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Numerical Experiments on the Mechanism of the Southwestward Countercurrent
East of the Tsushima Islands

Naoko MARUYAMA*!, Naoki HIROSE*2, Jong-Hwan YOON*2,

"E-mail of corresponding author: naoko@riam.kyushu-u.ac.jp

A southwestward flow has been observed at the eastern side of the Tsushima Islands by ADCP
observations. The generation mechanism of the flow which is considered as a countercurrent of the
Tsushima Warm Current is investigated using shallow water equation models. Simulations by a
baroclinic and a barotropic model explain that two major conditions are important for the generation
of the countercurrent: One is the presence of the earth’s rotation and the other is the seasonal change
in baroclinic structure at the Tsushima Straits. The southwestward flow is interpreted as a
boundary flow between clockwise and anticlockwise eddies at the lee-side of the Tsushima Straits.
The lee-side eddies are not stationary but are advected toward the downstream of the Tsushima
Warm Current.
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HEBEIIAMNCHFESICHEN, BB X
% 200 km, VKR 130 m BEOHBKTHD. £
DIFFEFRICITEED) SIERICEDZ2E 70 km 1T
EOMEBENRHD, HIFTENS HEREARAT SHE
B 2t Bk N TR - TaACGEIC I X B 5. HAEA
WMAT B He— DWEIRANEIE T 5 6 Bk O REEE O
AL, HERBOBEREZMAL, TRETS LTEHR
GEad. T, REBETIEXARZ PLITHRENEA
ZIThbhThy, MEEROREESOMRINT, B
EBEOEMISHEETHS.

NNKZEH I EHFERT TR ESE K E EILET
EHIREMR D H] IZRELZADCP (acoustic
Doppler current profiler) I2& 10, MEBROEHNT
ZHY T EToTNS,. ZOBEAZAEABICRAT

LR BEROREEEZHEHAT N TITDN TN S,

Z OMERBREBEEICL D, B TFHEM ELE
DEK 40 km) TBWTILEFRAE RO BEFRIC
XU, HBRZEEREORKRSER I N, ADCPE
5 E6N18mKEIZB T 3 B iE % Fig. 1
IZ7R 9 (Takikawa et al., 2001). BRI HR/N_F
*] RKUBERES AT LEHEH
* HANEMEFRHZEI I 2 —a VSR Y —

EEBERICHEERE ORENERINS. HEEEOWE
B TR ZOMIC BB FNBADCPERIZICL VEL Z
DEIBRFBPRZENTNBY, ZE=F LTI
Ko THH TRENFEMNICEET S Z ENRENE.
Takikawa et al. (2001) 12Xk D, & DRFZERHIAIREEN
PRI AT S DY, T ORKEIZEZH S M TId AR,
EFF TII2BEORKIEET V& B W TH Bk
CBITHERRBEEEZHLRL, EAEROFEEEEE
HoNMCTBEZ2EMNE U TREEREZITS. ®F
IR DINT A—% R OGI G0 3 BEE DR 5% B QBRI
WCEODWEREREEE RS, £k, HETFHTEE
TWLBHROREERZERT D720, REFGHOR
REBEONDOF ROV TREERREZITY, TOMHE
BT 5.

2. BEET L

B EII RN, RETNICERE L S BE
R 10 cm/s M5 30 cm/s I FEDWHEENR S
N, EECOENREKRKENLD.  Figure 213
Takikawa et al. (2001) ZSADCPERID#ER % ITIZ,
BB > TEEREOREBELZRDZODTHS.
Zhicks &, XFITEFEABITBNTIEENZEE
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B FER R 7Y 1 & SO O BT ZE

PNEEI N, EFRIAE 3405 345 1KMNTTOR
KEITRIEWRE 2 T 2 EEMENFEETS. K
ETREMZEL THEMNEEDNRZD 6N D. AHFR
TR, ERORBHEELLAZTOMNE—HIEEZEREL T,
1.5/8 reduced-gravity ROEFIIN EIBEETIND 2
BEOETNERHWTERETD.
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Fig.1 Monthly-mean velocity in March (left) and
September (right) at 18m depth (Takikawa et
al., 2001).
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Fig.2 Monthly distribution of normal component of the
measured velocity for March (top) and September
(bottom) at the monirotring section. Shaded area
indicates south-eastward flow.

211.5BRGET I

{EERE DR E M BIEBEOEZORENELEZBE
T 579, 158 RG EF )V (Kim and Yoon, 1996) %
Hwk., RETIVREEEB2EL L UBEEZEED
B35 -D0BICEML, MENTOEEIIE—&T
5. SHLTTEOEESNERKTHEEEETSHIE
WWEDTRICBIZEHZEMAL, EEE—T—FI
DNTOLBORNDIZEEZD. £, NEEBOHE
BRSNS N &S f LR ZETY, FRTERE
ERERWS. ZRAHFERBUTOREDTHS.

, 0
a—u+ua—u+va—u—fv=—g 21 _ Ru +AhV2u
at ax dy ax

ﬂ+u2+v3‘i+ﬁ4=-—g’—[?l—Rv+AhV2v
ot ax dy ay

an a ]
—+—w(Hg+n)j+—VvHo +n)p=-
o ax{"( o +m)} ay{v( o+ =-17
==L,
, PP
g=—l—lg
Y,

THO, u, vIZTNTNHM, yHFRIOTEZ, 7l
BEHEMEIABRERABEMOMZRT. v
Newtonian damping 23, Hy 3 LEOAMIZHBIT 3
BE, fRIVFUNTA—FTHB. KERENKIE
BRI Ay DEIEEODNOBREEROERNSE 10X
105 cm?/s A L%, ¥, aUFUEEZERLLE
BEEURWHEORRZTY, JUTJIEMNRIC
RETEECIOWTHHN. FHEEICIE leap-frog
scheme, ZEMIMIICIZ Arakawa C-grid ZRWTHE
REZEMEL, BREIIAT >y )V ZA MO
A —RBITHENF—2RETERINAF— L0
(Arakawa and Lamb, 1981) Zf\»%. Figure 3OXK
HeTH - el E TV E U, FAHSHZ Mk
5570, BEMEERNS 39.9FXFATEDICH
mIE5,
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Fig.3 Coverage area of RG and barotropic models. Water
depths are shown by isolines.

KRB E, 1930 km~50km DOE THRAIE N
EHERDAT—IVEEZEL,5km & 2km ZHWS.

EFINEEOBEEERN SR BERNKAL, X
BRNMOFEHTBEIFE L. xBTS
F Tl no slip&fF& L, BHRIZBIZH®EDL 0 TH
5. —F, vEHUZFTREA - RHER CIIEAHNE
R4&EESZ, TREDSRE L RN ERER &
DHEATDEHDETS. 7271, HELHENOERZ
FEL, EERRNBEZRMRIBT5DICHABRTH
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ETO7 7N EREEICESHERL TS, xER
Tl Takikawa et al. (2001)23:K D 7= %t Bz B
LZHBORHEBZTIC, BERADS ODHABZZEEK
DEFELTRE>TEZFRBLE 38v, KFIBE
F2SVICHERTEDDETS.
*EBRISIERICHEAT DK, b RICHE 28
3% (Katoh, 1993). ZOWHEIZHERT 57720, His
FTRHEREZEEL, 7 ICHEROTLE 0 &T 5K
EHARIEHE (tanh) BOBHEEMZSGZ, v lZIZZ0E
MOREICE D h#EiEE 527, 2O tanh B
DOEMZIBARNE, BEMNALRS. vIZIZ2TO
BHZk. Eiz, ERERTREM)DY LTI
THT, REQIY L TefFo7. ZOBEOHR
Hu 3EERZR OB A KB T, HENK 3 Sv (EF)
B2 Sv (BF) ThdESICEATWS. BRIZH
3 y FMOFHE vIIEERRERRK 0 THS. ¥
BT ORI —IVITXT1 A& L.

2.2 JEEE TN

BRI TEESE R4 FOBEEZFHERT
570, BAEBEEEFIICX 5KEERZTS.
HESAURESER 1.5 B RG ETFINOBEEEFE
F#%TH3. 2EL, BEEET I CRIEEBREDME
&L TO0.1 cm/s, 0.01 cm/s, 0.001 cm/s @ 3FEVIT
DWTHEL, BERIC DV TOARERZITS. £,
REZEOMNBEBRADHKARELTH 2Sv ZANS. K
TRGEE 5km &T 5.

3. % B & B
3.1 RGEFINIZLBERER

AR LAZLDIZ, Y2al—TarideTsk®s 3
Sv DRABICERE L. £z, HEKDODWTIREZD
FKEIZBITBBMARFE (19 60 cm/s) ITIEL RN
bOD, ETDHFETEEL T 30 cm/s~40 cm/s DE
FELREEESTWS, L, Zh50OEEERIC
Lo THESNHEREIZETIVORAN S FITH
EEFANTVDE®D, KFRTIREENFMEL DL
AEMENSYEHROMIRICANENS

I8 5km OHBOMMERICLDELNLTH
% Fig. 4 ITRT. TS RENEN+SEEIELE
%, 100 HEEH L THAEREI AT, Fig 4 @33
VAVEEZERLESS, WIRaUFTVEZEGLE
BETHD. INSOTEHRERERZE, BERT
13 B ORMNTEE - BKRAEEMICEEL TNWBT
EWHND, TNEOERNREICIIEERE ORNE
RENTNWS., —F, FEERICBW TS RHELE
2BV 2 EEN RS KRIEED 5.
Figure 5 132 NZ N FIED 2 km D E O(a)EiExR
FERUOG)FEEEROFREE T, FRICEBITEL T,

50100 HEZFEH L TROEFEESHTHD. WE
THBICERE TS &, REROEERRICBNTIIE - %
KR VEBERNEEL TWSDIIHL, EEEZRIC
BNTIEINS OEBERRD SN,

—> = 50.00 ¢mfs

Fig.4(a) Average velocity field with the earth’s rotation
simulated by 5km grid model. Horizontal axes are
shown by grid numbers.
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Fig.4(b) Same as Fig. 4(a) but for without the earth’s
rotation
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Fig.5(a) Average velocity field with the earth’s rotation
simulated by 2km grid model.
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Fig.5(b) Same as Fig. 5(a) but for without the earth’s
rotation
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B HUER E P 1f] & SO O BB RIS

EBIE, INSDHRKO—HEORLEES &, H
R - FERERRILIC LIS 5 13K ETE D DR,
T BN S IKREEE D Ol BEHNICERINT
WABRTIHRTE . Iho W BERBEILHENS £k
NEMIDHBHIRESITRDBEEENSFHBEL, THIZ
WMENWEHET B, ZEL, —EFRELZE - wkEn
T 2L TORMIE, EERTHEH, ERERRT
2~3HEEL JVFVHOBRIIE>TAELLE
ok, ¥, BERERIIBITIEAKEFRICERIN
SHKMBMIEED 30~40 km FRICIFIEEEMICE
FEL Tz,

ERICE > THRLNFEEEZERITBITHHEFRD
REEEL, BEERICHNTHELTEHNRENESE X
5. TEERTETERS N KEEE D OIS
FIBIZH > TRIZHEIN TS RFNEZ 51720,
WABRT 2 ETOHMIZ 2 ~3 ARE BN, £/,
FEEERR CTIFAEKEZER L /ZRNUILT U b REE
D OWEFRET, EEERBICIITL A KEEFERD O
WMOREFEETHEMBR SN, BEiEREIIRESEE-S
ERRNESNT.

3.2 JEEETFIICLZEBREE

KT, BEETIICE 2EEMERE Fig. 6 ITRT.
NS RERICEBROBEMEZ ML, & DEENR
HETHORNBOBFREZRAALERTHS. EEE
#2303 (a) 0.001 cm/s, (b) 0.01 cm/s, (c) 0.1 cm/s &
Az, REBEREN 0.001 ORFICIIN B FRIZIHN
WEENERINTWS., LML, EERGRHZ LT
TWLIZEN, WETFROWMBEIIBA TV 2.
FH(2003)I3x HHEBICBIT S ADCP BT —F %
HEL LT, VI2TEEETIVICBIT 2 @Y/ REER
BER 0.1 cm/s EFERLZ. DED, EE#ZEZE
ELERE, BENEEDNSRBHEEEENS S
MERTOFAER EKFRIIEE A EFRR I NN,
7, BEHEORNBICKITTEEERARD DO
HEBERELT, KEEZ—RIZ80 m ITRELELT
FEFRRDERZIT - M, WE T ROREMEEICIREN
BE(BIZR s NN 7.

1. R EEFE

RG EFINVKRUIEEET IV &AW TEHER KR
BRIBIDHEERZTo>LEIS, TNETNOH
RICKEBHENE SN, RGETNZBNWT, H
LR TIEEKEZBGLZRNE, To—MidE L
SILRMLICTRBE L TBKRZERL, RKEZ
i U 2O T SR F IR E R L7z

—7, FEEEER TIEKE FROMmKRIBEER SN
BN, BKMRPEASNLHEERIERLS, BERDTS

% = 60,00 cm/s
Fig.6(a) Average velocity field with bottom friction
coefficient of 0.001 cm/s.
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Fig.6(b) Same as Fig.6 (a) but for 0.01 cm/s.
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Fig.6(c) Same as Fig.6 (a) but for 0.1 cm/s.

ICHET 5. EEER TR EEMIE TERS NZBKE
MNIAUFY HOBEITE> THRESN, RELRNS
THRAFLREINEEEZEND. FOHER, WEL
BEDE 10 km~40 km WD LEIZBWTEEBKEDE
SRR E RN EEWICEELZ. £k, JE
EETFNIKEDERERNS, TRERCRKARERIE
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MBI EER L ZRESERE, VA VEEE
BICRE LN BWFROEEHEEOREEZT, BT
WICRBEZERT 5. BERIIBNWT, RKEZHE
B UL Z O—F AN EO TR & 2> THE
HANCLEAESHEROEN (HHARE) hkEz
Bk 3. —F, BAKERERLAERIZI) A
HOFEICLD, FERRICHE TRICRRIEOEVEEK
WBEHRT S, FEERCBTBHNB TIIEKET
RICHR I NBEEE D ORORENRE KBEE),
FKETIRICEL 5 KBEHE D Db BFIEICH >
THEEL, EHMOS>BIc LBOILLEE TR, F1E
HREERIER IR, TNS0OEROER, T
NETHRL BN TEZNBRBOMAEM ERKIKIZ, H
JEHHEO T TEUZEE - BkEOHEROERRE
LTHNZ2 DD THDEHAIN.

ES I3
BREKETOITHED, AIMNKZZIEH N EPFER
MH B %, 0 T 833 0BRHEREL
TWiZFEELT, E<HLEL ETET.
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