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Fig. 1. Bottom topography around the Hidaka Bay

and the Tsugaru Strait, together with a schematic
flow pattern suggested by Rosa ez al. (2007). TW:
Tsugaru Warm Current Water. OW: Oyashio Wa-
ter.
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Fig. 2. Observational results around the Tsugaru Gyre. (a) : Depth of 26.18 o, surface. (b) : Mixing ratio on the
26.18 0, surface. (c) : Density and potential vorticity along the section E shown in (a). (d) : Current vectors at
124 m depth. Symbol “Gy” indicates the center of Tsugaru Gyre, and “A” to “D” local bifurcation features of

Tsugaru Gyre. (After Kobayashi ez al. (2004)).

(b)

Fig. 3. Model configurations. (a): Case 1 with the
shelf slope along the northern boundary. (b) : Case
2 without the shelf slope.
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BREERAZO6AZAICHNINT 5, W7 — Rk E DI,
C 25 HET Gyre 3ZALEREERAMTICET 2 £ TR
BT25, DEORTREZDHBOEEFHITRL > T
%, BEMREEEL 07 — 2 (Fig. 4 @ (b)) TldEERC
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Fig. 4. Sea level and sea surface temperature from the day 20 to the day 100 with 20-days interval. (a) : Case 1.

(b) : Case 2. Symbols are same as in Fig. 2.
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Fig. 5. Current vectors at surface (a) and bottom (b),

tom (d) on the day 60.
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40day D Z A, M FICEEL 7 B KRR 2SR _E
N, Gyre oAt BRI LICBALRD 5, 0
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Fig. 6. Vertical sections of water temperature (a)
and east component velocity (b) from the day 20
to the day 100 with 20-days interval along «-line
shown in Fig. 5.
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Fig. 7. Time-space plots of baroclinic velocity com-
ponent (a), barotropic velocity component (b), and
depth of 6°C isotherm (c) along «-line shown in
Fig. 5. Green lines indicate the date of the maxi-
mum eastward barotropic flow.
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Fig. 8. Time-space plots of normalized relative vorticity (C1=0.1) at surface (a) and bottom (b), and depth
(CL=10m) of 6°C isotherm (c) along B-line shown in Fig. 5. Red lines indicate the eastward propagation of
the individual maximum depth of 6 °C isotherm. Green lines in Fig. 7 are also shown.

J& DM F t = 100 day @ Z A £ TP & (B
[H] b i), HEcIE (KREEHE b i) ofEsfR7zh <
Wb, ZOXIBREATESI, MTIicihd 3 EHE 10
H ii# OSSR A ELA B > T %,

Fig. 8 @ (b) 12/ L 72 8 D & DA E D A6 228
T, o E FRRIC T RO EEEL (ay ~ ar) DSEARRICH
N, WTNRBPEFICEHL TV B, KEOHEE SR
T & DA DR ZEA D 5 HIWT L 72 I 75 588 (5
B 013ms™!) 2RM oM TERMAL, SRR
T, BB DR TIEE O & OMARE DML, Fig.
TICBT % afft OB L Rk, £EOBOmRANE
DA & —BHE T, & 51T 6 CEIRARFERE DA /)

ERBEFHE D B L T, EHMERTAHZL I Fig.
8D (c) @6 °CHERBMFE DD HEEH A BN, M/
IRIE DT I VE H ITABIB L TR B X IR R D, ThIC
KL, BAIREBOFEERIZD LAERHICEBEL 0D LD
AR D, D0, 6 CEIRMTEE OMAIRIED A
MZAL D & FIWT U 72 0 7 1T 3% (GRREEE -
006ms ') % Fig. 8@ (¢) icHFplofEcmaaL, Fig 8
D (a) ILHRT, REOMENAOHKZ R RHHIX
6 “CHEIRMARE L 2SR K &2 R IR & 1313 —3L T v %,
O LIFNERBE R AN % £ 5 Y 2 iRy Lo R
BTRTENTHE I LE2RERLTWVS,

D&z, TFIVEEE N Gyre I AT T,



180 AR - BRI - T H

Fig. 8 ® (b) iciAt DT L 72V 5% 2 BEL &
Fig. 8 ® (a) & (c) WCARM DI T L 2 H T EHET 2
BIHLO O 0EELARELZ > THEEL, 0Tnd Gyre D
ARG 2 FERFE LT0wD EnR 5B,

35 EMMELOfFE2EBETIVICEETSRE—FK
BELOSERIR

HifiC/R L 72 E — FEELO S EBBIRIC O W T, i
Gyre 23WEMIRE FIcEA L TOIE L 72 kEZ 2 @ 5L
TIEML TR LN RE DN icdi~ 3%, Fig 7Rl
2B TOVIRNTRER %2 H 12 LT, Gyre 43I AT O $HTE KT
HiEEZ P 2Ee 7 LTt lT %, Fig 9w 2@
TIUVORERDEEE RS, BUEE TV O ERER & Rk
2,y & ACERRERA I 0 SR AT R R B IC IR, x
A EICIE L Lz, WEEESREZNL (Fig. 70 (¢))
2o REREDRE Y 7 —if (Fig. 7o (a)) 2HL
T, LEoACHR S EEMETT V2R EL, o VIH

v
b

L L |

r I

Fig. 9. A two-layer model for the Tsugaru Gyre
characterized as the surface-intensified current in-
truding into the shelf slope area of Hidaka Bay.
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current speeds (A /B) given by (A18).
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Fig. 11.

Schematics of flow structures in horizontal plane and vertical section after the intrusion of the Tsug-

aru Gyre into the shelf slope area. (a): Initial disturbances just after the bifurcation. (b): Continuous distur-

bances during the development of Gyre intrusion.
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Numerical experiment for a westward tail of the
Tsugaru Gyre along the Hidaka shelf slope

Naoto Kobayashi'* Yutaka Isoda? and Keijiro Asahi?

Abstract

A recent hydrographic survey indicated that a local bifurcation of the Tsugaru Gyre,
which appeared over the Hidaka shelf slope in early summer, accompanied a clockwise, small
eddy. To examine the bifurcation’s formation and development processes, we performed a nu-
merical experiment using an f-plane o-coordinate model with idealized shelf topography. Dur-
ing the stage at which the Tsugaru Gyre grew and intruded into the northern shelf slope area,
the lower-layer water column on the slope was continuously contracted to induce a negative
relative vorticity. As a consequence, the nearly barotropic or bottom-trapped motion with
clockwise rotation emanated west of the intrusion area and then propagated westward along
the slope. This motion was associated with two types of low-frequency waves characterized by
surface and bottom intensifications. On the contrary, an anti-clockwise eddy formed east of the
intrusion area and stably fed on the offshore bottom cold water into the coastal area. These
processes suppressed the eastward shift of the Tsugaru Gyre by the mirror effect of the later-
al boundary. Thus, the above-mentioned small eddies were found to dominate the Tsugaru
Gyre, shifting westward along the Hidaka shelf slope.

Key words : Hidaka shelf slope, a westward tail of the Tsugaru Gyre, bifurcation, numerical
experiment
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