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I. FUBIC

Fig. 1 (a) (3JbieE (Hokkaido) & ¥V v B (Sakha-
lin) OMICALIET % 7 (Soya Strait) L OWEE
HWIEKCd b, WD FEH A K — > 7 i (Okhotsk
Sea), PEMIAYHAME (Japan Sea) TH %, [FH¥FHTIZE
T, NTERIC & 2HE S E Rz (Sea Surface Height
Anomaly : SSHA ) &t o @5 5 (Y 1E 5, 2019) A
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Fig. 1. (a) Bottom topography around the Soya Strait together with a location of CTD station JS (red circle)

in the Japan Sea. The enclosed area by green solid line in the Okhotsk Sea is our study area, including the
boundary region between the shelf and basin areas. Horizontal distributions for (b) the month of maximum

Sea Surface Height Anomaly, (SSHA) based on 19-

year average data and (c¢) their values, which are quoted

from Fig. 10 by Horio ef al. (2019, in Japanese). Flow paths of the Soya warm Current (SC) and the East
Sakhalin Current (ESC) are schematically shown by green and orange arrows in (c), respectively.

5, SSHA %3tk & 75 2 A U % DR KAE D K53 411X
ZBIHLT, Fig. 1o (b) & (¢) Rl TNHDH
XD 5, HEH KBS 2 7B (Soya Cur-
rent:SC L U3, DUFOZIKE%E Table. 1 IR d) L4
FICHBT 2HY U ViR (East Sakhalin Current :
ESC LW&9) DZREi 72 HIBLO K F 2> 70 22 [FIRE I HYRE R
SNd, dh— 7MFHOI N v EHTTH 5 IEE
Bl L OMRAKAZIE 12 ~1 Alcd b, ZoAkdRz 4+
RT3 5028 ESC ((¢) DfkfakHl) Th %, ESC
FAFOPEFHIEIC & b Bk S 7 JRER R & B 2
5N TED (Tsujino ef al., 2008), ZHE B (THEHEFHR)
Ik B A TR & HUBE B (BEIIRIE ) 12 & 230
FEMFRo2EEOM Mt e &% (Ohshima ef
al., 2002), %7z, ESC »E 5K (ESC Water : ESCW
EWES) &, T A= VoMK E EREFE L Tw 2

Te DASIRSE K TR 5 5, FAlERE ST HA

Table 1. Currents and Water Masses off Abashiri.

Name of Currents and Water Masses Acronym

Soya Current SC
East Sakhalin Current ESC
Soya Current Water SCW
East Sakhalin Current Water ESCW
Danse Soya Current Water DSCw
Okhotsk Sea Intermediate Water OSIW
Intermediate Cold Water ICW

W DR A AKALIE 9~ 10 Bz b, ESC D sk &
DH3I~4HHETLTS, ZolikkELATFICHS
BREHEETNE, AR —Y 2ENRAT 2HDSC
((c) oREtEHD) FiEE 2L EL, Y V5
PET R CRERFRI D 1T K E CIER L 7285, 0l (BN v
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B 205 FERWBREATAT 2 2 E3bh b, SC DEH)
NEHRMFE AR =Y 7 OB OKMNEEEZEZ 5N T
%708, b U7z ESC O Ficflo Tk — 7l K
s BRI 2720, £F0 SC oA —kic 58 %
ZIRHEBELTw s (F A1, FH, 1975 WiliE 2,
1999 ; Ebuchi et al., 2006 ; Fukamachi et al., 2008),

KD FATHTE T d 2 HIES (2018) Tk, HFIC
FEhi L 7z SC & 25 Ry g el & H B %
FHE L BEE 7 VHERY» 5, HAEH 100 m UEDF
JE &R E Um0 BV AKBEAS Y ) v BT T
U, FOMREEET LRI L, 51T,
COEWAKBLIE SC Iz S A (SC Water:SCW L g 3)
OIMABIERECXEY E 2 0, WEIICEEH L 7289557 SC
O EHEF AT K (Cold Water Belt: CWB & 1
1) ZRTHZEBHAE IR -T2, KiwTix SCiHé
&I B S 2, B E IR %I BV oK &
FE\> SCW (dense SCW :DSCW & lg3) ;) LR &%
RET %, F& 4 2DSCW & M 5 /K #1 1%, Itoh et
al. (2003) TERINT-FE 2675 0 Lo EE DK E
HUTdhb, @EDOHSE (H 21X, Takizawa, 1982) T
W SCAHEMT 2EF XD bATORE (FBFE 5) KX
Y 72 K BR & CHIIBE X 72 72 @ SC RiTEX /K (Forerunner of
SCW:FSCW & % 3 ) & Wi 1 € » 7z, Kuma et
al. (2014) ZEZIcHEMEL 72, CWB % Pete SC il o
BN B VT, KRED I AR CREECAT
#k) %Nz 72 KERAEAT & 17, DSCW (% 5 1% FSCW &
SUR) FRIRHH O HAG R ERIETH 5 2 L 2R L T
V5, HEIES (2020) 1, RO E Pede HAHHE &
F AR =y 7o TS BfREH~R, k¥ (2~4H)
o T A HIHA O HASHEA 150 m DR O #EAKIE, A h—
Y 7 #ECI1E DSCW (1% 5 & FSCW & idilt) L EHS N5
BEWABOA XN THE I EE2RN L, Thbb, TD
RefA, HARWED 54 F— 7#AJiA T % SC i& DSCW
ELTEROWERERZERL w2 EfEHlEn D, ko
T, BdoAAREHEZFEOKRE 1, HAEDOXZYE
HEHNIC L 2FECIRABKDPEFEF CERAL LD LE
AbNb, TOXHIZ, DSCW IZLZOHHICEH T %
KRTHB L6, KmTldhEkcidizl, HAME
AFRAEKEESZ LT 5,

TDkSIT, BEABEFICHRAKE LTBHAIN S

KiE, HEIAE2MELL THEAK (T bbb,
FSCW) LR L AEYIEE R, BEA2RT TEL
(Dense) ) ZHEUHGEE L7o/KBMIAICAEET 200 R
W EHWTL 72, Zhid Alfultis and Martin (1987) % Fu-
kamachi et al. (2004) 234FDJbERA + — > 7 igEEM F
TS N7 TREE 7 E /K3 % Dense Shelf Water
(DSW LHET) EMEAZZ E#BEICLTWDS, Tib
%, HE\» (Dense) & &4fHF 5072 DSCW & DSW oifj
KB, & bicAF—r 7 EK (Okhotsk Sea Inter-
mediate Water : OSIW & g 3) O #2i & 7 %, Itoh ef
al. (2003) 1EHEPEBLIIE L O SRS 72 BT 5 5, OSIW
DA E TR EHN, Ll L7z DSW & FSCW (AT
2 DSCW), 2 L AL PR & U 72 PaEl i 2K
(Western Sub-Arctic Water : WSAW L 53) @ OSIW
EHRICEHS T 2BAREMAL 72, 20K, DSW 23
067 Sv, WSAW 72%0.67 Sv, FSCW (DSCW) #°0.08 Sv
¢ B 5 1, Ohshima et al. (2017) < & FSCW
(DSCW) @OEA 018 Sv IEIESN T WD, TDXHIL,
OSIW JEH(z x4 5 FSCW (DSCW) 0% 51, DSW £
WSAW OFLICHARTNIWEEZ SN TV S,

SC F At E A N i S s RERIRTH
%73, Fig. 1 (a) ORHETE TR L7284 (Abashiri)
i T IX, Z OB (Shelf) 255&Y)h, 229K, WRwilgd
(Basin) i2ZftLCw3, LT, DSCW @ OSIW ~®
ZEERR F 7 R EEABSE, Bl EEET L%
WENTELZ LIS N TS, L2 LEDS, kil
L 7z Ttoh et al. (2003) > Ohshima et al. (2017) DRFFEEL
Fix, BEEM Eic®B 1 5 FSCW (DSCW) o &g 75 43
i EHERRD 5 O EEZ D LICLTBY, HEOEH
BREZIA 72D DT, ZOFKIZESE O HFEBLH
BHR 2 TELRVINEL T, BRANDOT —& DIFHEIC
PIpd, ZORER, HOZEMET- T EELE N L e E
TR CE RS/ DdTH D, 1272L, TDED
7R O BRIEZ AT - 12356, FBIES D & #EH]
MO TE TS, PSR S AR 3 7K 5
BEHEICREELESZW I E2RH D, KMICEET 236
BIEE IR TH B, Tz, Itoh et al. (2003) Tl
SEEE ORI & 5T, Z OBk R E
ATWBH, NAT — o2 E S5 SC 8T i3
HIPHEEREICE £ > T 5, Frig, MEMEER TS



18 THE - R - BEE - R

& SCW & Z o eI & 2 AR O s K
(Intermediate Cold Water : ICW & B§3) 235308 L CH
BT 570 (Rigckib), B 7aHRE TN T4 DK
D EE HATEI L L g5 & T8 lo DSCW § 2%+
HIhTLE I,

AW Tl DSCW 25 OSIW NEEH T 5 EEZ 6N
T Bl AE I o B4 85 S & BT 280 S (Rt
N Study area) £ L, TE3RH TEd DSCW, D
DM ERTRT 52 EEAAT, £7, 28Tl Itoh
et al. (2003) % Ohshima er al. (2017) & [FkiC, WED
TFPEBLE R 2 BT T 2 28, MGl 7 B2 T B R 130k
\F, ZffiY7 DSCW o Hi3i & flh o k8 (ESCW - ICW -
SCW) & oihPRAYBEfR 2 HER L TH <, 3HiTIE, 2
DIEFTHER % & &I Y] 2 B SELE 2 MET L, 2019 4
BRICEBLIMMIC K2 ATy T ay MEHID S,
B85 Tk 8 1 5 DSCW izt & 2 BHERE 0 FF
2B 22T B, 4 i TIEARELRIRE O KR 5 % 1

BIAAEBEE T VEREZITY, EFCBHIsN S
DSCW #sHiER/K (FSCW) 0% clidZe {, FZFHioH
KL FREEAREEFE L 72K TH 2 L E2EEHT
%, SHITIEANEDOE LD L SBROFEEIRTT 5,

2. WEHOEM-BRARFRIXICE TS5 DSCW
HIROFHEAL

2.1. BIREMRUHERGE

ARG TN U 7 e BURE R OKIE, ERESD) 13,
H A&7 57 — % & > % —(Japan Oceanographic Data
Center : JODC) @ Web ¥4 + (http://www.jodc.gojp/
jodeweb/index_jhtml) 7225 AF U 7z, MENTEIPH X Fig.
1 (a) ORI CREE 143°E ~ 145°30°E, Atif& 44°50°'N
~ 45°N) DETZ#IFE, M7 IX 1937 4~ 2015 4F
T8EMITH 2, BHROTLA IR (B, kLo

only 7 data

Shelf Basin

45 &

=W b U O

e TS data

Shelf Basin

Fig. 2. Positions of all of the quality-controll stations for all the four seasons from 1937 to 2015 by the Japan
Oceanographic Data Center (JODC) for only temperature data (only 7-data; green dots) and for temperature
and salinity data (7S data; black dots). As the speed of SC is almost uniform in the alongshore direction, we
consider the seasonal TS data for the cross-shore section of SC within the boxes alternating light pink and light
blue for those with same distance from the coast. Using such 7S data, two cross-sectional views of lines “Shelf”
with 11 grids and “Basin” with 13 grids were made in Figs. 6 and 7.
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EREEARTEREE) oS T — 2 3HIBR L7, K
MR AE D A SR S T 7 AN X 289,524, KR &3
DHERHCE TR I N T O BIHIEUL 65401 TH -7z, ZF
HiX3x, ¥k TH22-3-4H (FMA LBES) @ 3
HHEREICLT, ZORI3HIHDI1-12-1H (ND]
LHES) 13 Fig. 1 @ (b) THZz & 912 ESC A3E B 7 1H3
(ESCH#i) Td b, SC» SR (SCW ) 1HTF 0
5:6-7H (MJJEgd) £&FD8-9-10H (ASO &
BE ) 1237, 2D & SITHEAIICTD T 72 & F DB
MAAEA Fig. 2 Th b, K5 (TS data) ERO SR
R BEAA, KiED A (only T data) Bk B8k IZHE
MHITRR LTz, #KITH 2 FMA O 7 — & 3 iGIc
Bip L, DAERIOEFEE R, AKRED (TS data) &
FIOBSKIRIEZRT v v VAKIROANEHL, R,
EELRT Y VEE ok L, £72, B K
AR (Fig. 5) 2T 288, 7— 8% TC

L ZHMICKIED A (Only T data) ERZIZ 254,
TS data D7k 2544 IS BIE /KR £ ] 72,

BEM b (Shelf) &7 (Basin) o 7 W 4 45 X1
(Figs. 6+ 7) 2FR T 2B1E, KP ORI ICEE
L7cH EROTEBEMERR L ZME 2Lz,
b, FEGNOBEMAEICIH - 2RO T—4 % Eh
SEFHED T — 2 L LTHKk->TED, ZORE, Fitk
FHuEEEM - (Shelf) 28 11 #F, ##7: N (Basin) #%13
BT L5,

22. 0SFAYVT T LERVEKRIREKFES T

AT (78 4ERH) 12 B B KIS ER (TS da-
ta) v T, F4HIcFH X5 (NDJ, FMA, MJJ,
ASO) L7 0SBtR%E 0S4 ¥ 25 4k LT Fig. 3 (a)
R LTz 2OOSTAY T I 413 TIRUDIT, THAL
7z 4 > DK (DSCW, SCW, ESCW, ICW) d4r¥ic

33

Salinity

P.Temp. (°C)
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Fig. 3.

,
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(a) Potential temperature-Salinity (0S) scatter diagrams based on 7S data for each season (ND],

FMA, M]JJ, and ASO) . The definition of the four water types was considered as follows : DSCW (pink frames)
with 6 = 25°C, S = 336, and 0,= 26.75; SCW (orange frames) with S = 336 and 0,= 26.75, ESCW (green
frames) with 0 = 5°C and S = 32.0; and ICW (light blue frames) with 6 = 0°C and 320 = S = 336. Con-
tour lines of density are also shown. (b) Potential Temperature-Depth scatter diagrams based on 7S data for
each season. Colored circles indicate the classified four water types. In both figures, the white upward-arrow
indicates 05 value of the intermediate meso-thermal water.
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vz, £3, ERICBPHE T SCRAKICIE, D
336 DL ETRBUS T 545 SCW & DSCW o 2 A 6

b (Takizawa, 1982), M # @ % /& 5 & Itoh et
al. (2003) 1ZfEV 2675 00k L7z, 7272 L, ARMBHTHEK D
NI x, DSCW & A UHE9 336 BLE, #EE 2675 00
PUE & 7 2 K 1,000 m fFT 1 OSIW @ gk (K4 o
FAEHEKRERAMOLIA) PEELTED, TOER
P TIRMEDOXNBTE R\, 2T, KENTIX
Fig. 3 (a) TR d & 51, FikiioEEEZEAL T,
KR 0 73 25 °CEL_E% DSCW £ E# LT OSIW & XL
2o T2 b, Fig 3 (a) TIIEOPFEE TR L 72 SCW
12§ =336, 00= 2675 HkaPgEE TR DSCW i
0=25°C, §=336, 0s=2675%7%%, ESCW i Itoh
et al. (2003) DD ERIHE N S =320 & L7z, EF
DOHFE IS Aniva B 5 OH)IKFRA (F1Z1F, Ogu-
ma et al., 2011) 12 & 2/ KBEZE RN T D720, KiiH
0 =5°CL 7 2RI IC# P (f @) 25k 72,
Takizawa (1982) Iz X 2 ICW O EF*IZ 0 =2°C, S=
30 THBH, KEHTOSYA XY I Lzfiviz
5, ZO&IHBINCHEIFOEZ TIE DSCW £ ESCW &
DREKDLLEENTLE S WJHEED H 5 L HWT L 72,
Z 2T, KO ICW TI/KiR 0 CEUF ofe i (F
) TR EERL,
L7,

BEH O LIS DL EDKFEITE VT, 4 DDA
HFOENPIT] T =7 Th Ao, ZOBHHD
REREICENEAM (0SFA XTI LR L7Z4DD
) TERR L LEER, KR O K KESHER %
Fig. 4 @R L7z, BO/AIAIEWTNOKRX D2 5D
Anr-BllEchds, oE, I ALHORSSIZ2E
BRI E L, Fig 3 (a) KR L ZKBOHFHZ 29 L
7295, BEAKGEVWEE (X0 EHE, KO EE Kb
R & v D ER) & R o Bl R % KA (R ICER VK
BER), Z0DANECCLEEZ T KBE LT
(BROKBREMER) & LT, WBIEHITZ GBI C & % KR
200m % EHEIC LT, ZNLUROBEM E & ik & i,
ZNLIEOHEEN 2 KO CMFA L T 5,

BFEDKb D (ASO) ® ESCW (FEALED) 13 AR 1%
FIFHFEERT, XF0ho (ND]) 22, Bl kicH
HLTw3, chig Tatwic) TAMLEES I,

0=0°C, 320=5=336

ESC 2312 A&l e ZE & 72 b, ESCW 2341 v
BB & JbmE M £ TR P L CWwa T EICFEL
R, ZDHO ESCW AR EOHMH F eIt s 1,
HEMEOTIIK E DX BIRTE R L B D, REITHIR
LTwsEtlbhd, EF (ASO) » 64 FDHKD
(ND]) ic® ICW (FALE) 1%, Fheic EIcEFELTw
205, 2056 EAAHMOFECICW Tdh 5, #EKH
(FMA) @ ICW i3 KALHIOH W ICW 23RS £ T
BL, ThiFICW 23&FoRERAK, &L XKD
BIOKZKIZBER L TR S N B K TH B 2 L 2 TREBT 5,
EZoifho (M]]) @ ICW %, %32 SCW &b bHif
BENCIAS AL TR 328, 1FEAEWRIED £ 723
Wz ICW Th 3,

ESCW LM TH 2 4£ZFDiH o (ND]) © Z 3,
DSCW (BEHHD) 31E & A EFEL TRV, ICW 233
FLiy & 72 230K (FMA) © 2 5, BEMl Eo DSCW %
FRIEHEL, 2ok &, SCW BRHEBIIHIHLm->Tw»
52 EDHY, DAETOMSE T DSCW 2% SCW O Hif B 7K
(FSCW) s shizc e pifRsns, 7720, Nid
Coic; TchiliR7 X 52, DSCW ik B & (M]] -
ASO) ICb IAHEPIC AL TE D, KA IZHRBLER
BIEKDERE L CERIBED S WA LT T3 &L
TWw3, ZOHEZED DSCW iZ 200 m L% o B _E Tk
HARICIA <A L Tw %58, #EEIN O DSCW 13 Bl
ICEFEEE T, 200m DUEICAfL T3, Thbb,
HOBEM_FIc & o 72 DSCW 1, Bt a5 s 2 kA
T T D 7L N TR W BRI & 5 & L 23R
Sh b, SCW (M) 12 DSCW 23 tH 31 U 7z 8 oK 1
(FMA) ici b 82355 <, EF (M]] - ASO) i< Kk
NTH 2, ZDIAETITIRFREITEE DR L % 72 13 BEH
REIHICBH 5 2 EH 6, WA Z KU 2 EAME DR
M 9% (Ohshima, 1987), & L < i F M 0 % E K
(Karaki et al., 2018) 0 Ji7 &% b o LTS
TWw3,

2.3. KE-KERBEREKBKFED

Fig. 3 (a) OZEMiRID 0.8 BIfRE K NEFR) —7Ki
0 BAfRICZE 2 7 XA Fig. 3(b) TH b, ZoXTiFfEA
JTAKMEBRIIL T3, Fig 3 (b) TIE/AMDEHE
DAEERRT T EDPHNTH 5, ICW i3#KIH (FMA) @
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Fig. 4. Seasonal change in the horizontal distributions of four water types (from top to bottom-ESCW, ICW,
SCW and, DSCW ), which are distinguished by a circle of the same color as the coloring in 6.5 diagrams of Fig.
3. Relatively large circle marks indicate data closer to the edge of Fig. 3 (a) in colored frames of water types.
Isobaths of 100-m and 200-m depth are shown by black solid lines. Gray region is the basin area deeper than

200-m depth.

3 (10°m) 2> 57K 200 ~ 400 m O THIERL, &
ZpE (MJ] - ASO) ic—1°CELTF o ICW i3 Lo>-o
b, HEMNECKRICFEFEEL TV B I LD 5,
ICW ORI HAEE L, EDOZENCE VTS, TRk
9 % 7K 1,000 m (K@ 25 °CH9) icah-> T EF LT
W3, ZZpiho (ND]) B3 3% ESCW 1, Z0H
% 50m BUROKEICIR N THM LT 5, SCW 1359
5°CEDHEVARMBEIICIAL B LT BH, ZDK
HiZ ESCW & 0 i3A LFEWD O?, 200 m DLk o Hilg
EOKEICES TS, —F, DSCW 12495 °Ch 5
25 Cofiflic fEE L, HBRFO¥KE (FMA) 2L T
H== (MJ] - ASO) 1T B 2 oAiKEE, BIi2400m %
B2 Tw5,

Fig. 3 (b) i K tafit# cm L 727K % E50m - 100 m -
200m - 400 m @ 4 KZEZEIRL, ZZCET—2HD%
WIKIRD A OBHRNSEER (only T data) 12 TZeRE
WEM, BEKROFHNOAKTFIHE %2 ERL 72,
o8, BEBOKELNOm TH 0 EBBGAKEDEZ
007°CLLTTH B 70, 1°CRifE Tz 0 & B KIRD
SAENTIRIE E A EMED R, Fig b 2320 TH 5
23, ERBSALE I L2 L, ALEIRZ NN HE - 72
I CAKIRMEEZFRR L T 5, NI RERITRT L5,
KB T TRARSAOFHMERITER VLD
D, 0°CLLT o ICW & 5°CHit% D SCW % DSCW 231%1%
AR CIRAE L TORGFPERICEL VI EBbh B,
AKEES0m & AKE 100 m O ARRNE B2 & 5 72 FHiZ2L
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Za L, #KE (FMA) i3 ICW o 3 X 3 iRl A

HECcH o, EF (M]]-ASO) DihEICH-> TEIC
SCW t B bh s @&kl ZoMETIZICW 235 LT
W3 EDbh b, ESCW 28HHIET 2 4ZF0ih9 (NDJ)
Tix, 0 ~5°COMNHINPEMICRAELTED, Kikick s
AKOXFNIEEETH 5, #KH (FMA) ORI

HBREADOKE200m TbALN, 174 \ﬁﬁfﬁﬂ‘f‘%{féiﬁ
WS, KEA00m D 0 COUT o RS2 RAEL T
%, Fig. 3(b) T® A & 512, 7K 1,000 m (3112 1%
HIEKDSEEAES B 72, WBEEN O IARE KD M

bR ERBERICH B, S5, KEOFHZEL
HIZ0°C 6 2°COHBLE NI VD DD, WFENDKE
200 m & /K7 400 m DK, #OKE (FMA) 256 57
(MJJ - ASO) IcH» I T EAMEMICH 5 2 Lo 5, 7
B, ASO DK 400m ORIcA L7 A (BE L) - B (8
IR - C (BN o 3 XKoL, Kl
DEEIKEBIR OB ZAICBE T 2 flE i % [ A
Wiz 7z,

|
Esigx% —— CW DSCW
Temp.(°C) <-1 0 1 2 3 4 5<
- D
. NDJ . ASO
_ﬁh. 3 gﬁEJ pea. ;.‘qi o -o S
RA

45 —epeamone RS RS —
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Fig. 5. Seasonal change in the horizontal distributions of water temperature considering only 7-data at the
depths of 50, 100, 200, and 400 m. These are represented by overlapping circles colored in the temperature
range. Isobaths corresponding to 100-m and 200-m depths are shown by black solid lines. Gray region indicates
the basin area deeper than 200-m depth.
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Fig. 6. Seasonal change in the vertical distributions of four water types (ESCW, ICW, SCW, and DSCW) along
the “Shelf” and “Basin” grids shown in Fig. 2. These are represented by overlapping circles colored in each wa-

ter type.
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Fig. 7. Same as the seasonal change of Fig. 6 but for the “mode water system” of four water types judged at
each reference layer. Symbol of cross indicates no data.



dense Soya Current Water ik & 2 R 25

Bicd b, —f, BENICE T2 DSCW oE®—FKEL
TOHBEAIZ, EZ (M]] - ASO) DADH T 3 H AT,
Lod SCW FEDIRAK UNEAL) ZBeA 72 300 m DA
WRET 2, 2D & 57% DSCW O — FARSH OB
Z2At7» 5, DSCW % £ 5 s 134 AE b o BEM - 7 55
g kv eHEIc B W, BEEREEEM0H B T
EMTRRIND,

3. MEAHOEM-BRRFIRICE TS DSCW
DARAEER A

31 BBEFHRET —S0HE

2 fi OB B R O TR R 2 S FIC LT, W
DEEM A RIS IC B 1 2 DSCW OZEEES I Z 5
N5 &5k L 72 CTD (Conductivity Temperature
Depth profiler) £l S 2 BEMIEZK L & &I Fig. 8 1<
T, 235 KOBMA (L) &, A~F cA[T7264
DRI OBMAR TR L 72, B EE A B
DSCW o 2B s nE#N% D-E-Ff, 2L
T QEEFAREIC C M ERE L Tz, BREF S IRD
IRRIGEWENIEZ 1 L, WHmA0@LES L L,
%72, DSCW OZE R UKL ARIC & > CHREL Bbh
TRBRTRR 2 E R 2 2 L2 BB, BEMD 5 40 km B
NOBHSERIZTE 22 HRAEE L T3,

AEANAEE R AHEE G 5 L BhE v, 2019
FEIHAHIRLT 4 (JST)~T7H 10K 3555 (JST) @ 4
HH DB O X F D 75 o Efi il ¢ 525 L 72, CTD #LHl
D i ARIKEEE, 500 db DL o B © 120 R T 67 &
T, 500 db DI & 72 B ¥E AN T IEKES00db £ TE L
Teo 72720, FH—2 ZiFRIEKIIRT RIS % 2
25 EERHEMIC, FAHITHRLE ERoMmE R (ET)
D AKEL000db £ O CTD Bl 2 EME L 7z, F 7,
DSCW it Z2 T3, B CHRHAL HRIBL
FROEKERZ 5 2 LE2HWNI, HARMED S RN
NRA L CTARBLARBISRAZNE S 200, Fig. 1 (a) IK#KAL
HIo JS s (HAMEN OALSTEEST) 128 W Tk 500 db
%o CTD @M% 3£ L 7z, A7+ 1% ADCP (Acoustic
Doppler Current Profiler) (2 & 2 lajid & —€ - &
U A—=4IC & B RBAKIRIE S 2 HifE I |lE L e,

144
Longitude (deg.E)

145

Fig. 8. Bottom topography around the boundary re-
gion between the shelf and basin areas off Abashi-
ri together with the locations of hydrographic ob-
servation stations (closed circles) of CTD during
August 4-7, 2019. These are composed of five ob-
servation lines from A to F.

CTD HI281% Sea-Bird Electronics #:® SBE19plus, filE
FiEM ADCP HI#5 1 RD #1484 (150 kHz), ¥—<€ - %Y
J A =2 3 RS o 312A th %5, CTD L —% -
PV A=y 0L, EMESHMNTH S, FCTD
121 Sea-Bird #:% SBE 43 @315 (Dissolved Oxy-
gen ; LT DO EMET) o —dfEfish Ty, HE
E 7z DOl 1 /2 o g 350 E = AOU (Apparent
Oxygen Utilization ) 1 25 #2 (55T, 1999) U C/KILfE
M w7z, %8, BERMEIC X5 DO HEOKIEET->
TwiwoT, SBE4DHAETH 2 ml ! #fio
(nMkg ! IZHIEL L 72\s) MR 22330 & 75 B

Bk s % & 5ic, A¥EEHTIIEREED SCW - DSCW
LARIREIE D ICW ORITA Uz & Bb i 5 KR
Wi » % 4B L, 1dbBHOE T —2ICB VT,
Bt db TRT T VEE 0] 0oL EITD T BIRNE
MR DSTFAE L C W72, BRI v 72 SBE19plus 12 & 3
CTD ¥ A7 L%, HEAES ETENIC X 2 EEED
HETRI T OBEMIESE U B AR D H 5758, /Kl

LERGEE ORFEROZIC & 2 B OB R4
Lk(wkéhf%b B S N 7 F TR IR E DI

HWRBABEBRZEATCHWIbDEER D, T X,



26 THE - R - BEME - R

A TR R LIRS 2 R B G F 7K
WAEEBETEL TV DL Bbh, REN TI3EUE
T4y — B, BEPFHG7 4V =X T T 4
VB =) % RO 7 BB TE O A1 72 BR B AR I3AT -
TWwiz v, ADCP 7 — % O i VE & AL 13 /R 1E
(2004) fEV>, B E B 149, &E 159 01EH
KBTI AEIL 721%, T NTHEME +2 0 (o3 FEHER 2 1E)
EONNTT =5 %A 2 F =2 L LTHREAEL, A8
A F =R hBETCINERVIELT, BTN
PR R 7 v R RS o, RELHIO ADCP #I# T i
00m BED T =9 BFEA LRI N 57720,
2R E D HE»50m, 100m, 200m @ 3 7K % o ADCP
T =8 DHRE BRI L 72,

3.2. REKOKEREDDKFZ

P—F - B U A =PIk b EHE S Wi R
JE@K sy & BIGKiRE NN > - a3 P T TZ N
Zh, Fig 9@ (a) & (b) IcRR L%, %28, CTD#
MWD 7z b DEAFOMEIFRELNT Y 7 DITHIERL,
it b ol 2 2541 & 0 b KB BTREL E O Mg % 5 2>
L EHWIC, &7 -2 (12 26 9 i 1o
&S (90E) O 7Yy PIVF—2 2 HER L7,

Fig. 9 (a) OREE D D% A 5 L, iEMIL 335 M
FoEfEs, wefls 330 DU oGSy, 2 oHEES
330 ~ 335 (JLBICIIfER) FEAEARLNZ NI LD
5, ZOHEES I A 2 Bi#R (Salinity front)
DS Tw 2, ZofFETHifREZ SCW O éaiEsR &
Al LT, WEEREITZ OME 2SIy, K BER
TR L7z, SCW o aEaiE, B L LTl e
bic, BEEEEEE 20 ~ 30 km ﬁLb:fﬁ[ﬂéﬁ LT EhT
VWb, ZTOMWMEHR RS 2 R BBEHRE LT,
Fig. 9 (b) OEEAKIEDAIC S FR L7228, KIEHIRRE
BHTLL L TwhRWnWI Ebh s, THIZEEN
Buc k 2 FHiEREOFEL RBR I N 5208, B EolEsy
HIAR & 0 & IR R oo B E BERE 25 km (3T 17 “CLF o
Wiz CWB (FERMOER) WEEL TR LI EDH
KD—>TH2%, NILDIZ; THAN L CWB DEEED
FRREEOHRBAFRAE K THL ZLICHDFEYE
T, Bl n/ CWB Ik E Mo SCW NIZhZE L T v
%, BLRZEW S, CWB o B B EicReh, #

45

(@) |

I 34.0<

335
m— {rOnt

33.0
325

i 32.0>

—— 7T T
143 144 145

\ o
NV
(\Q‘\/ <
b / /

Salinity
Cold front 20

*
&l 4
f A 19
0’ /
O‘ !

17>
j CWB
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L ECHEMLTEY, Sl ld, RBUAEF K
AT 2 & 5 RBRETE AL > EHbD B,
£oT, UToKREHOFRS Fig. 5 0itd & Ll7-b D
L Bhs, ZHICHIEE OREHAND 2 SAH L v, &K
BT H K0 m & K100 m 1172 & 5 2 KIS
AL, RN - T 5 °CHM Lok (SCW), Z
DA 0 CBUF O KA (ICW) 2 - L Tw 3
OKBL O a3 2 R) . KPE 50 m THARIC & 51 5 23,
Bt R HE R 20 ~ 30 km OFEFNIC M 50 cm s 2B
A BINEY =y b BRI G o HEE
B) i En, ik (SCW) 28SC iz &k >, FEmER
ORICHE I N TV Z EHHERI NS, 7L, Ba
7K 100 m /K% 200 m 1< 8 1F 5 SC ko s 1%
MNEL o> THED, HEMBESTREND, 7, KE
100 m OFEMI L% &2 L, HEfE 20 ~30cm s OFEHE

MOBTERINTEY, BlkEhd kIHic, ZOKECHE
T % SCW % ICW, % L T DSCW & 777 I Bk
SNTVAEIEDDHI D, KE200m &/KEHE 400 m 13
BN UL R WKETH 505, KEDPEL DI
ONTKIEDS EFLTEY, K[UEAN 2R L FE,
400 m DURIC & 2 HIBKOELEDRBIND, 72, K
B AN (D, E, F/&) oA H (0°CUToD
ICW #£83) 1< SC L [ E O WiHEE % & - 72 REHE b
DI Z BNz, T OWIIZIKTE 200 m T b HAREIC
MRS, KN & 2R EO AN E L, SC 2
AUz &) oG XA 5 s,

34. KEOKFH M & MBEMES

Fig. 11 & Fig. 12 13ARBANC 31T 2 KBLD K55 10 &
SREWT I A0 & A R RICEAHITRR LD DTH



28 THE - R - BEE - R

%, b, RMELNRAKRIAM & L Chalciiil U7
Fig. 4 £ Fig. 6 IcXIGLTED, ZoLE LR GBDT
THAKB (ICW %27, DSCW %8k, SCW 24, % DAl
ZH) ZXHIL 72, AKBLOHMTICIE, B TilbL 7
0S (X7 v v VKIRIED) ¥4 XY 7 I nE2HeTw
%, Fig. 12 oWima AR X, AKX SOEEE Lz 4
D DEfERR, ICW oEiRflEER D 0°C (FEfK), SCW
& DSCW MR o 336 (M), SCW & DSCW
X5y 3 BB 2675 o0 (BEER), DSCW o FEREEA D
KR 25 °C CRBERR) 2ERCORLTWwW5, RIHFITRL 7%
£ 51z, Shelf &5t L 7z BEM FIXBLHFR A - B, Basin &
SO 72 NIZEIRE D - E - F, Z oA 8l C
THb, TN5ld Figs. 6 & 71238 L7 Shelf £ Basin @
SRMBEIN7: E— FAKBIHIK & ks 5, Fig. 122 AT
b ko, REGEICH E CHERIC S 4 2 KBEHKE
EAEZCHELTED, Fig 11 O KTk m
WENDORESZZZT, ZO &) EEOFKH
BERH L7, £ToBMRICE T, hFHI SCW,
AN ICW 2SESE L TR L T0 b5 2 &b 5, K
Wi H L Cw % DSCW IFER E (A - BAR) i
GO ICW O T HICH 2HEL% L, WHEN (D-E-
F#) Ci3irFElo SCW O THIcd 2 H»% v, Z0
£ O efHm, Fig. 4 0EZF (M]] - ASO) oAk#SHT
b A NI, BEMI-EEETIRICH 2 CHETIE, MR
TEDSEHE 72 72 D IHIERITF5 £ T CTD Sl s A~ 15 &
b, BRs5, DSCW 22 52 N TE Lo,
Fig. 12 0 Wi 93 4 5> 5 1%, C3 M D K JE i1 D A
DSCW iZifwiEiREEADSH Y, BZ5L, 2O C3A
DEEAHIZICH > T DSCW D3 fE L T 3 2 L 3HEll s
Nb, 22T, WX C3 /KT DSCW MRSz &
Z PR OB ALEI TR L 72,

35. KT vIVKEERDOHRERE S

A~F OFBHFICB I 2 X7 v v LK O (LUF,
KR EMET) LIS S OSMENTHIN % Fig. 13 & Fig. 14
1278 U7z, MXTlE DSCW %I D PHEe AR &0 D95
RDLE RS 72T, H BFRE D/KIRHIFE & o #HipH 2
BT RN T L 72, KR TlE DSCW & OSIW D55
PR DL L7 25 ~3°Cx Bk, SCW & DSCW
DHEFAED 4 ~5°CE&th, ZDOHEOD 3~ 4°Ck ik

45

_ i
Z
[=1)]
)
= i
N’
) i
=
=
=
= @DSCW
— 44 —

@Others

I I I I | I | | | | | I | I I
143 144 145
Longitude (deg.E)
Fig. 11. Similar horizontal distribution of four water

types of Fig. 4 but for those created using our
cruise data. In one horizontal view, these are rep-
resented by overlapping circles colored in each wa-
ter type. Based on such water mass distribution,
our observation area could be divided into five
sub-areas, whose boundaries were shown by the
dashed lines.

tal L, Thickb, B LERED SRR o
Jg 52 DSCW D 2R3 3 tap tfiliE & L CRB
&b, £72, 0°CULT D ICW 25839 272012, 0°CO
SR 2 HORBR TR L2, ¥ Tk SCW & DSCW,
K DAESEHIEE R T b % 336 DL Lo Esik% 0.1 [EkE
D3t TR L, 336~ 337 % #kta, 337 ~ 338 % fk {4,
338 ~ 339 28t L7z, ZoESDEMIFTIE, SCW
DIETER, 1ZIEF UK oME%E b > DSCW & OSIW @
BEfioRTHEREN S,

PERN I (A - B#R) OB L 55089 %, BEMIRH
Rl s nzESiREE O SCW o 5 F g, KiE
100 db LU CHfe AR A 30 km AFVTIC & 2 3E 0 RIRRIC & D
IR ENTW S, ZOESRIROAMHICIE, B
336 L FTOCULFDICWABHELEL TWw b, KE
100 db BAZEZ A 5 &, 3 TEAT &7z DSCW A pE
A EOEBAEA > T w3, &N (D-E-Fi#f) o
Wi AE I, B DOSTA Y2 I Lo b RBS
OIS MA@ BULL TR S S ULL Tk SRR L SR g
FHELTRY, BllS AR IIE M 2 KBRS %



dense Soya Current Water Dififing & 2B @ 29
Shelf Basin —
0 20 40(km) 0 20 40 60 0 20 40 60 80 0 20 40 60km) 0O 20 40km)
[ L0 0em) LU 0 U km) L 111 Ll
123 4 12345 6 123456 17 1234 5
0 1 2.5°C 0 1 0 I I I |
. ;3 . / .
i e f2.5°C 2
) icw  VET T Kasec
e ICW\ j[;.\
3100 =100 0°C 100 100+ 5, 100~
; e b :
. J 4!
> é) 33.6 .. 2’;}:(; i 33.6°26.75 o,
200 207590 8200~ \ 05 200 2004 ET
a 1 | ~¥/26.756,
— 26.75 6, — 0°C ¥
0 20 40 60(km)
'1 L1 LL 300 300-{ & 300
0 -—L—1 _ _
= ; ~2.5°C" DSCW DSCYWV
) e
< : 400- | 4007
= - 33.6
5100 33.6 ] 2.5°C =
2 . S 25 0C
e |
S 500- 500

200

Fig. 12. Similar vertical distribution of four water types of Fig. 6, but for those created using our cruise data.
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Fig. 13.

Vertical distributions of potential temperature across the five observation lines from A to F. Counter in-

terval are 1.0°C . The presence of DSCW is enhanced by coloring 2.5 °C -5 °C with three colors of pink, green
and orange. The blue line is 0 °C isotherm, which indicates the boundary on the higher temperature side of

ICW.
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ence of DSCW, including SCW, is enhanced by coloring 33.6-33.9 with three colors of pink, green, and orange.
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inversion types.
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Fig. 16.

(a) AOU-Pressure, (b) Density-Pressure and (c¢) AOU-Density diagrams based on all CTD data. (d)

is the same as (c), but for enlarged view of green rectangular area in (c¢). The red and blue thick solid lines
common to each diagram indicate data at JS and E7 stations, which represent the vertical water mass charac-
teristics of the Japan Sea and the Okhotsk Sea, respectively. The data displayed in pink shows the value of the

observation stations where DSCW existed.
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density of 269 o,, presumed to be the origin water of DSCW.
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Fig. 18 Smoothed model geometry around the northern sea area of Hokkaido including the Soya Strait. The
northern and southern boundaries are artificially closed. The dotted line indicates the eastern open boundary
with the radiation condition. At the western boundary shown by the inflow arrows, the constant inflow of SC
with volume transport of 1.0 Sv is forced. Water depth of the Okhotsk Sea (Japan Sea) deeper than 1000-m
(500 m) depth set to be constant of 1,000 m (500 m) . A meridional blue broken line in the Soya Strait, for con-
venience, separates area of the Japan Sea and Okhotsk Sea. As an initial condition, we interpolated the ob-
served TS of E7 (JS) station over the modeled Okhotsk Sea (Japan Sea) area. The following model results on-
ly show the distributions within green frame rectangular area off Abashiri.



36 TIE - gk - B - VR

BRoiifE & U<, HAWHE 28— JS D 6S
BIEZ, 4 R— 702K E7 5o 0S &Ml
% 31 BDEFNVAKFBICEHRE L2, &oT, HEH
TR I ISR D BB 2510 & B EEM R B R o F A
Mz T, HAWHIOBHEE R & 5 & v 2 NEE R 2250 A
MOBBERAEDLIDL LIRS, TOLIBETIVEEI
&b, Ax— 7O EYIIC I DSCW 134 F1E
29, AEEMOREL LbIic, HARBLFRAREK
(DSCW D) 25iE A L TRA/MEBEARAL, EF0
DSCW & LT, Ax—y 7illoBENLE, 2L CEmA
AREAED > TOL RO HRE NS, b L, LY
HHREICB VT, 7 VR SN2 DSCW A3 DSCW o
BHMEO R OKFSRED i &) 2B TE 20T
HnF, HFICEHE S h 2 DSCW i & Z O Hi B K
(FSCW) DR TId /e C L DSEBICIEHE NS, &
£2Z25, a8, DSCW Bnkof@Rz%Ed 5720, HAHE
MOFIHAEIC D A F— 7l E7 Mo 0.5 BLHlfE % 3% E
L, DSCW DfFfE% Yk L 72 587 — 2 (DSCW i L o
Fhrr —R) ML 7,

KTV DG R BEHNZTRATETH 525, FBHEROM
BunHIoRokZES, WIIRA DML R\ »ized, K
DB L IR RIAMERE L % 5, 2hw x, FHERH

5d. 10 d.

15 d.

OFGEE L HIT, WHHARE U 72 KB 25 13 R 1 ik
L, Klig, REMEZOBEEREDF b IZHKIFE L,
FHRI A 7 v 713 CFL &fF 2729 30 B, HfERE 2
HARS 3B AT 0 R R E 23 TE AT IR L 720 40 H %
BRALE L7, REFIVEETHREIEA (2018) & AR
BYIEEMIC XD, BRBAFRAREA (DSCW
K) YD BV CTHA L 2k, SR 5 A
F=Y 7HARAT 2HTOIEREN G, AR, %
O TN ALE 3 2 $84 T o BEM-ER R R B U 3
DSCW oG 0 fHEHIWE LTw 5720, ETILAS
Fi3 Fig. 18 OfEFARN TR L - B 0 A% FR L
726

42. ETIVBRShIKRKFIROERFEL

Fig. 19 &€ 7 VLS iz 3K (Lo 5 lEHIZ, ICW,
SCW, DSCW) oK 2L Tcd b, 20 HH
FTWESHE 20HRIFI0HBIC4OHEETRL 72,
KL FIWT BRI ERHEDT & 7 CER Iy, £V
NS BEfREHWCXAIL, RRBEL (ICW 2 F
1, SCW 2#&, DSCW ##ktr) & L7z, BAKFMIC
U7z 2AKDfkFEMRIE, BEMI L (Shelf #%) &iE#EN (Ba-
sin %) 2 AFE S CTHEWTER (if) 2w 771

20d. 30d. 40 d.

a

45

44

Basin-line

l

(L

143 144 145 143 144 145 143 144

145 143 144 145 143 144

145 143 144 145

Fig. 19. Temporal change in the horizontal distributions of three water types (ICW, SCW and DSCW) from
day 5 to day 40 with coloring corresponding to the same figure in Fig. 4. The vertical cross-sectional distribu-
tions on the two green lines represent the “Shelf” and “Basin” areas. Isobaths of 100-m and 200-m depth are

shown by black solid lines.
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Fig. 20. Temporal change in the vertical distributions of temperature, salinity, density and alongshore velocity
along the “Shelf”’-line from day 5 to day 40. The contour interval and coloring of water mass in the figures
from the top to the third are the same as the figures of Figs. 13-15 for comparison with the observation results.
Counter interval of alongshore velocity is 0.2 m s. The positive values more than 04 m s near the coast indi-
cate a southward SC. The blue arrow shown in the water temperature distribution is the CWB exposed on the

sea surface.
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(b) No-DSCW case (30 d.)
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(a) Enlarged redisplay of density and alongshore velocity on day 30 in “Shelf”-line in Fig. 20 and “Ba-

sin”-line in Fig. 21. This calls DSCW case, while the model without the DSCW is called No-DSCW case. The
latter results on day 30 are also shown in (b) in the same manner as (a).
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Fig. 23. Horizontal distributions of (a) surface current vectors U, and sea level elevation n, (b, ¢) vertical ve-
locity w at the depths of 150 m and 300 m, and (d) bottom current vectors U, and inner product of U, VH (H
is the depth) on day 30 to compare both results of DSCW and No-DSCW cases.
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Fig. Al. Bothof (a) and (b) are the same potential density-Depth scatter diagrams based on TS data for each

season. In (a), the three colors of red, green, and blue distinguish three sea areas of A, B, and C, as shown in
Fig. 5. In (b), the three colors of pink, orange, and light blue distinguish three water types of DSCW, SCW,

and ICW.
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Fig. A2. Potential temperature-Salinity (0S) diagrams created for each of the five sub-areas shown in Fig. 11.
The red and blue thick solid lines common to each diagram indicate 6.S relations at JS and E7 stations, which
represent the vertical water mass characteristics of the Japan Sea and the Okhotsk Sea, respectively.
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Transport and modification processes of
dense Soya Current Water in the boundary region
between shelf and basin areas off Abashiri

Aya Chiba'* Kazuki Horio? Yutaka Isoda'and Naoto Kobayashi®

Abstract

The present study proposes to call “dense Soya Current Water (DSCW)” a heavy water mass (of a
density greater than 26.75 os) that originates from the winter-mixed water of Japan Sea. This
remains at mid-depth in summer and appears in the bottom layer on the offshore side of Soya
warm Current (SC). To confirm the seasonal appearance of DSCW and its geographical relationship
with other water masses, we examined historical hydrographic data in the boundary region
between shelf and basin areas off Abashiri. We paid special attention to avoid dangerous
spatiotemporal averaging operations that create pseudo water masses. During the sea-ice season
that lasts from late winter to spring, SC transfers heavy DSCW to the shelf area rather than light
Soya Current Water (SCW). In the summer that SC is strengthened, SCW is dominantly altered on
the shallower shelf area, while DSCW migrates to the offshore bottom layer. On the other hand,
DSCW in the basin area appears deeper than 300 m during summer. The transport and modification
process of DSCW in this boundary region were investigated by research vessel observation in the
summer of 2019. Hydrographic data showed considerable modification of warm DSCW via mixing
with offshore Intermediate Cold Water (ICW) and significant downwelling of modified DSCW on
the steep slope of basin area. Model experiments proved that DSCW originating from the mid-depth
of the Japan Sea in summer could be expanded into the deep basin area of the Okhotsk Sea in a
short period within a month. We also found that the volumetric transport of such DSCW accounted
for about half of SC inflow transport. These results suggest the physical contribution of DSCW
should be taken into consideration more positively when discussing the dynamic process of the SC
flow field.

Key words: Okhotsk Sea, dense Soya Current Water (DSCW), historical hydrographic data,
research vessel observation, numerical model experiments
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