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ABSTRACT

370 A7 ATHE BT sho] tiuhdo] &grefste] T B 71X AAESS Aelo) K ¢ 5 o
L 718]2 At stk 2.0 T AL tiabde] 94, 1 5w AEESs 9 Fa) Yo q o] BX
= BejmeF ol el e Sejmer 8774 uelaol ojd) FAEth T2 vk, we] g, Aw s 5ol uet 1
SpeRe vigtelA] WRte) o] AAu o] thalA L of2] shSol 946 B2 2150] 250} grovt ot sl

o} 71 W3] Aol P A0 WH T T2t G, obgh] vt Mt o e} obl o] vl A S Eake B e or
A7 BTt AR HolE 4 gt 9771 Hash Helet ol = me SEhdRoL Qe §4 T oA
TEF AL AT} NAA G B3l A -G AN E] bk Te ARashe S Re] AdNES 49E 5 9l

L BAHE 27 9808 o2 tAE B J1de] td A7 Basitha Am

Some dynamical issues about the Tsushima Warm Current (TWC) are reviewed and checked for the remaining unresolved problems,
focusing on the formation of the TWC, seasonal variation of its volume transport and its branching in the East Sea. The TWC is a part
of the North Pacific (NP) subtropical gyre driven by the NP global wind system. However, the quantitative amount of volume transport
is sensitive to friction, basin geometry, barrier effect and so on. Among many causes suggested by many scientists, subpolar winds are
found to be most closely related with the seasonal variation of TWC volume transport. However, more studies relating the latter not
only to the subpolar winds but also to those including the subtropical winds seem to be required. The branching of the TWC has been
known to be due to the western intensification for the East Korean Warm Current (EKWC) and to the bottom trapping for the
Nearshore Branch. Since the former hypothesis is problematic in explaining the seasonal variation of the EKWC, other candidate
mechanisms may need to be considered.
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o g 2eke-5 o) 5ol ek Chang er al(2016)°] 21 uf glom] 1 o}0] 34 475 Falolie
(¢l Choi et ., 2018; Park et al., 2019) B AFHlo] W54 $ic. oleiat ¢ Zvke 159t 4008 215 sfiZolt 4
A 500718k Shos] .2 Sofd) Ml e 2 Bafel Y3 el kol 450l g et 2
A 5 A0 Lk 2 Itk WHhelolis diatel@ S Sali 98 F2A oA d4r At Woelel 58] 5]
W) A, sl o) S ELEEKWCSE NB, Fig. 1), o] shit Sejey HaaAze 2240
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(Kuroshio, Fig. 1) Z2bA & 547} gl @(KS, Fig. 1)& 5l et A 0 2 Fallol] et Al g o 2 v
& BHT FS Kot T2k Zlo= geiA glort iAo & Folo) BA|R - g ok met Bt SRR
(EKWC, Fig. 1)} 9 A91-g nfet BAF61 s QEAFHNB, Fig. 1)2 - 2Rt

o] F 27} (TS, Fig. 1)2 20FiA(SS, Fig. 1)& &0l SEIE S} @ @ =T 6|2 v Urb=d] FE&3-2 A2t of
1.5 Sv (Onishi and Ohtani, 1997), A7} 2F 1.0 Sv (Fukamachi ef al., 2008) 7} Htt. thetll@-S S5 A= oF
2.0-3.0 Sv S & X|(Teague et al., 2002; Takikawa et al., 2005; Fukudome et al., 2010) F-2A] . 55531 40-50 Sv Bk Ar

5] o1} -5al 2] ol 7 1Vd=2 =E(Hiorse and Fukudome, 2006) -5OHA[oFe] AlEF7HA| = ks & THE 588t

71T @A 7PEAE Q 1“/](Yamamoto and Hirose, 2011; Seo e al., 2014). Y5Goll= =24 02 JAAH 2utelln =
ERRFHNKCC, Fig. 1)7F 8592 WA A ko = Fof 5 2 o T4 Zotal AL ofelix]i= Ao & def A Q1
(Kim and Min, 2008). ‘&= 2} Y-S Afo] = tiupdFo] B A S webA = of5714l0] & *é%ﬂ}
F& @7 ol Roj A Lo AFod= 1%

5ol TSl A|tiRt ke vlAh= tiepdRoll thsial= 152t e
1A b Al SRl = sk, A k] 8 9o o SA01, Sk ks -4
ArdRsto] it A o], A= ol Ul Al tiuhdFo] 2]of] it ZAloleh. thuhid-f= B ot duikeel 5 A
HdAIR O] RZA FolE TEol= AolHE-F(marginal sea throughflow) 2tal & 4= St} Aslts7o] 4 2 Ald
52 Aol HFellM o] &5 dEiehs A o] FatehA Pewet A2 H o] Sl sl ofsiArt A== Aos =
ol e 3 e} 2w e o] Ul Ao clahde] eleks ofmel ARkAL flck el 1
2t o] 7P Al A A - = tinbdR7Faoll ol 2A]5h= @4 -ofl tisiA= AHE 4= /lth 94 dEdhvel o]
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Fig. 1. Currents in the East Sea. The Tsushima Warm Current (EKWC and NB) occupying the southern half of the basin
originates from the Kuroshio in the North Pacific and the NKCC circulates cyclonically in the northern half of the basin. EKWC:

East Korean Warm Current, NB: Nearshore Branch, NKCC: North Korean Cold Current, KS: Korea Strait, TS: Tsugaru Strait, SS:
Soya Strait.
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U Fof| A %t ol AR E Ho|1l Q= 71 0 2(Park ef al., 2019) &E|A] glovt & oA KB
AME} PEAMS O 2 QFEE L QA B 4= Q7] wl2of| o]2|gh T4 o] FAIE ThFo] K
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ol k. Al A AL ek ol @A) TR o] £4] el gt 3514 sho] oF a0l A 53 o] F AR &
T AEE] 3 9] Fab7] the] o} 22 4 Gl A1 S hIski SR Sl A 71 o] BAe] SoiglA
718 B shdr,

2, tHoptRel 9

tiepctRo] @ dof et Al ol ARE vl B Qls T = A B2 SAE0] 4 o] T o] Fof gkttt
Aol QlotA] Fol Ui-et - 7o) sl 2jo|eh -2 =2 A Q1 @912 7 E]t A7-5(Toba e al., 1982; Oshima, 1994;
Tsujino et al., 2008) = AN oL o] 2 A EEfHF ofAy AR A A5l = A =7F @kt Minato and
Kimura(1980)= &3S FHB Y ofdtiee ot F2 522 A U= A2 Aol Heton Thet sieftiieet
g2 2-gsto] tinbdRr A= vl ofsiiA A= | A}, 12y o] HlofA At Sk *a‘ Al
oF A Ugk=t ot ®Eofx] AA]| X[d-a U5 Thestole] nbgo|ut 2|9 &), 4 @ Wi(barrier effect) 0] 11254
197] WhE0] PP AL, Yang e al.(2013)0] SJa} E11 2 SR a7 2] 20 fgt il form drag),
G o] ol W4E U5, B2 el ZAIoRe reiae] ol ol sli-p o] Aleke Hhe o] o]z A aviet 4
o] SHEt. Nof(1993)3= thbi ol B4 oﬁfmol 150 FRAQ W58 RS el dlio] Yl W A ke
ol frdslol Agsh Bihoz ugeh of ol 8-Ale] ol Ry olsh thuRel S4e §9, §E70] = 4
o]} 4 7ol W 2tolof osfiARt 73%431:]’. T3 1= 1.55 2| 22 (Bleck and Smith, 1990)} Godfrey 2] island
rule (Godfrey, 1989) o] FA|o]l &3l HJITHNof, 2000). S-A|o] 0|21} 1.55 TP v|AY Rdo|u ]S 7
A5} island rule2 A8 Bdlo|m npke 2A|519th RE Rrdlo] Ailo|A= 4=5aFo] 10 Svo.2 AA| Zel 2.5 Sv
(Teague et al., 2002; Takikawa et al., 2005; Fukudome et al., 2010)Ett =7 Uttt o5 A0 A& R H tjuptFz9]
TEgol AolA vdY Gtk IHA] FaskR] o @s]# A|Folu updo] B S8 Rlo] H 4= Q5 AlAFsiAL
AUt Seung(2003)-> FFEAVE 2Rt island rules 285107 28t npEAlgof| disto] 457 2.5 Sva A3tk A=
A ESHA] IRkl AR} ISRt S P2 o= oFte uhE, A3, A B l(barrier effect)” F PEE A= 2 H 0]
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Fukudome et al., 2010) &5t} 271 2o @3} Aofellg-& B9t 53l theh ZAR= gt o2 Rloksht zxte] A1
HE Z-2 ©F(.4 Sv (Nishida e al., 2003), FA+2] 73-%= 2F 1.5 Sv (Fukamachi et al., 2008)%1 71 © & &t

a3t iR dee] AR E-S et <1t slidoll A o] APt A7) 104 5= A7 Botslet dlE
E% Lyu and Kim(2005)-2 th3tollid e 5 eF £9] Sl A H-52] 58445 AFaI, Ma et al.(2012)— F2AQ.0]
AR F ] ATH-S 5745 Fukudome e al.(2010)-> TRl Fof|A] ol A5t o] tigtelig Eae] Al
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& 1A, oI5 A8 Bt 214 el -] Aol et oloe IR0 HiolH 4550l A

50| FETR] 27l Aoksllg 51 s, 71de] At WA s] AE o] Atk AM2 o EellA BEE
5750 A Hat 53 HRO A R E de2]7] ARSIk

@72 TS viel ofobH 27 Feal|@at Aobol g2 Bt 5o AW E 5442 thdat 2ot AR, AdHEo] <&
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oFsid HPZE2] ofeldo] ’iststal o] Aol Fall U= Hutxo] thetsd7lA] o|28] {4 4532 HskE Zefeith=
Zolet. webA] tietel|gxt AofsfgollA] 52 APdR-so] vl o & Uehdth= o5 ArE A9 e o 2Aqlth

O] AFAL- Cho et al.(2009)2] =2 A M . Q150] =]t} $HH Seung ef al.(2012)2 nFE-a 7S 12t island ruleS
2 g5t 01* 1:}231} Zo] dgst sieiek side] Al 7i%] 79 @1 21e] T+ dllg& Sk S5 (“ S 53] & (flow circuit)”
2} 7 9)) 9] =572 island rule]] oJl} 2T B9 ¢ thaat 2ol 37]9] “ S 73] =7 JHHET (1) Aok 27
1= ficl Eﬂi” (TEF qw), (2) 2ok RIS “SE2 2" (5% qu), 3) Z7F-UIRMEIE “S58]=" (75 qu). °1=
54 A= Fol= 552 °] fdS sote HE“SE ﬂi’@/] o= ohait o] Foiet. &, tiRleid 5 Qu
Qi=qsk T Z7FFNE TETH Q)2 Q= qu s, 0PN E 75 (Qo)2 Qi=qsi + qst. V714 FEL -2 qu, qui=
]74]‘”‘_]: 550U g Bl AAE, Aol RIAAN RS Z=the Aot 11 o= B8 vig7do] Aldel
B0 o|Esle] Aok ZI125E J{Lg o] 24 of|t= o} A )] Bt (EFSH= sverdrup 5-5), A-2oll= ofgH) vt
%”XJ EFShe sverdrup &) 2] Y2 27| wizo|th(Fig. 2). T Aok olli= A5 E ol F 47 qu 2 g 5
S| HPEE - oot ko] B|o] 5] % g}ﬂi A&ol= A 2 i) Wefo] Hof pgdo] ofelEt(Fig. 3a). BT =, 2
7FFo ol = oF 5ol F A qu € g7t AR Hi HieFo] Hlof o] ofetE| 1 Ao i off g HPAE ke
= F|o] pEfo] ZelElth(Fig. 3b). A7 0= Aofsof|x o] Adrs Fo| 27FRs[g R B A 43S B
o] ol 20 = A7}t AofolH-Z TRt e AW E 58S YA 02 Aol & 4= UL 2 iAol 2R
Sh=upd 29, AHa7KYang er al., 2013) 50 B84 0 2 Ql5fo] Aukz0l FHZoll= Aufistict.
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1 SIS oEst oAEolle HEHAIRE Aells FE0] B2 o] Esto] Aok 27 lg o] ofet] vhee]
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Fig. 2. Time (month)-latitude diagram of the values obtained by zonally-integrating wind stress curl across the North Pacific,
which is proportional to total Sverdrup transport. It is shown that the boundary between the positive and negative values
changes its position seasonally with respect to the western boundary (Japanese islands).

= AN U 2 Y o U Tt N
______ Q st _’
—————— O
Summer Winter Summer Winter
(a) Soya Strait (b) Tsugaru Strait

Fig. 3. Schematic diagram showing the formation of volume transports through the (a) Soya and (b) Tsugaru Straits in summer
and winter. The strait considered is marked by a thick horizontal arrow. Volume transport through a strait is the sum of all
"flow circuit" transports passing through it. The quantities g, gsx and gy are "flow circuit” transports through, respectively,
Soya-Tsugaru, Soya-Korea and Tsugaru-Korea Straits. Directions of flow circuit are marked by arrows with thicker ones
implying larger transports.
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