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Mechanical role of dense Soya Current Water in the boundary region

between shelf and basin areas off Abashiri

Aya CuBa" and Yutaka Isopa”

Abstract

The mechanical role of dense Soya Current Water (DSCW) responsible for a flow pattern in the boundary region between

shelf and basin areas off Abashiri is investigated using a multi-layer model.
welling of modified DSCW inside the steep slope of basin area.
According to conservation of potential vorticity, a strong positive vorticity is produced by

like as the barotropic adjustment.

Observations in summer show significant down-

This study finds a water column of DSCW trapped on the slope

vortex stretching when DSCW is pushed out from shallower shelf to deeper basin.  This causes the generation and propagation

of shelf waves to occur a coastal jet along the shelf slope.

Key words : Okhotsk Sea, dense Soya Current Water (DSCW), model experiments, shelf waves, coastal jet
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T2 (2021) 1, HAEOLZHEE G ENI L DI
ENTEWREREKEREE L, EFICERNE R L5
K (Soya warm Current Water : SCW) O il JECHE 12 1
A 2Kk % [EWELSBEGK (dense SCW: DSCW)] &
WA, $72, 2 OWFZE TIEBEMIASZ2R &I 5 HEE
D DSCW IZHEH L, ZFDZM40Ah % d e X - Tl
N, S5, BEETOVERIC X B KR EOFH
InTze AHHHOKBEIX 531% DSCW (ki 0=2.5°C, #5457 S
=336, B 0y=26.75), “1LD LEIREED SCW 0=
2.5°C, §=33.6, 060 = 26.75), WIARIRIEIEDHH 7K (Interme-
diate Cold Water : ICW) (0=0°C, 32.0=5=33.6) ® 3 i $f C
Hbo

TFEEITH 2021) 55 1H L 727K AL E O K54 ICW

T, DSCW xfk, SCW %48, Zofhx ) % Fig. 1 D (a)
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FURIcd B CHATIE, WEEHTEATHEME 72 72 D | RIS
FTOCTD BlSA T4 & 7% 1), DSCW %422 5 2 L8
TELHolze MDA (22 TIIRELW) 1 51E, C3
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D C3 HDOHERAMILIZIH > T DSCW A5k L TWwb T &
AHER S A, BREBERALEICR L7z R U I L7228
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125315 C, Fig 2 @ (a) (LM S 7KL E,  (b) (2RI
BEL EIETROY 147, (0 ICETFNVHBEE, d)I12E
TIVEHBOWTH ICE T % K FiE O ZAER %R L7,
FEME > DSCW (2Pl ICW 775 @ 200 m DL I2d % 7%,
W43 DSCW X IR =l D SCW T 7 @ 150 m PLENFE
B, SEEICUEFEL TV 5 (Figs. la & 2a), & DibFEsHT
TlE, 26.75 6y DEHEAR PO FIR) 23FBI0 72 b
7/~ LT\ 5 (Fig. 2b @ E #EHTH). = D X 9 7 B
V2 & KB KBUEL & B BE A3 A 13 TV ER T b LS
1 (Figs. 1b & 2¢), #4800 DSCW JEREIZRE Y, TRV B
FHE EICHR SN BIHEY = v b O (Fig. 2d O Basin
BT 2VRIE S 7z, Lo L, T332 (2021) TIEZ D
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gem (Massachusetts Institute of Technology General Circulation
Model) TH 1), ZDJEE (200 m Ll 10 m [ FE 20 &,
PRI 200~500 m (F 50 m FiJFE 6 J&, < ALLLEE L 100 m ]

) GHBE KA KRR B TR 7
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Fig. 1.  (a) Horizontal distributions of three water types (ICW, DSCW and SCW), which were observed in the summer of 2019, in
the boundary region between shelf and basin areas off Abashiri. Isobaths of 100 m and 200 m depth are shown by black
solid lines.  (b) Similar horizontal distributions of the model reproduced water types on day 30 after the initial state. These
figures are quoted from Figs. 11 and 19 by Chiba et al. (2021, in Japanese).
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Fig. 2. Vertical distributions of (a) three water types (ICW, DSCW and SCW) and (b) potential density along the observation lines of
B (shelf area) and E (basin area) shown in Fig. 1(a). Colored bars in (b) indicate two types of double diffusive convention
(Blue : Diffusive type, Orange : Salt-finger type) and density inversion (Green), which are the evidence of modification of
warm DSCW via mixing with offshore ICW. Vertical distributions of (c) density and (d) alongshore velocity on day 30
along the model lines of “Shelf” and “Basin” shown by green lines in Fig. 1(b). The 26.75 o, isopycnal in (b) and (c) is
indicated by thick pink line to emphasize the boundary between SCW and DSCW.  These figures are quoted from Figs. 12,
15 and 22 by Chiba et al. (2021, in Japanese).
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WG 5 =) & 2 IROMEIREEAREL (0.0025) HFI L & L7ze K
PR IR T-3E13 A 2021) O Ax = 2.6 km, Ay = 3.6 km
MHEHET Ax=Ay=1km & L7=DT, KiEREN O9EHL
RO %D LEBE LT, $HiE - KPR 5.0 %
10°m? st & 1.0X100m?s' 205, ZNEN50X10*m* s’
E20x10m?st & L7ze BT IVHIIEIL Fig. 3(a) 12789 &
I, BEMIASZERR I 2 Mgk ih o # 22 AL % 5 L,
% B HL D FEMNIE, (Shelf) & BV/AELODfE#I (Basin) % & 7))V
O CREE S 72 AT 60 km, £ & 200 km O Bl 22 7K
BETNTH D,

IKEE AT (x = 0 km) DI DS 20 km TROBIER (0<y
<20km) IZBWT, BFROFEAMER & L 7RG A G 2
ETOVERE] L 72 (Fig. 3a DR 7 M) EiZ A (1984)
R IZ 2 (2018) DEAIFH G~ b L 12, A& D y=10km
VBRI Vi & b 2 = AR O AT % 7252 L 720
REBTITMPERLZIZ 52 &% Hiyiz, IR
FED S 25 HIZMT T Vo 7 0 ~ 80cm s F TRIZAIIZHE
& @REIE 0~ 06 Sv), 25 HHEPIEIL V=80 cm s
HMEFEL, 60 H F C—@hmiill 2 fREF L 720 AKEEHIT (x =
200 km) @ B 5% % C 1 Orlanski @ 5352 ¥ 4 1 (Orlanski,
1976), MBOAKFEEAHEFCld non-slip SeF 2 # L 726

T-3EI13 D 2021) DHFEEIBEINERE S EICL T, BF

DX F—=2 7R L EEOHRE 7T 7 7 A )V (ZEl T
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ERAETROMEIERE MBI 5 O T (TFEIZA, 2021),
AARHEO LR AR % TE L2 2720 OEEEK % i
ACIOMAHERES (10 km < y <20 km) DFEED S KR F T
RELT: (Fig. 3a- c DY ¥ 75, ek, #EHE CTHEM
SRR, MR B S LA KAV b G2
JEIZ DSCW) DS ISR L TV b0 ZOETIVELME
V2 & B AN B 5B LW 4341 2% Fig. 3(c) TH 1, &
OBFNZINIREE 2 L 72 AR FEER 7 — A % CTRL & 5%,
CTRL @ DSCW D /17158 % PfE 5 % 72012, DSCW
ZHIRR L 7298 BEWTE 73 A1 25 Fig. 3(d) TH 1), T OERRT —
A% No-DSCW & IF-55, & 512, BT NWVEEKD L HEK
J& A& A CHIBR L7z, ARG AGREIO A OEER 7 — A % No-
STRA &Y, Ziud CTRL ORI S b,
SIS DOFEERE R, BN -5 T8 & e BEM I S 1 (x
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Fig. 3.
areas off Abashiri.
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(a) Plane view of the channel model emphasizing the geometrical change in the boundary region between Shelf and Basin
Inflow entrance with 20 km width (0 <y <20 km) is setat x =0km. A triangular jet with a maximum
value (V) at y = 10 km is forced assuming the typical Soya Warm Current.

The broken line at x = 200 km indicates the

open boundary with the radiation condition. The following model results only show the distributions within green frame

rectangular area.
Sea in summer.

(b) Black thick solid line indicates the vertical profile of density for a typical stratification in the Okhotsk
DSCW originated from mid-depth water in the Japan Sea has a density of 27.2 denoted by pink solid line.

Side views showing vertical distribution of density at the inflow entrance for (c) CTRL case and (d) No-DSCW case.



e

b K K E s FHo72(1),2022

=85 km) & HEFEPID B # (x = 115 km) OFNEWTTH 7347 (Fig.
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HECTHs5HME 60 HH) TH 5o No-DSCW (Zfilod 7 —
ALY BRI O BRI 2 B 2 A X R G
BB OV &) SFH S N7z T oM % i
T B0, K7 — AOWMHEATRMED £5 cm s DFFIE
HIPAIZERY , 0.5 cms’ MIFEOFREMM BN L T b,

1FLUHIZ, CTRL (Fig. 4) D25 HH% A% L, DSCW (Hk
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Fig. 4. Model results of CTRL case.
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REEICED T TORBEALE A D &, FEMIE (S #) 12
DSCW 283 2 Daioo 15 HH i, A B ) O
R s L V2 F R & 7zl (SR ASENCTIRIR) D 5ED A
L, ZFNASDSCW DRI S THBL TWwab Z &8
EBYIRV IR
ZOWFLIRATH I L 72 > — A5 No-DSCW (Fig. 5) T
Do ARk BEEICTIRR LzdiiiEing 20 A H DD %8
FERGT, TE 420 em s B R S EBRICHAD LFH
LoD, 25 HHOWGHEIZ —45ems" 12D % b, 72721
ERTRFIRIICA 5720 60 H HOMGIZ 2 ) §5F -
T 5o ZAUIIERER 72 bl R BR > TGS A ST
ENDLIEEREL TV, DL ) LIEERIREL &
B9 272002, BREEBIEIC B0 2 04 o 858 diE = o
MIZAL didnd p /dz) (p \EFEPE, ¢\ ZWRERE, 2 (ZERIEHE) % 5F
L, FRERIZEQ TR (Stetching) % R ELIEE,
IR 53 (Shrinking) % T (iR TFIR L 720 BFEMIE (S #)
TUIMEE Y 7 SR ARG A A ) ) 2 = 7 < i
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Temporal change in the vertical distributions of density (upper two panels) and alongshore

velocity (lower two panels) from day 5 to day 25 every 5 days and a final day 60 along the model lines of S and B denoted by

green dashed lines in Fig. 3(a).

The 26.75 oy isopycnal, which is an index of DSCW, is enhanced by thick pink line.

Weak

flow below 5 cm s is also enhanced by green solid counters with 0.5 cm s interval. Black arrow shows the bottom

trapped inverse flow below the Soya Warm Current.
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Fig. 5. Same as Fig. 4, but for No-DSCW case. Compared to CNTL case, the bottom trapped inverse flow appeared across the B
section is a characteristic difference. To physically understand this inverse flow, the calculated value of d/di(dp/dz), i.e.,
stretching and shrinking of water column, overlaid on the vertical distribution of density (p).
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Fig. 6. Same as Figs. 4 and 5, but for only alongshore velocity in No-STRA case.
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FrHI (Ertel, 1942) (&, AEMRIZIEOEE, WHEIGE XA
DMEOMAEE EIRT . T4bE, BEEFICHIES L
TR A ETIUE, BOWREE % AT 5 A IGES
TR A TS A 2 & DR S D, ERTREIOD 60 H
H i o R EILEI NS R Y, Zhwz,
WL TR L TWa L BRSNS,

BN 72 L @ No-STRA (Fig. 6) CTHE X N7z il#E80
Y £ v MiE, CTRL (Fig 4) D Z B L T 5,
No-STRA [ ZNEFEISE DA DT, NEEFARBFN AT 5
JBEDMBD 7 — AN HARTHN, D726, B
Rl ESNZRREY =y OB RS, R
W6 &kED 60 HHF TIRIZFA U TH 5,

EEM-BRETIRIC B 5 25 BEDKT - SpEH T

Fig. 7 CIZEEMI-HE 23 FUF2 B % 25 H H OKF5 A
37— AT 720 (a) IZEBOKFERBENZ b v
U, &—5ED £ THBAL L 72ABHREE C/f (b) 134 50 m
DEEFE w, (c) 1d No-DSCW THFE it Ak & 7 -
72VEEE 140 m (Fig. 5 % ZR) OAKFR#E~R Y P LU EH%
AL L 72 ABRHIEE ¢/ (d) QMR DK TN 7 LU, &
Uy, VH HIZKIE) TH oo 72751, LR LRY %
No-STRA D U, & U DF#~ 27 FIVIZIZAKEH 25 L,

WEANRZ MV E LTCERLZ, Fig 8 Tl M- aiE R
38 7% A8 A 2 Wi (Fig. 7b 2B CFR L7z y=10km &
16 km) (2BVT 25 H HOWHMAN Y MV (w-w i) &%
(k& ¥ r 7 OFERY) ORES A% 37— ATHE L7,
¥9, Fig 7037 — A% 5% &, CTRL OEEN
% KF43 A 1L No-STRA IZFEMBL L, No-DSCW A&t &
BRELELSTWEZED DDA, T D No-DSCW D
PR 2 B RE 200 IE, Kajiura (1974) 12 & % B R
WOMILHE (Hr 2l 2 b L ICHT 52 L TE
%o FEMINE L = 60 km ASNEATEHE L =17km &) HK
X BEMIE (L > X)) T, WAINS C >0, REMIZE <0
2 L7 EARR R OSEE FEMEDE (SW1) & L THAETE S
(Fig. 7a D AR EREAN). & ZAHD, L<h & 7% 5 iEai
ANMEA L SWL I, PR IV E 2 ik (dKW2) & B
FEARIE (SW2) NEELE N B S0 X ) HEEL ORET 5,
IREHIRD dKW2 13 0 >0 2 b o 2K EHRENY MV U,
(Fig. 7a D HIKE F RN 12, MEMIRO SW2 1L <0 %
b o 72 140 m DFEENRY MV U (Fig 7c DR E HE
FD ICRBO BN D, B, SW2A5( <0 &7 A5 K I Fig.
5 CHRM L -EONHECH 1), I O M FE-
MBS TP Al &2 BERHE D I2E M L T B (Fig. 7c)o
ZLTSW2IZ X i, BEM-EAESEREICB VT
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Model results on day 25 for 3 cases of CTRL, No-DSCW and No-STRA. Horizontal distributions of (a) surface current

vectors U, with a relative vorticity ratio C /f;, (b) vertical velocity w at 50 m depth, (c) horizontal current vectors U at 140 m
depth with a relative vorticity ratio  /f; and (d) bottom current vectors {/, with an inner product of U, -VH (H is the

depth).

6

‘We consider that the wave scattering from SW1 on the shelf area to dKW2 and SW2 on the basin area occurs at the
boundary area in No-DSCW case (see Fig. Al for each index).
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SW1 ORI 550 22 » AT W5, FW 2,
No-DSCW it i i 4347 (Fig. 8) % & 5 &, NEFEH AL
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AL Do TAUIEEM-EETE T BT, LRI A
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O (Kajiura, 1974) THH S A, 20 &9 7Rk
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Fig. 8. Model results on day 25 for 3 cases of CTRL, No-DSCW and No-STRA.  Vertical distributions of current vectors (arrows) and density
(green lines) across the sections of (a) y = 16 km and (b) y = 10 km, denoted by two dashed lines in Fig. 7(b). The 26.75 o, isopycnal,

which is an index of DSCW, is enhanced by thick pink line.
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(a) Schematic view of step-like shelf topography and the parameters used in Kajiura (1974).
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To represent the typical stratification in the

Okhotsk Sea as the two-layer model, we used D =200 m, D’ = 1,000 m, D, = 100 m and the relative density difference of = (p, — p;)/p2
=3.0 X 10°. (b) Phase velocity c,, which is normalized by the phase velocity of internal gravity wave c,=+/pgDiD2/D , as a function
of the shelf width L, which is normalized by the internal radius deformation c,/f. The indexes indicate ; SW1 : barotropic shelf wave,
SW2 : bottom-trapped shelf wave, sKW2 : internal Kevin wave trapped shallow-water, dKW?2 : internal Kelvin wave trapped deep-

water, SKW1 : barotropic Kelvin wave trapped shallow-water, dKW1 : barotropic Kelvin wave trapped deep-water.

Two vertical

dashed lines in (b) show the external and internal radius deformations (A. =313 km, A; = 17 km), respectively.
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