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Flow characteristics of surface horizontal circulation in the northern Japan Sea
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Using satellite sea-level altimeter data and research vessel observational data, we investigated the flow characteristics of
surface horizontal circulation in the northern part of the Japan Sea. The main flow that makes up the circulation was the
baroclinic geostrophic flow, which has been reflected seasonal variations in the volume transport passing through the Tsushima
Strait. Furthermore, from spring to autumn (winter), when the volume transport through the strait increased (decreased),
northward (southward) barotropic flow occurred, making the circulation stronger (weaker). Therefore, the strength of the
surface horizontal circulation was maximum in summer and minimum in winter. However, in winter, the baroclinic
geostrophic current increased owing to wind stress; therefore, the circulation did not weaken as much as the decrease in

volume transport through the strait. Therefore, the volume transport estimated from the inflow and outflow through the strait

was not consistent with the baroclinic geostrophic transport estimated in the northern Japan Sea.
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Fig.1 Solid lines (HO, AO, NO, OK, and TU in figure)

denote the observation lines indicating the horizontal
circulation of the surface layer in the Japan sea.
The black circle denotes the CTD (Conductivity
Temperature Depth Profiler) observation points over
the J4 line off Hokkaido. The arrows in figure denote
annual mean field of the current velocity vector on the
sea surface in the Japan Sea. Subarctic Gyre (SAG)
and the first, and third branches (1 *B,3 “B) of the
Tsushima Warm Current are shown as shaded areas.
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Fig.3 Diagram of the monthly mean sea surface (@) absolute velocity, () baroclinic geostrophic velocity, and (O) barotropic
velocity at the west coast of Hokkaido in the Japan sea. The averaged period for velocity is 1990-2009. HO and J4 are the
observation lines representing the calculated absolute velocity and baroclinic geostrophic velocity, respectively.
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Fig.4 Vertical distribution of (solid) absolute velocity, (dotted) baroclinic geostrophic velocity, and (thick solid) barotropic
velocity at the J4 line in December 2021. Absolute velocity was measured by the ship mounted-ADCP (Acoustic Doppler
Current Profiler) with a frequency of 150 kHz.
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Fig.6 Time-series of the line mean sea surface absolute velocity (solid) calculated using MMFSC (Monthly Mean Fields of sea
Surface Circulation) and MSLA (Mean Sea Level Anomaly) at (a) AO, (b) NO, (¢) OK, and (d) TU. For comparison, time
progression of HO (dotted) was calculated in a manner same as described above and has been drawn in each figure. The
velocity shown in each figure was standardized using Eq. (4). The horizontal bars in the figure denote the periods when

the anomaly of current velocity in HO was negative.
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Sea (solid). The dotted line denotes seasonal variations
in curl t averaged over 1999-2008.
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Fig.10 Horizontal distributions of the sea surface current vector anomaly calculated using MSLA from AVISO

(Analysis, Validation and Investigation of Satellite Oceanography). Curl T was weak in (a) and strong in (b).
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Fig.11 Relationship between the geostrophic current
velocity at the sea surface and the baroclinic volume
transport, at the J4 line off Hokkaido (see fig.1 for
the observation points.)

O, T OO H R A DL CE T H i e oD R b T
BEEEZEZABND,
COMEERIZ XD, HAWALE O KA FIREER LT

MO A TIXIEMIZIZER L SN E2SHEICR Y,

Fig SIZR”R$ & B Y, FIERETTR O A & EB O E % 4
FITITBE AR, Z DA OFE TN 5 2 &
2% %o

Z ONEE T ZAE I M Gt ASHE K 3 B iR i c i < 7
5Tz (Fig.3). F 72, Fig. 52 SIAER O H ZbIAE
TGO ZFNEFH L THD LI ICRZT 5N 5, #ixt
THRIIEFIIRARE 2 ) T HRBRATIRNE 255
BiZAb &R L72A%, C OFEZ T Hifk % @3 2
MEOENEFUL TS (A, 2018), L7zA%> T,
MEAE SE Vo) F eIk % 5 9 2 AR s L R W B 2E LT w
LUREVEAVRIE S NS o NHEFDSEE A T = A L2200
TUE, BRI OGmEBEIC & 0 iiEdMH ey, ZfEviE
DI Z AT B 720, dLMEE TG R T & O NEE G
WIAET D BROMENP BT 2541213 LELoHiz
%0, dLiEET R TN E OMEERAE LS. 20X
#1 = X AFFig SIORTIMAEROFHIZAL, v 7o
FENIEBR I E F 2 b S % (Morimoto and Yanagi,
2001) & LR EHEET L0, S HoOEE L
7ovie WEILUZ LT, dGHEETE R BT B RKEKEE
BROMEIE, FEARMI T Bk 2 @ 5 5 e A #h i
I b ah, ZoORELEINAECIEERI AT S
728, KRR A @ T A eI (Ed) BN

H AL AT 350 ) 5 R ACFIRB O MEMEE - 25

WsE 612 (55) fbshb eEZz N5,

—eic, WEETEIELR, WAGEIEERZ: CIEE S, W
7 E DS DB o TV B, 22T, AW
T, BRI BT 2R (curl 1) & SR IEER O
5L OFEIZOWTHA7, Fig. 10bl27R3 X 9 12
curl TA%EY & X121, dLFE40~410F, HAE134~139)F (2
T COMIEFIFERI, *HIRTR A SO T )~
) —13EIZ R > TWwb, —75, Fig.10alZsr3curl thv/h
BV E & T, dbHEEMIEEE T, JLRE39~405, R
132~ 139 2T TP X DL e % > T bocurl 1
OITIZAE BRI O LiRE2 MK T L, T A&
X & ONEEFRABAEL Sz & Z 2 S ERRoOTm
TIEERECX 5, L7z >C, HARMBIZBWTD, AS
TN Xy R, o BRSO EAERIL S T W
LI ENTRIBEEND,

Fig. 5127 97 MEUE 51 2 U B2 0 1 D B 9V 2 A 9 i o
MfEICE YV ELZHENEEZ DN, FOEEziFol L
WFEEINDL LN, LSO AIIIZEL &
Vo L7z T, xRS & A RO LR O AR
i, db#EEEICB WL, EEMEIC SN G &
ZAbiMd, Tbb, JiEE VT FEO BT T S
HEE D E A R L TV Do O St E I3 5
FOR~10HICIRKRE LD, AFDI-2H IR/ S
(P9#E, 2018), L2°L, Fig.5Iomd & By, dbiEEmms:
T, AZFED12H 2 52 F 25 TIEEE b s 258
LTBY, 72, VHIZIGHRE D — R 2 BN A4 &
Nbo L7z C, bl = TIEAZFED RV eurl 12 &
DIEFEICHENSEINL THWAZ ENEZ LD,

&2 AT, Fig. 10bICRTHENZ MLVOT /<) —
TlE, b Rl ISR ER & B OB Tl
7 CALHREIR ISR S Twb . iU, curl tiddl
FEA0RE LIAb DU Z BW TR IEE e o TV AL Z EN D,
JUBTINC & 5 IEOREOHIIC X 0 iEH =7 ~ ~ BAT
EARFEFEEE 20, RTINS S L2 HK AR Tk
Med 27280, EEMEEDSRL S L CTRELSHL o7z
DEEZD,

ki, BHETHAZ, dbimEEoKE, a6
FHE L 7o M i & O ARSI AS, iRk & sl 2 Ui
LA FAE S SN2 FMEROEFERE L) 4 <
% DRV THRETT %o LB =2 B 2 KK
SPAEBR O 5RESIEFig. 51278 L 7o Airt it & B Y ¢, AR
L, B2 @ T AELEc L b s s
bo ZOIH B, NEEFILHEREZ Wi, 20 E ik
PO EII—ELEZ LN TVWEDOT, JLifEETg
J O b 187 75 5 AS R K sk & @l 5 i & L3 4
C LI D AT A O B IR A il T A S 12



26 THHDSHI, R OHE BRANEE, LR

1.9 Sv (NifE, 2018) T, #HRMEEED S OFE TR % 1.5
Sve 5 &, duiEEmh RT3 AiEi304 Sve kB,
L2 L, dbilE Ve BI4RR S B 5 2 H O Hf it & O
IR0 SV DT, FEEIZ0.6 SV RN TWAE Z &1
bo Bk L7z& BN, AFUIBUSIIIZ & D AbifFE
OMEE AR E FEEICEML T 2 ERELoN
7oo L7235 C, MET MR E & Mplk % @3 5 s Il
TmHEED DN EE DKL o720, HA
HEACE RS B\ TRAFT OB Veurl T2 X 0 6 Hfr
RSN 57202 5N b,
Watanabe et al, (2006) %, 20004£9~10H (Z H At
BUERCHEM L 72 ADCPOAEAE B 3B & UIKSRFHT 22 5,
PR B O TR BRI S 10 B AR M 2L T
WA, BEEEOILTIEZ OEI5FI 0 BER 82
A3k & MIER IR BRI L 22 B S A L, i 2sH
252 L EEHE L T\WwWb, Kawamura ef al. (2009) (3, #E
e 70 Y MRV OERGIC LY, LS EOx BT
DL ENDBREBMEET IV THIAL Wb, F72,
Lee et al. (2006) TlIHigE T 7a v F TSI NSL 70
YEHANT oy MR TS, LaL, JinaiEo
L9 WHEERE L A L CIEBRIR 2 @ (LT 2 00 onT
Ehho TRV, SRIZZDEIZOVWTHSNIZT S
VDD EEZ Do

o

Kifgex L ODIIH720, ERIFOEEEBIHE
BEGIHLE L. RBREMOMEL I LORME,
TEHOBRIGESEHB LT E T, $72, Ak A
Y P RTAW2AOEFE IZEH L ET,

51 F3ZEk
TRLERERAM L > 5 —. EREEBINAERE T

1964~2001.

AVISO : Analysis, Validation and Investigation of Satellite
Oceanography. Internet web. Download from: (http://
www.aviso.oceanobs.com/(2009)) (2009.10.15)

Fukamachi Y, Tanaka I, Ohshima KI, Ebuchi N, Mizuta G,
Yoshida H, Takayanagi S, Wakatsuchi M. Volume
Transport of the Soya Warm Current Revealed by
Bottom-Mounted ADCP and Ocean-Radar Measurement.
J. Oceanogr. 2008; 64: 385-392.

Fukamachi Y, Ohshima KI, Ebuchi N, Bando T, Ono K, Sano
M. Volume Transport in the Soya Strait during 2006—
2008. J. Oceanogr. 2010;66: 685-696.

Fukudome K, Yoon JH, Ostrovskii A, Takikawa T, Han IS.
Seasonal Volume Transport Variation in the Tsushima
Warm Current through the Tsushima Straits from 10
Years of ADCP Observations. J. Oceanogr. 2010; 66:
539-551.

ACTw M. 10 BT, 0 REHEERTSE 2 — b 1984; 22: 67-
82.

Hase H, Yoon JH, Koterayama W. The current structure of the
Tsushima Warm Current along the Japanese coast. J.
Oceanogr. 1999; 55: 217-235.

BEE. HAUES B0 5 AFMHRKIRO6~84FE A 7 — )b
JEHY. g & 72 1999; 74: 156-164.

Ito M. Seasonal and interannual variations of the Tsushima
Warm Current paths in the southwestern part of the
Japan Sea. Ph. D. Thesis, Nagoya Univ, Nagoya.2014.

Ito T, Togawa O, Ohnishi M, Isoda Y, Nakayama T, Shima S,
Kuroda H, Iwahashi M, Sato C. Variation of velocity and
volume transport of the Tsugaru Warm Current in the
winter of 1999-2000. Geophys. Res. Lett. 2003; 30: 1678.

J-OFURO: Japanese Ocean Flux datasets with Use of remote
sensing Observations. Internet web. Download from:
(http://dtsv.scc.u-tokai.acjp(2010))(2010.10.29)

Kawabe M. Branching of the Tsushima Current in the Japan
Sea, Part I. Data analysl s. J. Oceanogr. 1982 a; 38:
95-107.

Kawabe M. Branching of the Tsushima Current in the Japan
Sea, Part II. Numerical experiment. J. Oceanogr. 1982 b;
38: 95-107.

Kawamura H, Ito T, Hirose T, Takikawa T, Yoon JH. Modeling
of the branches of the Tsushima Qarm Current in the
eastern Japan Sea. J. Oceanogr. 2009; 65: 439-454.

Lee MC, Thomas LN, Yoshikawa Y. Intermediate Water
Formation at the Japan/East Sea Subpolar Front.
Oceanography 2006; 19: 110-121.

BANREZ. WSS & 2R MmEIY OHEE. IBE
WEEERFE 2001; 39: 27-37

Morimoto A, Yanagi T. Variability of Sea Surface Circulation
in the Japan Sea. J. Oceanogr. 2001; 57: 1-13.

23, A, JLMEE T 512 81T 5 S BRI
T OB & OEAEZAL. ALl 37K e SRR
FeT 2002; 63: 1-8.

PEEHIS A, BEO — B, HH O, ik F —, mfEES, 15
N BRI 2 HaR T B i DR - AL, WD
WFFE 2003; 12: 487-499.

Shin HR, Lee JH, Kim CH, Yoon JH, Hirose N, Takikawa T,

Cho K. Long-term variation in volume transport of the



Tsushima warm current estimated from ADCP current
measurement and Sea level differences in the Korea/
Tsushima Strait. J. Marine. Systems 2022; 232: 1154-
1168.

Takikawa T, Yoon JH and Cho KD. The Tsushima Warm
Current through Tsushima Straits estimated from ferry-
boat ADCP data. J. Phys. Oceanogr. 2005; 35: 1154-
1168.

Toba Y, Tomizawa K, Kurasawa K, Hanawa K. Seasonal and
Year-to-Year Variability of the Tsushima-Tsugaru Warm

Current system with its Possible Cause. La mer 1982; 20:

HAAL AT 330 ) 5 REKCFIRR O MEMEE - 27

41-51.

WilEFEEk. 7 =) —ADCPT — ¥ |23 & 15 il it &)y
WEE DTS 50 JUNRSE, &R, 2018
Watanabe T, Katoh O, Yamada H. Structure of the Tsushima
warm current in the northeastern Japan Sea. J. Oceanogr:

2006; 62: 527-551.

Yabe I, Kawaguchi K, Wagawa T, Fujio S. Anatomical study
of the Tsushima Warm Current system: Determination of
Principal Pathways and its Variation. Prog. Oceanogr:
2021; 194: 1-13.



