i IEREIL T, 9 H 14 A I ERIBRAA LA e R %
SRL (Fig. 1.2a). 9 A 7-17 B O# 10 B BT CTHERR
RRIIEEV o, ZORBINT 2 oLl Lo &R EN: RS
MBI EFIL TV, # 23°N 249 20°N IRV FE L
CE 2 DOFEREMED (Fig. 30), BEHEHTEELT
= ODENEREEIRICRY (Fig 3¢), B#lcSHLTH
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Fig. 2 (a) Surface transports per unit depth (STUD), (b) U(eastward)- and (¢) V(northward)-component of STUD, and (d)
vector averages of the current directions (azimuth) along Line-Y. The period during the increase in September 2003 is shaded.
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Fig. 3 Time sequences of surface current vectors as recorded by the HF radar with SSVA field during the significant
Kuroshio currents increase of September 2003. Pink (Green) vectors indicate over 100 cm/s (50-100 cmy/s).
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Fig. 4 Temporal average of absolute SSVA during (a)
1995-1997, (b) 1998-2001, and (c) 2002-2004.
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Fig. 5 (a) Time series of the zonal averaged absolute

SSVA along 130-160°E, and (b) the area averaged absolute

SSVA in 17-27°N and 130-160°E, at the subtropical fronts

region. The arrow indicates the increase during September

2003.
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izdb EL (Fig. 3e), iROILEMBH S HBITEA LI EEIZ
BAREIZ 2o, ZOLEREFER VR -T<TEM
F|Z/25 TV (Fig. 1. 3g). Tz, KIBMEZIZEBEL-
ZELBEMTHoT (Fig 2a. 3h),

Usui et al. (2008) i% SSHA & —#R{LET /L (Usui et
al., 2006) DOFERME, 2003 4 8-9 A ICEEREMICTHNE
REHERBBIEL2#IC, SEALRF BB OFEH M
L. A BB T8 i o0 R T 7 31T B ME S PR AL
(EFRTRIEEN BRBALL, ZRBTHREML O THEE
B TE|E&/METERAIR, 2004 £ 7 BiZiEMEEHRO
KEEFT (2004 457 A~20054E 7 A) #BAEXE-IEER
L7z, ROBIRLI-BERMN L, BILORELIPRER S
HEEHOBIALE TS HF L—4F 11, i REOEEDR
HeEzZ OB EBILEROREER TEO X EMIE
HoBKEEPREROBRICL>TRELTWIEE
FEMICERRIL TV,

32 BREIREORREREHORFEEE

BELFEES BT AEMACATFERLIZT, JLHEE
EABRIEEAERRO _~OBERERBIHD
(Kobashi et al, 2006), = D EEE\H ATARIE (17-27°'N.
130-160°E) i2B W THRBEBOTH ELA B LH
SSVA $hbiod -7z (Fig. 4). BT, SSVA OHEAEFH
BERINCBWT, PIREROEEIRO 10 FA7r—LOR
FEEEMRH BTz, 1996 FEH & 2003 FEILFEBENH
<L HHZ, 1994 FHE & 1999 LEERITEV MERRIZ & - 7 (Fig.
5). 2003 £ 9 A ORBFAEME R Z LizEemKEER
ik, PHEROREBHO 2002 EIZ3FEHERMED
BEEIIRE CREREL QW Zhid KLM04 D34
L7 2 FRITH -7, RERIZ 1999 F 11 AICREAE L
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Fig. 6 Composites of Kuroshio current vectors northeast of Taiwan observed by the HF radar, and composites of the
surrounding SSVA field during July 2001-March 2006. The composites are classified according to the area averaged SSVA
in the 23-24°N and 122.5-123.5°E (shown by square) for (a) the negative-SSVA, (b) regular-SSVA, and (c) positive-SSVA
phase. Pink (Green) vectors indicate over 100 cm/s (50-100 cm/s). Data used only when both the HF radar and the SSVA
data were available (The HF radar daily data has missing periods, and the arrival interval of T/P is ~10 days).
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FEEHERRIEIT (ULM99) DOEERTD 1996-1998 b
b HFHRBORBEHNTH -,

e, SSVAILIFAT v I A MNEESEMEIITI S EN
TWRWITTHEN, HEATREO PREROTEE
iz, FEHIcR W BEERSHEESRALN (Fig. 5). A
DJPOFEMET L MO BERPBRHEL THBIERZLL
s,

4, E B

4,1 S@ELEHRUARBHREORBEEREE

2003 & ¢ A oBBEERERIEMES B Lic—D
OXRERFERIL. BOEBTERBOEB R ~OBET
bol (3.1 f), BMERERELDPREROEE (8K
[ -{ESE) ORERIE. 0 2003 EOHEESICRLT, —i%
BICHBHEEZBIND, 23-24°N, 122.5-123.5°E OfEGETER
SSVA DIRHERZE (SD) kY, BEEMICEEL: £
IRIROTEEHBIL, HF L— M BREER B~~~
LJE SSVA /O HEI v (A EOEHE) % Fig. 6
\ZR7, (Negative-SSVA) fEIRTED SSVA HATSD L
DRENHEIRIBOBRTEERDBIRLEZFS Fig. 6a).
(Regular-S5VA) SSVA 75 SD DB A IRE R IGNTRL
TWeW B4 (Fig. 6b)., (Positive-SSVA) SSVA HIET SD
FOREWEEITIBVMEREERSERLIZES (Fig. 6¢0)
CERENRYE T2, RERETTHEA 0118, 0.092,
0.071 Sv Tir-7, Ichikawa et al. (2008) AMEHHLI- L5,
A REREDRETR R IEM 2R L (Fig. 62) . £
7. MOESEERBERRIRER S ERERLE (Fig
6c). _

A RJEMEREIERIL, BREROFIA @R DA A
DFEE (Fig. 6b) ITLE_TEVESHEIC, T, LVERE
W@ M E R LI (Fig. 6a), MABEELIVLHE AR
(BEARZE) #MA<Z8E, PREROKEBRSNER
AP MHBHILLIFRNIZ, RO E iz k> T mEm
SEF LV R AR BAKOK RIS SHEMT 22BN
ER BB,

42 PRBEAIEICHESIRURIOEBEY

BIERIPO SSHA Fic xS HE R #6072 ki
&% 100 PRECEBNEETHS (Yang et al, 1999;
Ichikawa, 2001; Lee et al, 2001), RICZEEHILAFED
SSVA BAEE Rbivis (Fig. 7). 29 100 A AHOZEENI
2000 FEFICITIEEAY RENS -0, TORRIICEIEL
TR o Te 2 ER ENE X BB, FITEEVERT

BRIRIZBVTHREBEIROEEI B AT5h o7 1999 F£EHD
12FRIZHTD (Fig. 5). THIL23°N #% 150-160°E i2d
HTRERNAEENICEET IO AL T E LR
V) 5.5 km/day (Killworth and Blundell, 2003)), -,
2003 £ 9 AoXRBnEhisL X\ ESUESRR
2002 £F 7 AiTi 155-160°E, 23°E fHFizdhoTc, 1-2 8D
Z7 & o Tl TR O PR RSB O REZT B,
BEOCEEIZBTHRERICLIEHEAL TH5H 100
B RAMOEBIOMIBLL TR TV EEZLNA,

T BICBE A OB EILERPOBREEEH
BiTHK 100 B B oEER LI, T, # 60 H AR
OFEHIVE RO (Fig. 8). Line-Y OFBHELF
™ 19 AFIOREREMN SSVA ORI BIEEI-0.57 (95%
{EHEIBF-0.61~-0.53) Thote, BERMICB RSB
REROBEICIORED, AELERERERE D
#1100 B AEIOER-L CRA T VEE L BLD,
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Fig. 7 (b) Time series of SSVA east of Taiwan in
21-24°N and 122-124°E, and (a) its wavelet power. The
~100-day variation was weaker especially during
1998-2001. The arrow indicates the Kuroshio increase
during September 2003. Note, annual variation was
removed from SSVA, but mesoscale phenomena were
well remained (Section 2.2).

a) 5o

Yeurcay (1853}

Fig. 8 (b) Time series of the surface transport per unit
depth (STUD) across Line-Y, and (a) its wavelet power,
The arrow indicates the increase during September 2003,
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Fig. 9 Area averaged current speed in 24.5-26.5°N and
122.5-124.5°E at the surface (dashed) and 100-m depth
(solid) (N. Usui personal communication). The arrow
indicates the increase during September 2003,

43 2003 £ 9 AORMHREREMOER M

EBEENOEMEXBREIIZIESESVEHTH
BHELHID (Tang et al,, 2000; Ichikawa et al., 2008; Fig. 2.
8)e ZHIZIROEHIZEBH 100 B A OESGOL— (%
KEAEROEINE) BERol b %1 2003 4 9 B ok
RRETVE, UL, ZHuidffiod 2002, 2004, 2005 SFEFED
BBV TLRRTHY, RERETRIBY T
2003 F 9 A OXHEIMTIE, UDFL A~ CHRERFFRYE
IxHbNIeh-oTe (Fig. 2). LAL, SSHA F—FHEEF
Jv (Usui et al,, 2006) “Cid, RETHL HF L —& OBAS
BLERIUL, 2003 4 9 B I DEIC -~ TEE AR
Rbniedoichoo, 100 m ECIHEE DRIV EEE
RLTE (MESKEME; Fig. 9). 2O RIL. 2003 49 BloBE
SRR ONEBIENEN ST T TR LTS, 0
LERERMCEMICATFELATHEERE 31 &) of
E#EELEP oI EBELLND, TLT, ZhbO P
IRFET, BBV TR O R B TS B RIS R R I 38
E-FRRLTWE (3.2, 4.2 8 WTRIZLTH, 2003 £ 9
HoBRE R, #9100 BB, =R, #E~10
ER— L ORFEAYRDE S OB O —IRE Lol s
FIFREL T,

5. #a

FHEETREE (NICT) MmN I
Z— OB LT 9.25 MHz SiFIFEL—F (UF L—&)38,
2003 £ 9 A icAEEEM IRV TAREBENHEBRRD
KIEMEFBAILE, Zhid 2001 € 7 A OBAIBRBLRS

T

KOEBHBERLIZ, ZhIT BB R ~DBSEET
DEFREHIES OV, BOBREEAREBMH~0
Bk L#iz, BB EMNOBROFERAIEML ., iR
BREICHMWVESESEEIL 2R AT, 2NN THREHE
L CBIE &/ MEFTEAEATEZLD, 2004 EOKIEITIED
—HEipofe B LAbNS (Usui et al, 2008), HF L—#i1
2003 £ 9 B IZZOFOERINE FEICBIRIL T iz,

BERHMTHREERIZLSHN 100 BAHNOEHAH
SSVA ErLEEIE N, BRERROBIEITRBOR
BRI mL, #ic, ESEERTRBAL TR, £
o, BRI AR ROFEHEHHEEFIC A b, 20
ZOOEMOY— 7R ERLLECBHREREIZEEML
TN, FRIZ, 20 2003 52 9 B DBV, THEVHATHS
ZRITAPHIEREED 10 EAr— N OREFTORE
BRI Cuvis, ThEr£0 4 —FE
ok EZLNS,

FIEITOEBOREREICIE, T 309N HOhEIE
RBEBZLNLD, R R R TCHIHL T HEILDEE
bAREWEEZHND, L, ZOEIBE DL THIE
HELF=Dhs, RYIZEHRL T O RS ET BHRE,
F7-, BEFRIARIRICBSIT 2P REBESORELHIT
ERREEI ORI (Qiu, 2003) LVEERBNTHIET
BHERICH -7, ZOBERIT BRI OISR 2WMERE
RIEAERT DL LT, EHAF RO DEINR KR ELAR
DR RBEROERPERLINDBAN—T—LEA 255,
ARGO 7o—hF—Fi X & A - A ATRIR OWERN
B CORELRTOMITAY | ESRDFFATHEEN 5,

HEF

S[EBTEFORKAAE LI, BELHBISL Fig. 9%
BELLTHEE L, 9.25 MHz SHEEL—F OB EE
IZR8o7- NICT DIEE@EEH L. RREEE L, REE—
R L IR K ZOBAET LSRR LET,

J-OFURO (http://dtsv.scc.u-tokai.ac jp/j-ofurof; Kubota et al.

, 2002) @ SSHA F—#¥EALELL, 3. BELHE
REREELEREEREOPHE ZBHEHERICRSHRLE
T £L T, BRORAEN AT EBIRA O SR 9E0 LB
FTCH DAL KES B H #E MR8
Bee RTREAPEEEL S, OIS TESELET,
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