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ter: JSPW) &L Wi T w3 (5, 1934; Yasui ef al.,
1967), JSPW i&JRIZ4F 0 igHmAIC & b LEH A
WRECHEHL ko foifkoETH Y, SEICHNTA
HEEFEEE (Dissolved Oxygen: DO) A3Eivy (HEKAE
DH) T EDPRED—DOTH D,

T &S REEAK (HAME T JSPW) L REKHA
NEDIMEERO L2 A — "= — =V J{EER
(overturning circulation) &\ 95, F—N—% —= 7
EEROUIFE, BGEHoH L 25, OGCMs (ocean
general circulation models) % F\» 7z BEER IV 22 BFZE 2350
fILTw5, £, Yoshikawa et al. (2021) 1Z¥#EE DF
N - JLAIAH (differential heating/cooling) @ il
FEEp 5, JAATH A GEKIZEICHE S Brine K D
Hive &) CIIIEHFTHE 325/ NA T — v DERTEEBR 1< &
53 2—7, RA7—VoOHMERER (KTt - a7 —
VOXRBIR) TRHETRR D PEFICHF LTI %
5212 LT B, HAHED N BB & i 4 KB
(Cooling-induced Current; Isoda, 1999) & L CHEL 7=
Fang and Isoda (2020) O #fEsEFER% Fig. 1 1ICR7,
MET#R (Polar front) o MO X IEIEIEIZMEST L A3 6
b E Cih (Fig le), iR pH Lotk
A (Fig. la) 10 S IR ECP# (BRE S 7 —ft) OIREE
CH b, PHEESRCHEA (Upwelling), HFH S CUkE
(Downwelling) 2L &% %, ZDEHE, PN
(Fig. 1d) &%z 3 m7zwrhiEE (Fig. 1b) 2#&H3 54—
N— & — = v 7iER D HET 5, Yoshikawa et
al. (2021) 2ZF I3 nIE, WERFICHEZ T 2/ 0
DS 2 N2 NOEEFITIR - TROWIBSA. - PR % K
B, WE7 Ve vk e BREn 2 € — o ELEEE N
LT, WAFMICERT 2 MEERPTER S h 5 & 7
INb,

Talley et al. (2006) 135 2= 0 H A A48 O WEE LA
RaedLic, $HETICBZS N 555 OGN AR

KD EE ZDPFICHOVTLE 2— LT,
W EEBEHT/K (Tsushima Current Water: TCW ) 15 6 i/
W 53 A L, WREE 150 m (VT ICE DR 2 /R 3 7kE T
b, 2D TEBICIZHANEFE/K (Japan Sea Intermedi-
ate Water: JSIW) 2348 i/ & L T IR 41 (Kim and
Chung, 1984; Sudo, 1986), % DEJFiZw > 7IREFD
LEEESKEEZONT WS, 727 L, Kosugi et

al. (2021) 1% JSIW o i 2 20 5[ o 6 0 24 & 1~
2010 FEARIC Ao T SR S 2T L, Z0JER
2 s 7 HOEIE KT L, AP EED 55 EETR
BAORKEEREROEMD U ZBEKEOEIMNCH 5
EERERML T3, JSIW O A, #EEE500 ~ 700 m £
WICREBARSH b, ChPAHETCERT 2EES
F1fEsK (High-Salinity Intermediate Water; HSIW ) T
% (Yoshikawa et al., 1999; Watanabe et al., 2001),
HSIW o5 i3 Ab#EE v F b o N B IC & > T~
ik X iz TCW (FHEA7K) PE&FITHARA S L izK
MErEZOENTWE, ZOHSIWDE 61T T, FE
1500 m AT ICIZ55 v 7208 5 b IS/ H v, HEIEE
3N (Deep Salinity Minimum: Deep-S,,) & MEIZH
T3 (Kim et al., 1996), % OFIEIPEFEEFENR O
HNEA £ 7213 KR O Brine /K EHEHI S T 323,
X ixbhroTwzn,

R[RTF 2009 FE 0 4 BEICR D, HAWH S 0
2,000 m DA O Wl 7> v A TR o B A & Bl E L
7z (Fig. 2a 1% 2009 FFE ZDHlR), Z DERZ G L 72
Pk iE2> (2019) 226531 LC, Fig. 2 (a) IR TR L
7 EALBLER Eo B2 ENTE X % Fig. 2 (b) 1<
R U7z, MET#R (Polar front) DIE§Z & % &, X BHEHR
HEE I EED TCW, 2o FiicEfEo JSIW, 50
N OEE 600 db £ ¥T iz =i o HSIW 2338 54 %,
—75, WRETHR DG I3 3R IE D & HSIW OB (27.33 04
L) IR 2 ST O KRB RBRAGBVPEHEE S
(e6 FIAFIE), ZhuidduiEssin s b ¢ HSIW AT & 1
TWw3 I EOEENZIMTH 5, Fig 313 Fig. 2 (b)
KRR CTHFAL 23>0 % Em, (a) i< TCW T
(Lower-TCW) @ 26.70 64, (b) i JSIW @ 2722 04, (¢)
12 HSIW @ 2733 0, fHTIc B 2 HE—EN 94 X 75
L (REY) LR 2000 db HED I K 7 > > v )L (ff
FEHb 8 3 2 AR & REDTHRR) OKPEDT (TE) Th
5, LEBEOYAXY I LEADLLE, TCW FETIERE

s (RAR) 23 A (B L AR Kb bEiEcd
%% (Fig. 3a), JSIW (A ) % HSIW (B ¥) <z
B OEGIRSEI I & - TILE S A 2 B
wwEE L L Tw 3 (Figs. 3b, ¢). &0 TCW FEoii
H5 (Fig. 3a) 245 &, WERRPIEITL A6 DAL
WA Z i, R o I CIGR L 724, JuiEErs
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EHcEa~Er o arsdELTws, KEO
JSIW @it (Fig. 3b) 1T 1M i DAL o B % 1
REEFIED D ERAEEL (e6 FI) 2V HBLL, el ~ e3HITHRMR
U 7o h R o IReEHE] b D &0, TREIS I3 IER M
TH 5, HEiEo HSIW ofidy (Fig. 3c) itk % &, df
FERPR DO IREFTE] O WA (e6 HI) 23X SIcHiRL, £
& ot R & (33 1] & 0 P ] & AN R 5 & 72
HEAHL  CoOAHICHERI SN S, TD X5, Fang

_— North

Tsugaru

Tsushima
Strait

Fig. 1.

and Isoda (2020) o %fifi 255 € F3 & v 7z R SR
KovEE E i (Fig. 1d) &, B8 S /- HSIW @
AT (Fig. 3¢) IH 2 2 L D3bh 5, HSIW 12 H
KIEA T — N DF —N— & — = v PR O e %
g4 28R 2KkMEEZEZ SN, TOUPARPFIET
HSIW ic&EH L7 HiliTth 3,

Z T, A%l HSIW DR 22510 DR 4E
2t FN % 7201, 2011 £ DU, HA - #EE - w7

Multi-layered numerical model, driven by seasonal change in sea surface heat flux with excess cooling,

developed to investigate the dynamics of a cooling induced current in the Japan Sea, characterized by a 500
m-deep flat bottom topography, which roughly corresponds to the HSIW depth. In fact, the actual bottom
depth is much deeper in the Japan Sea. Annual mean horizontal distributions of (a, b) surface and bottom tem-
perature, and (c, d) surface and bottom current vectors. These figures are quoted from Fig. 4 by Fang and Iso-
da (2020). The meandering surface eastward flow, accompanied with the meridional thermal gradient on the
planetary- /3 plane, could be determined by the heat balance between net heat loss at the sea surface and later-
al heat transport from the southern entrance into the Japan Sea (red circle in (a)). As a result, a zonal over-

turning circulation is formed (Figs. 1c, d).



50 REFT - B

@ 2009

27 Jun. - 5 Aug.
44N

§
22N{ eb
Japan Basin o

41 N

40N

39N/

Pressure (db)

38N/

37N/

36N

A
134E 136E 138E 140E

Fig. 2.

(b)

400

600

Polar
North front South
eb6 * e2 el

200

Salinity
34.075<

——34.07

34.065

(a) CTD stations in June-August 2009 by the Japan Metrological Agency. A contour of 2,000 m indicates

the Japan and Yamato Basins, and the Yamato Rise, located in the eastern Japan Sea. (b) Vertical section of sa-
linity along the meridional green line shown in (a). Contours indicate the isopycnal lines; the densities of 26.70
(Lower-TCW), 27.22 (JSIW), 27.33 (HSIW), and 27.348 0y (Deep-Spmin) are shown by thick green lines. These
figures are quoted from Figs. 6 and 12 by Matsuoka et al. (2019, in Japanese). The remarkable surface mixed
layer with high salinity as HSIW has been found to the north of the polar front (around the symbol €6), and has
been considered as a direct evidence of ventilation off the coast of Hokkaido.

D3PEPEFALICHREOE=4 Y v 7igiEEH
North-East Asian Regional-Global Ocean Observing
System (NEAR-GOOS) OAERI DM 24772,
DIFNTZ2HED 5 &, Kosugi et al. (2021) 735 L 7z 2010
FAD JSIW o 2 2 45 A2 HSIW o3 73 $hE 7' =
TrANMCHEELLEZT0B PRSI NE, LT
%%, HSIW OfEHEICEREAR RN T Y X BB 50,
Z D% Z O F £ 72 i@ I3 ORIE 76 oG %
RBODLIEWTERDP oI, Thbb, HSIW OB
1E DRRAEZABIEIE RS A 0002 ~ 0003 DA — b3V
A =% (HEAMER) 2O TRIES R FVEKOHE
ETHHTIRETH 52, HSIW O REER 2 55021t
=R T B 729012 1E 00001 OENEDREEE D O EmE
@ CTD (Conductivity-Temperature-Depth ) @4y (5

SARESE) O, S LI TEE RS, —HT, HAWE
HEIC BT 2 IELKEE OB EMN A Z(LRR, BY
ICHARD LIE 22T RE W, Z I TABIRTIE, Eal
DERZ M EEE (Apparent Oxygen Utilization: AOU)
&V Vg (POy) 20 5 58 & v % Preformed PO, %
HSIW o2 b 2B & 2 E AR EWLE L —
P—ThdILERET D, Kiwo 2 HiClIMEHTER L
7 — % ORMLHIC O W TEHMT 5, 3HiTIE HSIW ic 8
FREDEDNT Y X &R LI BT, HSIW ORFZ2HZ
LB EENICTHRBTE 2E DT OMIEHE2IRET
%, ZLTHEDEE L TOEME (accuracy) 13Ebh
5500, fIEShiEy (MR ORFZER DI
DL CHEIRT %, 4 i Tid HSIW OB ERMITICE LT,
Preformed PO, & #HIEHE 713 & i JSIW 2> 5 D FRE A
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Fig. 3. Upper panels show density-salinity diagrams for three salinity ranges, ie., (a) Lower-TCW, (b) JSIW,
and (c¢) HSIW ranges, in June-August 2009. (b) is an extension range of rectangle A in (a). (c) is an extension
range of rectangle B in (b). Red, blue, and black lines are classified by three observation areas, as shown in Fig.
2a. Lower panels show the horizontal distributions of acceleration potential on the density surface of (a) 26.70
(Lower-TCW), (b) 2722 (JSIW), and (c) 27330, (HSIW). Red and blue arrows emphasize the westward and
eastward flows, respectively. Symbols from el to e6 indicate the synoptic clockwise eddies or meandering.
These figures are quoted from Figs. 7, 8, 9, 10, and 11 by Matsuoka et al. (2019, in Japanese). Salinity in e6 eddy
was as high as shown in Fig. 2b, so we surmise that it represents the source of the salinity-maximum of HSIW.

MO ELZ T TP Lo bl AfEE 2L Tw 3 (https://ds.data.jma.go.jp/gmd/goos/data/rrtdb/
25, 2010 ERoA —"—F — = JER Z HEH T cross-section/cross-sectionhtml) TR I N T W 3,

%, SHEICEAHREOE LD LERETI, CDE=Y YV IENIE Fig 4 1cRd k5, HAME
OEIHHRICB W T 2 KDOFIR T S Tw5, K
9 MRAEE R CIXTEEE West %2 W %, #E East % E & & R0,

ZhodH s, HARMEREM (A6 north ) 12 & 2 BB
NEAR-GOOS o # Ml & ¥l X 5 R /77 ® Web site Z Wn (JKEALED) & En (FALED), Z D rdE8 south il %



52 REFT - B
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Fig. 4. Bathymetry and NEAR-GOOS (North-East
Asian Regional—Global Ocean Observing System)
monitoring points in the eastern Japan Sea, which
consists of two north-south observation lines. W
and E denote western and eastern lines; the sub-
script [n, s] indicates [north, south] part, respec-
tively. In the following analysis, four colors (gray,
red, blue, green) are used to distinguish data by
four observation lines.
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L 7z, PO, 12 BL-TEC #:® Auto-analyzer III Z f\»C
aftSNnMETH b, WEHREDFEHE X 0004 1 mol
kg' TH % (Kosugi, et al., 2021),

HSIW DU DGy (BXUREE) 7 — 21213 1 db i
5V LIEALT B & O il A/ A XHSEHE T
BHol (A 22H), BRI IRE O KEZIE
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R4 (En « Es - Wn - Ws) 2651 L T&HEHIC Fig.
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FOE T 1 7 7 A VG K7 HSIW TERAEM S 1
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DOFAED IR E v, FEp T icon T, HSIW &
DLW OfkIE L, Kosugi ef al. (2021) 236 L 72
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Db, TOLITHEDIRET BT 7 A VOIARE D 5
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273450, (Fig. 51078 L 7 RE5E4R) o fEE L, %
NEFNOE-EN YA Y275 LK% Fig. 6D (a) & (b)
W L7, 2ORTH 4B OMEE (151 AL,
EAFRCTHOELRDPb2S LI, MHIOKEZ2ZE
ZTCwb, HSIW O IFFEIC R 2GR NT Y *

2L, HAROHBE RGN EZRDO L ENTE LWL
(Fig. 6a), T 27.345 0, D0 & Koo 3R 138 L
{, HSIW L RIfEEDO NI Y X EHZRLTWS X1
A% % (Fig. 6b),

3.2. BHOWEHEEMHERS TRE S 5 HSIW D
Eig1E

Fig. 6 ® T Btic £ L 7z & HI#i P 2° AUTOSAL
(0002) & PORTASAL (0.003) o359y #2 1E @ I 7E 5 &
(precision) T& %, CTD DHIE S ERE (resolution) 1
00001 THb, 2o &bd 1 A—FE, ZITHD
T, LI 27.345 0, D E (Fig. 6b) #EKIEIC K
7 LR fEae & L TAanE, 35 34068 (T fhily
& L 7240002 ~=+0.003 D HEFHAIZEAIZIFINE > T
%, Eiz, BUSHFECHIRREICFECES BT BEL
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Fig. 5. Density-salinity diagrams for each year from 2011 to 2018. Blue, green, gray, and red lines are classified
by four observation lines (En, Es, Wn, and Ws), as shown in Fig. 4. Isopycnal of 27.33 04 corresponds to the sa-

linity-maximum of HSIW.



54 REFT - B

(a) Original salinity

En Es Wn Ws

on the density surface of 27.33 oy (HSIW)

34.069 34.070

34.071 34.072 34.073 34.074

2011
2012

2013
2014
2015
2016

+eves ]

2017
2018

(b) Original salinity

|

|

I
o—to—lesesde L | |

I

|

I

En Es Wn Ws

on the density surface of 27.345 o,

34.065 34.066 34.067 34.069 34.070 34.071
L L L [ [T IR TR I
2011 ! ! - cese-COOEDCEB- ! : !
2012 ! : : '@ @80e@+ !
2013 | ' 9000000 QBB e wse L 1 1 |
2014 o WWNNe ome {
2015 ! ! : GI0ED - € 0080 0@ ]
2016 : ‘ +9—CE2c0—»! !
2017 L - oo I
2018 : : ‘00— 0—0-0—0 00—
. . < > AUTOSAL
Precision { < 333: > PORTASAL

Fig. 6.

Interannual change of “Original salinity” on density surfaces of (a) 27.33 (HSIW), and (b) 27.345 0, de-

pending on the measurement resolution of the CTD sensor (0.0001). Blue, green, gray, and red circles are classi-
fied by four observation lines (En, Es, Wn, and Ws), as shown in Fig. 4. Double arrow ranges of 0.002 and 0.003
denote the salinity precisions of AUTOSAL and PORTASAL, respectively.

W), bbb, BEM27345 0,085 (Fig. 6b) 735
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BW) BHD 22004 — =% —= v JIFROE R
BT 5, 2wz, EE1500m it —nN—%—=
v 7 L URBLSHS B/ S ») IREE L E 2 6N,
TNHHFA D 21345 0, DEEM 2 EAL I TH 5,
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iR & B & IR S (Corrected salinity) & P35,
BHRIE L2 —fEESY Y1 ¥ 279 LK% Fig. 6 LFL
KRR T Fig TR Lz, 8, HorHIET % L%
b Zd 5DC, Fig 7(b) R d k5L, #E
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Fig. 7. Same as Fig. 6 except for “Corrected salinity”: this correction has been made by assuming that salinity
on density surfaces of 27.345 04 was constant at all points and for the entire eight years.
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TolfER, HoMEe LTOIEME (accuracy) 139<h
nzboon, CTD OHRIEMRERE (resolution) THRBLA
A7 HSIW OREN ARG 2 IR T 2 LM TE T,
Fig. 8 134 FH5% (Corrected salinity) % F v TR
L7z 2011 4E & 2018 FDOEE —H 74 ¥ 75 LK% R
L, THEMEOMEIE LY F2B# L 72, Fig 8 (a) 1&
Fig. 5 (Wli1ERT) & [F & —HE5 L > ¥ ¢ HSIW fiHif
ZILKRFER, Fig 8 (b) EEH O TCW L&D JSIW
FHEDEE i1 v Y TERR LT3, Fig 8(b) ©

INE T BT EIE (B0 1 v VIE2Y0010) i Fig. 8
(a) L HSIW 0 b i T\ 328, HSIW O R
Z2fiN 72 22V @AY JSIW DZALEIC F A~ CTRRESRIZ /N S 1
CEDHETEDLTHA S, HSIW L v YDA Y 75
L (Fig. 8a) A2 &, MARTEH B, MFELLH
B 27.345 0 g OB IEE S ED N T v ¥ (Fhik & ALAIRRHT I
Erf) v, ZofER, WEEDHICEVEE
27.3475 04 (GRIEBEAR) AT Deep-S,y, DD/,
T R EE O BW 22D 2 LN TEDL LI
7o 7o, 2018 4F 1% 2011 4F & [hR T, HSIW X b W5
JERT s A ARIEAL U TR BRI 28 & b BARRIC 72 %
& MR, HSIW ofRAHE 7l 1 0003 B2 E IR A L T v
b, TOEIICHIERE T ZHAWSEZ LiIck->T, JSIW @
SHERIE D Z DT I B HSIW OIS E T ICH i
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Fig. 8. Density-salinity diagrams comparing two years of 2011 and 2018 for (a) HSIW, and (b) TCW and JSIW
ranges, using corrected salinity data. Blue, green, gray, and red lines are classified by four observation lines (En,
Es, Wn, and Ws), as shown in Fig. 4. Isopycnal of 27.33 0 corresponds to the salinity-maximum of HSIW; that
of 2734504 is the density, assuming a spatiotemporal constant value of 34.068 for the salinity correction. Final-
ly, that of 27.3475 0 in (a), indicated by a green dashed line, corresponds to salinity-minimum of Deep-Syn.

BEBZ TCOLT2RBTLIENTE,
3.3. #HIEESD TH/- HSIW OEFZEHEZE1E

HSIW o#fiEE 5 (Fig. 7a Off)) % HANE O iR HLIE
M Lo e R R, SEEEARKOAHIT T my
~U, #4FEo HSIW o2& % Fig. 9in L7z, W
M LIS SRS BRI AL, BURIERE AR 7o 0 ICH
27345 0y SFAER S, M DRIIED T & 7 o 7o KA

T, dbiE 40 B LUL o HAYESR: (Japan Basin) {23
MR EE T OIRED £ £, 2fFWicEElLLTws
BP0 &L bh b, 2o TH HATIE T WHE
il E (En) #OFIEE S 2H ICE {, iz HSIW o
TR A ARG BT - Tl b U 725 B B A3 AL s v e e
TEAFELHHRG SN AN TH L L 2T /HET 5, —H,
o BIE T T b 2 MRETAR AR T 1%, 2FmMIcEELL -
Db, FHERIC & 58y FIROEEK (X 72138 K)
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Corrected salinity

on the density surface of 27.33 oy (HSIW) -

0.005 >||
34.0710 34.0735<

< 34.0685

Latitude (deg.N)

Latitude (deg.N)

Longitude (deg.E) Longitude (deg.E)

Fig. 9.

Longitude (deg.E) Longitude (deg.E)

Interannual change of horizontal distributions from 2011 to 2018 for corrected salinity on the density sur-

face of 27.33 04 (HSIW), along W and E lines. A narrow salinity range from 34.0685 to 34.0735 is set to empha-
size the spatiotemporal difference of HSIW. Green dots along W line indicate missing stations, since the salinity

correction could not be performed.

PR CRI SN TWDE LIICARZ D, PRl LD,
E D OB RIARIEARSHBIL, Z o AP IAR
LTWwBHETIZRD bRy, o T, HSIW oGl
HEZA PR SH -7 LTH FEAFATII AL,
Fig. 8 5 bl SNk 51, 2D Li1cdH 2 JSIW D
SEBARIE N OIMEN R E, Thbb, MERROY
BPWREVDDEER D,

Fig. 9 2379 HSIW ARG AV B 0 e P 70 B b 45 A
OREFIREME WHRTIIBITwE, 22T, duifHE
P o HSIW T2 % & &, RS % 5T 2B
RMpiA72ip o7 EfERE L LT, REGOMIEEDY
D EREWTHIX % Fig. 10 1078 L 7z, Ko EfEf I AFER
) 75 25 BT (R IEHE 2 & KR A & FFEHE) ©d %, Mo

BB 40 ) DUbics W, £ED S HSIW O
KR B EE S o RIERAE B S 1 iz 2009 4 (Fig.
2b) LixEA D, 2hr s 2EEO 2011 FELIRIE, &
TORBREAEIZASNT, KED JSIW 28 HSIW % E
HThroBEE2THREPKLE L T 3, Kosugl et
al. (2021) 2346%E L 72 2010 4E R 0 JSIW @ A5 7z K AL
&, KRtFERFO TCW & HSIW o ffic d 3 H R R D
JSIW O Wi B2 R EICHERT 28T 256 b bh 5,
HSIW oo AREE 1, JSIW 20 5 O FhEAR L D 5228
ZRZIFCEE O OOLHFI TV,

34. ERNEMEICSVTREETY L EERER

HSIW DT80 813 e £ JF R A& (Fig. 2b)
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ELTEHEIE Nz 2009 T, BEE 2,000 db & SR HE
LBHER T v v 2 VKP4 (Fig. 3) 56, 4 —
N—%—= v ZEBRIC & 5 PR & At HSIW o % BT A
WICH D ENHEN SN, KEFTH R, FE
2,000 db A% % S & KE L <, E Wi 81 2 #EE
TR O 2010 FERORELIE RN, ZOFER, Fig
10 ICR LS EROMD» 72 LT E#H» 6 bS5
£ 912, ERIFERICES OB DR 2 58 o A
WmEHT->TBD, Zhbick2RErSFEICETE
% A E i & PR & GROAMERR 246 A H 32D Wi IE 234 23
RHRE S NIz, 2T, KPEMICIZAFE CREE 1 EHH
(B 110km A7 —)v) OEEZFE L, & 5T
1% 8 ER DM 2 4T\, REZERIIIC R E BT
RS % R U - ENR O BEE 2 17 5 72, Fig.

Interannual change of vertical distributions from 2011 to 2018 for corrected salinity along E line. Con-
tours indicate the typical isopycnal lines. Densities of 24.0, 25.0, and 26.0 04 in TCW are enhanced by black lines,
270, 271, 272, and 27.3 04 in JSIW by white lines, whereas 27.33, and 27.34 0y in HSIW by green and black lines.
Finally, 27.345 0,4 is assuming a constant salinity by a yellow line. A narrow salinity range from 34.0670 to
34.0720 is set to emphasize very fine salinity-maximum around the density of 27.33 04 (HSIW).

11 28 % ORFZEEPEESTH b, ARNIIETRI 2 HE D DR
2500 db, AHXIXHEDS DO 1500 db I E L 72 fE 5
ThHhb, TD&DRFGEEIC & o THEEIRICPE S it
MR AP A2, BECFBOERE (BURERTR)
DX BIER, I VAR5 b PR & (F OBk
FTR) BEEEIN S, ZoOPEERETE, MR o%E
EAZZ CH BRI O M clEE ch 5, F
BRI 6 W LT, 2010 FEAR1E 2009 4 &3 L E
b, HSIW & & v o & b b {ERELH T 72 JSIW %%
HY 24— N—& — = v FIEBRHE D o 7 W DR R
Ehd, ik, HSIW O EES KA KL S T
TH, TN X 2ESHEME DD, JSIW 2 5 D EREHAE
W& BENE T OANHEETH -7 EEDBFFE LRV,
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Fig. 11. Spatiotemporal averaged distributions of
geostrophic velocity during 8 years, from 2011 to
2018: one is calculated with 2,500 db, the other
with 1,500 db as a reference level. Contours indi-
cate the spatiotemporal averaged isopycnal lines.
HSIW has a maximum salinity around a density of
273304, enhanced by a green line, between densi-
ties of 27.32 and 2734 04. JSIW is always located
above HSIW.

4. E#_E® Preformed PO, DFEFEZELHL S
# 7= HSIW OEE

B S OERIIEAFYE L L CoKRILEN (iR
HOBBOHETE) IWRDBEL TWVWBEH, FIBR Lz & 5,
HSIW DU DS 22t i3 & E o CTD T LR T
=9, Bk s, ZOEME (accuracy) IMRE I 1

v, REITEHEVLY L —Y— (BN HEER)
D—>T&H % Preformed PO, % E it L CEHT L, HIE
F& B (precision) O B XM o HFHN T, LR L 7%
HSIW OFEFEZCOfEP 5 L EZH 5,

41. 2011 FE & 2018 F£ICH T B KiE - DO - PO, DIE
WE 2

Preformed POy OFIEICHW 555 DO & POy /KR
Z 0 Z, 2011 4 & 2018 4E % [h#g U 72 SR E Wi X (E
) % Fig. 121278 Lz, AKIRIZEMER (1°CBL R 5°CHF
DKKE, 1°CEUF I 0.1°CHE DR, 02°CLUF i 0.01°CHFED
) TR L, NS HEAR (APT/Az) i E R
RIKTERRLTBW o —KZHHA L 72 (Fig. 12a),
DO &k PO, 3T ERMIRY, (KREIEETFOIRK
TRL, HEE R 2%HHERE2ENR TS (Figs. 12 b,
c)o

AR, JSPW /K2 ZIERRIZNIC LR L, DO &
T aRERHVTBD (F 21X, Gamo et al., 1986;
Kang et al,, 2003; Gamo, 2011), AfEHrHARTI <3 JSPW
oK EFRE DO T 2R T 22 L TE S, KiliD
b AE R E B I A 5 1, 2011 4E 0 BW R
0.09°CLLF, 2018 4Ei21d 009°CELE & 72 %, HEEE 1,000 db
fEEicd 203°CoOERMICTERT 5 &, 2011 1%
1,000 db B4, 2018 4E12 1% 1,000 db f3E £ ¢k L,
DEETHKBEFELED SN S, L L, JSIW &
HSIW 055 R GEE @ 500 db (I & % 06°C D &R I
A RS A 5T, KiEEFRE S TRE B Hl©
Esv, 7T4HEHO DO KN E (MM AOU A
Ji) (&8 T 6 wmol kg ' (=197 — 203) i, HSIW
DT HEE 27330, (KER) OFBAHTETIEZ D
2f%® 14 pmol kg (=199 — 213) DL F %2R L T
%, PO, D ERESIZ DO OERESICHIELTE D,
BW 3@ PO, #8AIZ1Z & A L& S sv»—7, HSIW
HHED PO, 1349 005 pemol kg OBEMAERL T2,

4.2. Preformed PO, DETE 5% & HHTEL

GHY DR (PR 128V T, WAKFO#EE Oy 5
138 EViHE S, MEERED PO, 28 1 EAMEINS % (Red-
field et al., 1963), 705, AOU LB CBIAIS 17z
PO 2 v niE, TaloBERR 2 5 5 8T (Pre
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(a) Potential Temp.
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e I <dEEE | TEEp
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coaN) 4,1, S48 4 0 o7
1

(deg.N) 43 41 39 37 43 41 39 37
I Oy O I |

(deg.N)43 41 39 37 43 41 39 37
T Y N I

0- | .
JSIw JSIW

500-

Fig. 12.
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T
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Vertical distributions comparing two years of 2011 and 2018 for (a) potential temperature, (b) DO, and

(¢) measured PO, (PO,™) along E line. In (a), Bottom Water (BW) with very weak thermal stratification is em-
phasized by the small vertical gradient of APT/Az <5 X 10® °Cm! (reddish area). Contours in (b) and (c) in-
dicate the typical isopycnal lines, and especially a density of 27.33 04 (HSIW) is enhanced by a thick green line.

formed) ® PO,’ ##ET 2 2 LA TE 2,
PO," = PO, — AOU/138 (1)
Z 7, AOU offiix
AOU = 0,"— 0, (2)
»HEEE N, Oy HIE S N7z DO, O, 137K & #i1E
oy & R TEMAD 53 E S 1 2 AR EE

(RRT, 1999) TH 5, £, $FEMETOEMERF DE
% MwC, PO & AOU DBIfRZ #fiX & L T Fig. 13 (a)

IR L7z, AOU 120~ 170 mol kg™ @ 10* o+ — 47,
PO,™ 12 0~ 21 pmol kg’ @ 10" ~ 10° o 4 — & D &
TELTWw B, DO OMERE (1 wmol kg™) 5/
BUEL T ofizEEcE s, (2) A& AOU X DO &
LA — T 20, AOU OBELHEIEE D 5
—DfLETDINTH B, POMIE M E R (£90004
pmol kg!) OB 3% CIEETE 548, AOU
DINTOEIHE L vz, (1) R bitEshs
PO OEBNTED 345, Thbb, MEUSLIT 2%
L7, PO OfEHEHEIE PO™ OBIERE X 0 b 1S
TT2, LhLuds, ABMICERELLHBIEESTL
PRI TE 2200 - 72 HSIW otii K& % Preformed POy
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Fig. 13. Scattering plots (a) between AOU and measured PO; (PO,™), and (b) between AOU and calculated
“Preformed PO, (PO,%)” which have been created using all data of reference layers. Gradually changing color
from red to blue corresponds to the observation year from 2011 to 2018. Symbols of o and B denote two types
of water-mass, with a positive correlation between AOU and PO4™ in (a). Origin of @ and B with a constant
PO, in (b) corresponds to TCW and HSIW/BW, respectively. Other than those, it is almost JSIW. The wa-
ter-mass depleted PO,™ (or PO,%) when AOU = 0 is Surface Water (SW) in summer.

(PO,") O AREE L LTEBET 2103+ 5EETH
50

4.3. HSIW & BW @D 2 hFr CH X% RY Preformed
PO,

U Fig. 13 (a) 2& % &, AOU & PO,” ofici3®
K (PO, 23578 L 7: B DEREAK : SW TRR) 25 IE
DOMBE, B AOU & PO, oBIfRH»H %5, THIdifEmE
L TR B L 72 (BESEEIN) v
KizE, BEYMONRPEATOEIEERT, ZOK
S BERE L OKMBEIE2 NV —THBESICHZ, T
ICIREENIE, EPOMHIZE KM a, & PO, HIZ K
WR LA T, kg, (1) X% AT Preformed PO,
(PO,)) DfEZFEL, (a) ALK % Fig. 13 (b)
2R L7z, DO MEIC & 5 PO™ IS ASHEIE & iz
PO 285 D & 5 iR L LTk 3Dk 51E, PO,
13 AOU IR L B W EBAEIC %2 5 % Tl 572 W,
(b) 242k, POMEDIEIZERL L 75 2 FHIRAH 2 4 i

(SERPRNARE) 1380 b h, ZHhENAB a DR (ori-
gin a) /K EKBLB DR (origin B) KITHIGT 5,
5 2 DDIEFKDIRFZEE DT %R T 72 HIZ, origin
a 13 AOU > 30 wmol kg ' © PO,’ < 025 wmol kg &
7% BEEE B 7 DRV, origin 813 0.8 ~ 09 1mol
kg o PO #iBE 2 R s 6 F a0k (BT
ANECEBUT 2 H1H % 001 kg o 10 B et d) o
L - EmOnEK X % Fig. 14 R Lz, &8, ERO
BE SNTERYICBEBCIO 72 i % & 2 PO IR NIRRT 5,
FHIHEREEE 2P0 Lo R E Lz, BV
7 838 D origin a DEAENE X, & TCW (Fig.
10220) cXdRIELTWw3, 2hid, AOU=00
TCW TER @ PO, i3Iz IEMhiEkBicH -7 2 &, HA
R A D TCW 12 AOU H3HEM U 7z FEB (&5 v ok ©
HDHEEEWT D, —7H, origin B (RERRDOE
POL) R EFAIAD 2 AFTICHHET 5, &5 EREL
EofHERT, —2I% HSIW 2FE 7 2 % E (Fig
10) &1EIER L 500 ~ 700 db fTicd b, b5 —2 ¥
JEAHE D BW ICHRAfEZE & > T3, HSIW O EICdH
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Fig. 14. Same as Fig. 10 except for preformed PO, (PO,°), with discrete values at each reference layer. In order
to express the distribution of water-mass of “origin 8 ”, they are colored in a narrow range between 080 to
090, at a 0.01 interval. Spatial distribution of the maxima provides the observational evidence of two overturn-
ing circulations via HSIW layer and sea bottom. Locations of the other water-mass “origin «” are painted in
solid pink, which almost correspond to those of TCW (see Fig. 10).

% JSIW 13 TCW %2 &, WMo PO, E T3
FHR D08 umol kg' LT DI ICH 2, T b b,
AOU-PO," ¥ (Fig. 13b) <&, PO,"< 08 pmol kg™ @
ZEAEMNJSIW (TCW @ origin a 2<) TH 53, &
@ JSIW $E TIFED NS VY EBRZEWVWH DD, AOU &
POL At E b Ic B (HZ BB L7 5 REA
(SW)  ofic#IEBms@D 50, Zhid JSIW Ho
PO,’ »H B IR EED FJE PO, L IEFICIRALTWB Tk
EERL T3, ZOXEEET FE 0GR ABREA I
2w Tk, Preformed PO, 2 Wit Ccdh %
Fang et al. (2020) TH M N T3, 72, Kosugi
et al. (2021) 1% JSIW 04EL ZLEFE L B L T W3
M, ENHTELZDD JSIN BELEHFINA T L1

LEZ D,

HSIW & BW icffikféiz & o PO, (Fig. 14) 1%, kb
L7z JSIW Wo PO, i, RN —EM%
fRoTwd, THIFMHTIAR O 8 FHEICE W T, RIEK
& HSIW DUZEDWG K O CRERE 22 KBLEHT 2 5 &L 2 3
X5 BABMAA XY B ol LEERT B, 12
7L, HhEo HSIW i % 3 PO, 1&, WHIEH S DFRREL
{t. (Fig. 10) iz & < LT, MRARERS 2 HER L e dt 5 b E
DREE T LT B, 20 POLMETOMT I3, HSIW
D PO, 2t L 72 AOU-PO,’ BRI % v T (143
Ccait L7, PO A2 H Ffic 4y it ¥ 2 5 1%
HSIW #%H & BW B H D 2 DDA — 13— & — = v 2 fEE
(B&M - Fok, 2020) SEAES 2720 Th 5, 41 i Fig.
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12 THAz X 51c, HSIW AHETik DO (KT & PO, #EM o
ZALEDPRE o e DIicH L, BW AL TIREAHTAYIC
DO K TN ED/NE L PO, O LR INE oty ThIZ
F ==& — = v FIEROERI (RN B v
<, HiEo HSIW K@ BW 12 [E_ T Y o 5358
FETHDHILERBL TV, B, BW&HoA — 31—
Y —= VI REFEZ DD 5 RS, HSIW H O i
HSIW O%EHEICE 2 @i o RBIRSESBHIS 17
2009 FFEHEEZ T3,

5. L EHEHR

AFEIEHAE P EZRBT 24— N—F —= v JF
B oK 222 L E R B 72912, 8 R D NEAR-GOOS
EKo HSIW 105 H U 7t 247 > 72, HSIW (3d6ifE
B O BIERIC & 2 MABESKPRIFTH Y, <
NEFA—nN—2—= v Ik 2HEEEROWREICRIET
b, LIAD, ZoESZALEIF CTD OHIE MG E T
L&, A CIdMiEEn 28R L7, 20
EOEMSFRES NV, 2 TEMY L —3—
& % Preformed PO, (PO,") #1222 &, Zoil
EREFE DHFNIC BT HSIW OREZLOED S L &
WO LDTE,

Fig. 15 T 2011 4 GRaRIR) & 2018 4F (FEER)
DO E#Eics I3 (a) @RS, (b) K, (c)DO, (d)
PO,’ DEE IR 5% L7z, Kosugi et al. (2021)
DR L 72 & 512 2010 4510 JSIW offsfifl, ZHichf
5 HSIW of&f(k b <5 3 (Fig. 15a), 7272L, <
O HSIW OAEHEAVIE AL IE L 2B EE S T 2k
BFEN3ZLICHEBPLETH S, FHEERICETS
JSIW & HSIW o kid, LS5 E R O KRS T i
KIS 228, MBEVTEED BW 72 1 I3 FRERICHkRE L 727K
M A% R9 (Fig 15b % L { ix Fig. 12a), 20 P =7
FER D FAREIZAT ~ 001°C, BW 0EX% 1,000 m 4 —
Y (WIS 72 b o R M 12 10°gm™) & L CmidE
ABE T 2 L 190mW m?(=c MAT/P : ¢ =42
JelCh iy b, CoRIBBED S OHIBREGE
THHE NS (F21F, Park ef al, 2013; Matsuno ef al.,
2015; $711E 2>, 2015), JSIW o> DO fE MR IZ S <,
2011 4 & 2018 E D11 L A Exw (Fig 15¢), Zh

13 JSIW DMBEEH SN TV 5 &0 S ROl & b F
J& L % v, — J7, HSIW 38 @ DO 3 74 [ <
15 pmol kg HAETFLTE Y, Zhix JSIW » 5 O#HE
INECE 7213 HSIW KPR & 5 DO LRE XD D,
WEFENEIC L5 DOETROAAREVIEEZRLTY
%, %8, BW @ DO X F & HSIW i~ % EHA &5 2
/& L, HSIW -BW [ 0 B 5 i B 23 81 T8 7 19
ICH > TV A ARBEIREING, ok Hic, HA
HERZEE K DK FRIC IR R OB K E
gD DO K NI AEM AN RTEREEIC X 2 =
DB P K E », [FEZ T RIX, Min and Warner
(2005) Iz & 2 HA# D 7 v » # A (chlorofluorocar-
bons) QBB G2 6 b HESN TV D, 5 1F
1930 £V LI, T T DO B 23k L T w»w3ic
hhab b, KEICE TE 2K HEE (renewal
time) 259 50 4E & W 5 JEHICE L EE b 572, Th
FHHERBK ORI E LTV ED, ZRICKS
DO#ti & b b DOWESAZ VI L2 ERET 3, ¥
kbbb, HRBOEA, WEBERRMUTOHESZlIE

oo L, JKim EA L DOAR T2 6 RiFREKEROH
MY 22 ERREEEEZ 5N D,

K% <12 HSIW & i1 & BW SR D 2 0 DA — v —
Y — = v ZERORMZ L E Rl cE 25 4L
Yt b L —3 — & LT Preformed PO, (PO,’) #42%
Lz, BEHEFIN2 JSIW WO PO, AR <,
2011 4E & 2018 4ED#IIF LA L AN (Fig 15d).,
NI HRREHE S ORFE R RG2S JSIW ICEEHR N
20 EI3EA D, JSIW Ho PO 134478 L 7-£J8 PO, (&
i) L oM CciEHBZIREAREICH 2 2 L2 T (Fig
13), &8, JSIWICB W CEEEIZLEPO,  CTH 2 C
EDEMENEERIIAERE Y ERLETH D, 2L T
HSIW AH3E® PO, & #IEHE4 12 & Hic, JSIW 225 D)
EIRH DA 2T TR LoD b il RiEE 2 #ERr L C
Wiz (Figs. 15a, d), FALWTH OMEE SR 2 5 12,
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Fig. 15. Four summary diagrams comparing two years of 2011 (red) and 2018 (blue) using E -line data, (a) den-
sity-corrected salinity, (b) density-potential temperature, (c) density-DO, and (d) density-PO,". Isopycnal of
2733 04 indicated by a green solid line corresponds to salinity-maximum of HSIW. Lower salinity of JSIW ex-
ists in the density range less than 27.30 0, and is indicated by a green dotted line. In (b), an enlarged display
near Bottom Water (BW) has been added. In (c), the location with high (low) DO of JSIW is along the northern

(southern) side stations.
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sponds to the data obtained by removing electrical noise existing in raw data using the median filter. Regard-
ing 2011 data, case of En has a relative smaller noise, while case of Wn has a larger amplitude.
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Fig. A2. Same as Fig. 10, except for “Original salinity”.
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Interannual variation in the 2010s for overturning
circulation through the middle-layer with
a salinity-maximum 1n the Japan Sea

Junki Ueda'* and Yutaka Isoda®

Abstract

The eastward surface flow in the interior region of the Japan Sea, known as Tsushima Warm Cur-
rent (TWC), which is accompanied by a meridional temperature gradient on a planetary (-plane,
could be determined by the heat balance between net heat loss at the sea surface and lateral heat
transport from the southern entrance. Such surface flow, which satisfies the thermal wind balance,
induces upwelling and downwelling at the western and eastern boundaries, respectively; as a next
step, an overturning circulation through the middle or bottom layers is formed. The High Salinity
Intermediate Water (HSIW), near water depths of 500-700 m, is located in the very fine salini-
ty-maximum layer, which is present below the Japan Sea Intermediate Water (JSIW), that rapidly
freshened in the 2010s. More in detail, HSIW arises from inflowing high salinity from TWC off the
coast of Hokkaido, thus corresponding to downwelling along the eastern boundary by overturning.
The remarkable surface mixed layer with high salinity as HSIW has been observed during summer
2009, and was considered as a direct evidence of ventilation. However, the freshening JSIW always
capped HSIW in the 2010s. We propose that preformed PO, (PO,") is one of the most useful biogeo-
chemical tracers for tracking temporal changes in HSIW. Furthermore, JSIW would be ventilated
every winter, since PO40 in JSIW indicates active mixing with surface PO40 depletion. On the other
hand, PO,’ in HSIW decreased under the influence of vertical diffusion from JSIW, even maintaining
a maximum structure. Presumably, major events of HSIW ventilation are sporadic, thus they would
be separated by several years.

Key words: Japan Sea, overturning circulation, High Salinity Intermediate Water (HSIW),
Preformed PO,
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