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Fig. 1.

(a) Horizontal distribution of acceleration potential on the 26.700, isopycnal in October 2009. This fig-

ure is adapted from Fig. 5 in Matsuoka et al. (2019, in Japanese). (b) Potential temperature-salinity (T-S) dia-
gram for the LSIW range (T = 0-6°C, S = 34.0-34.15) in October 2009. The red, green, and blue lines corre-
spond to the three observation areas shown in (a). (c) Same as (b), but for the HSIW range (T = 0- 1°C, S =

34.065-34.075).
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Same as the T-S diagram for the HSIW range in Fig. 1(c) but showing autumn data from 6 years: 2005,

2007, 2008, 2010, 2013, and 2014. Two salinity groups are separated by approximately 0.002, correspond-

ing to the precision of AUTOSAL.
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Fig. 3. Temporal variations in water properties for the LSIW (upper panel) and HSIW (lower panel) ranges
from 1997 to 2022. The years highlighted in red at the top of the diagram indicate when S, water appeared
in the LSIW range. The left panels show salinity variations, while the right panels display potential tempera-
ture variations. Red, green, and blue circles represent observations from the northern, middle, and southern
study areas, respectively, as shown in Fig. 1(a). Water with the maximum salinity in the LSIW range, referred

to as S,,, water, is marked with an “Xx”

. Based on interannual salinity changes, the analysis period is divided

into four phases, labeled I, II, III, and 1V in all diagrams.
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Fig. 4. Same as Fig. 3 but showing temporal variations in potential density (left panel) and the depths (right
panel) at which LSIW and HSIW extreme values are observed.
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LSIW

A Smax

*xNo LSIW
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Fig. 5.

Interannual changes in the horizontal distribution of salinity in the LSIW range from 1997 to 2020.

The four analysis periods (I-IV) are delineated by solid lines. LSIW is marked with a “O”, while S, water is
indicated by a “A”. Small “X” marks denote locations where neither LSIW nor S, water is present. Blue
arrows pointing eastward indicate years ( 1999, 2001, 2003, 2007, 2011, 2013, and 2016 ) when new low-sa-
linity water was observed in the LSIW range. The solid contour line represents the 2000 m isobath.

A E IVERIZ B { Ao, 2 O HBIGT R maTREDUL
OALHFEFE T HIC RS T w3, [ E W T O LSIW
OERSEKHEL (R E O FORHTHMEE) o124 5%
&, TG o B & FE X T LSIW ASFELE L 72 Wl s
(XH) % v oo, 1999 [FEUE 5 BRETHEI S L
RPN ARG KD A Z IR, XFIDOEAKE I - T
w5, [HIo 2001 4, #i< MO 2003 Fl2 B T,
S T ARG K ST = ) 7 o PRI IR L, Eh kL 7
BoHDHHEFTNED - T b, 2Dk, o LSIW 14 fi#
W) 7 2fraEEl L c w2 B ©d 35, 2007 4F
ICARIE K ST I HER L, 3 2008 4EICiFH A T W B,
EIGALEE I A b N HITI, 2011 4, 2013 4E
2016 FFE 0 3 [N T, EIEAKDER 2 & HBLL, B
AT >Twb, 2L CREOED 2017 413,
fight =V 7 ko LSIW 2 b EEHM L Twvwb, L2 A

75, IVHHIZ A - 72 % 2018 4@ LSIW 137 <l & ki
U THED, THUUKE 2020 48 % cE4E, JbiEEE
11 Sy KD HIBLDM AL L TV 5,

HSIW @ &K HI o1 % Fig. 5 DK & FRE
BERTFE6ICR LT, B, TSTa 77402
T—TH SN (RERAMZEN LG 6 4F)
X, TEROZDERICETFEISNETHS, LrL, ZTh
5 DOHIBDOFIC S A 5N B ILE A EE, FEEMEE L 7
BREMNMHEIRBEEINTE Y, EWENREE Y -0
FRIETRETH B, T LSIW & [ARE, HSIW & F1E
Lzl (XHED) 2% <, AT E L o A HSIW
BRESN S, THIC A &, HSIW OFEEKIZ, Spu
FRASHBE U 72 AHE v R % A O LR D 6 BT~
3o T b, MM, JWB2 &, MloMEE &
WO AR BRI hTwb o0, BTy 7ak
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Fig. 6.

TEEMA SN S,

4.4. UK & {REE Preformed PO, b 5 & 7= LSIW
& HSIW

IKELDOBIALE % B 2 RAFWE & L TR 3ol
TiEHBH, b7k 5z, Fric HSIW o5 HED
ERMEICIIED H - 7, AT - BEH (2022)
IZHE v, DO & PO, % FI M U 7= BE LY 75 £ #F &t Pre-
formed PO, (PO,’) %23 % L, 5fiot—n—9—=
VITRBRIC OV T DEEANRITF S,

HKPFOBEBY PRI NG LE, HBEINDIBHEL
B EN 2 PO, OENILOMRFEMIZIZ8: 1 LENnT
w3 (Redfield et al., 1963), # L CTiHE SN 3BEIZ

TR » 1 o 8 %3 & & (Apparent Oxygen Utiliza-
tion ; AOU), & LT, fafligEE O, " » s EHlsn:
DOflizZL3lwTkd o s, &E, O, OfEid Tl
» (1) & (A~A, B, ~B, 13ffETH b, fHIZEHE)

Same as Fig. 5 but for the HSIW range. In the 6 years marked with a large “/A”, two salinity groups
are separated by approximately 0.002, as shown in Fig. 2.

ZRWT, KRET (KEAL) L3859 S oBHliED & 5HE
L7 (Weiss, 1981),

In 0,*=A,+A, (100/T)+A; In (T/100)+A, In
(T/100)+S * (B,+B, (T/100)4+B; (T/100)2) (1)

REL 6Nz AOUME E BV HoRFEEZHVNIIE, T
o (2) K&k b, HHD SILAMAALHT (DS 5HED)
@ PO, (Preformed PO,) Z#ET S ENTE 3,

Preformed PO,=PO,—AOU/138 (2)

4.4.1. Preformed PO, O#FEIZAHL = AOU - PO, D
BEEZM

SHEHEDE A MAE (LSIW, S, 7K, HSIW) 2812
AOU L PO, D RAEZEAL % Fig. TIc R, 2O &5 Ic
AOU & PO, 2RISR D L, WO EER 7248
I —VIFEAPTCRB LD LD B, liFE D LSIW T

i, dEEE (R ofEas g L, mEER (FAL) OfEIEKR
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Same as Fig. 3 but showing temporal variations in AOU and PO, . As a reference, horizontal dashed

lines indicate approximate separation values for LSIW and HSIW (100 umol kg™' for AOU and 1.6 pmol kg™

for PO,).

EWEAILAALSNDH OO, BITAAZEL T, AOU ©
1% 0~140 umol kg™ ' OHiPH, PO, DfEiF 0.2~2.0 u
mol kg™ OFIFTIEFICKE BN Y X 2R, ZhE
T, HSIW @ AOU & PO, DN 5 Y ¥I13/h& L, [
FHofEiAGE GRta) ©/hE{, BEE (Ft) TKREL
75 BRI EDSETH 2, ZoRIbEE AOU 2 5 HIk
T 5L, HSIW oF ki HEicdbAilicd 2 2 & 25
L, ZhiZ HSIW 0 TH 2 E@K»IhIcd 5 L
(Fig. 6) I2bFJF L7\, £7, HSIW © AOU 0 H:
7 i E 2 8y — >~ (Fig. 7 AT ER) 1%, 4.2fiC
A7z HSIW oK D 24l ¢4 —» (Fig. 3 AT B 1
LU TWw3, Thbb, HSIW 2MERML 72 THI Tl
AOU 1330, S, 7K D B T{RIRAL S — IRF IV IR IR L
72 LHACix AOU o3& 45 1k, F OMEIRILA G & - 72
- IVHACIX AOU S UEI L T %, Kl & DFFE X
IVIHIZ A% &, AOU ot IER /NS (b, T
) 7R TIEIERE CEICIEREL TWw 3 ETH 5,

4.4.2. BERBHEKD AOU & Preformed PO, D %t
e RET

Preformed PO, 3R M E & L TR Z 2 D7 513
Preformed PO, 1% AOU IZ{KFE L e W —EfHIC 72 %, %
2T, o7 —2 2T, #lilic AOU, #dic i
B PO, (Bfh) J 0 Preformed PO, (4 #iX % @éﬁ‘y\ﬁ'
FR) b L 784 I¥ % Fig. 8 I /R L 7z, Fig. 8 (a) |
LSIW O fEid %4, Fig. 8 (b) 1% HSIW o)@@ammm L
TWw3, WHEKE S AOU kil PO, (E) offic
AR IEOMHBEA H b, I A 5 Pk L TR
DEEOBL 7 (BEPHESNE) HuKFE, GHEYO
DIRDHEA T VBT ERRT,

Preformed PO, 7% AOU 12 47 L 72 W IEBUEIC 75 %
DIE HSIW ic A 54, AOU=0I1ZE T % PO, o &
Preformed PO, ® E# M iZ M —2 L, ZOfEHIF 1 1
mol kg ' BifkICH B, T DFEFRIF HSIW 2 %K
B PO, & 1 pumol kg™ BEDfEE b &, AOU DR
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(a) LSIW

(umol kg™)
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Fig. 8.

160

(b) HSIW

(umol kg™)

2.0
1.5

1 .0 __ 4.,,,,..,,.,“.”.,,

Preformed PO, I

0-0 T T T I T T I T TT I T T
0 40 80 120 160
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(a) Scatter plots of measured PO, (black dots) and preformed PO, (color-coded dots for the four peri-

ods [-IV) against AOU, using all data from the LSIW range. (b) Same as (a) but for the HSIW range. The
right-angled triangle in the diagram represents the molar ratio of AOU to PO, (138:1). The dotted auxiliary
lines indicate the slope of the scattered data, with intercepts of approximately 0.5 umol kg ' PO, (AOU = 0)
for LSIW and approximately 1 umol kg~' PO, (AOU = 0) for HSIW.

Ml EHR GEvAKIE EE AOU) A5, HSIW bR
WA RO 2 e cdh 5 2 L 2R, HSIW @
AOU fEIC BRREZEA A SN, NIV XFPRER T
(FRta) DK AOU 205, NV XN RIVE] (Fta)
DE AOU AKX FICE{L LT wb, — T, LSIW DK
@ Preformed PO, 3 EEAEIC 137 59, IFOMEZ 2% 5
TEDL, ZHHEY PO, EHIRF S 2 REMTDK
BEDOBITHICIERADPEI > TWwa I EEHNZE 5,
% 72, LSIW @ Preformed PO, D1z 4 Hi & &, RB&
BRBTHERELNTIVXFERLTED, ZOKREZIZ
REZICE bRV ERbr s, ZOfEEIE, LSIW
B U 7RI KDY T E~ BRI T Clcmifqb L
TL£5C¢t (Fig.5), LSIW @ AOU % PO, D#EAEM
BN FMIERWICKRED» o2 (Fig. 7 F&) Lo
FIEET, Py, LSIWOBHE S THOEEL LT
AOU BfEZA B WZ EZERLTWVS,

728, Kosugi et al. (2021) 3F4 LWL AOU & PO,

OEIMEZ F\VC, WEED 5WAATHT (9fF S 500
D DO (%513 PO £ FRL T 505, AL T Pre-
formed DO EWER) Z2HEEL, Sz EWE L —H—
ELT, HAMEHREKOEIFIC OV THERET> T 5,
Z D & 5 KB IR K 13 Preformed DO @ & 72 &
3, Preformed PO, THH[EETH % T & &R T,

5. AOU KFRHICLDF—N—2—-=27T
BIRDEZE

5.1. HSIW OESEXFHEICE T 5 AOU KFE4H

B i TR L 72 AOU & Preformed PO, o % Jits B 4%
(Fig. 8) #» 5, HSIW o AOU fi& o e [ % 368 175 7 % FH
W5k, HSIW OBRGIADPHE TE 5 2 L 23bd o 7,
Fig. 9 13 HSIW #4571 AT IC 8 1F 5 AOU /K44
DRELETH Y, £ROMT K EIER X Fig. 6 @
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Fig. 9. Same as the horizontal distributions in Fig. 6 but showing AOU in the HSIW range.

HSIW 0355 EF U Tdh %, AOU 543359
& HRT, SR AR 5 & O BRI
fEDNT Y XZFLEAEALNT, | ~HAEE TR
JLE A% AOU, EEElASE AOU & 72 21 & 2 Bt 4
izt nwsd, $hbb, EH» 5/ ~D HSIW
OBRERET S, LarLahs, MEHLKE, {€AOU
IKOFT- i HRIEASNT, VI A L, ZERWICIE
F— 78 AOU K DIREEAREICELL T b, 20D
I 44 DL 0 HSIW @ FEFE R B 13 500 m % # 2 (Fig. 4
FAHIFE), AOU fE S i Lie i Cw /e (Fig. 7 ZEMIF
BY), THIIMEH - BH (2022) cHigfIhTw s &
512, 2010 4EPUED F — N — & — = > 7 fEBR A HSIW
ERELTCOREVWI EZRT, 248 MHIMED
F—N— & — = JfEBRIF, HSIW X b b 75, LSIW
0T HOLEI»OEERD L IFREmZREH LT
w3 EEZLND,

5.2. LSIW & HSIW O Rz REBAT 54—/ —
-2 JHEIR

Fig. 4 OB E R CREOREFELZA &2 A S &, LSIW &
HSIW o[ & 75 2 S T 1E 27.30 0,435 (Fig. 4 /24
DORMERR), FEEETE X 400 m (35 (Fig. 4 A1l KR
CH B, £ T, HEIZ400m, EHIF27.30+
0.01 g, ® P o AOU & PO, D% ¥ L, Fig. 8 LA
K, AOU—EHI PO, - Preformed PO, ®#X
iM% Fig. 10® (a) & (b) IR L7z, Jelc iz HSIW
OEAT (Fig. 8 (b)) 3%/ b, Wi & % Preformed
PO, DEAME AOU 72 5 & AOU NIRIA L Hh23h, 205
D34 X Mg, FERICLE LI EBMEIC 5 2 L &R
L CTWw 3%, Preformed PO, ®f# 1%, HSIW & [AfEIC 1 u
mol kg ' i DEIC H 545, ZDfEIF [ #H 5 IVEIAX
I T T REL (PR LN, £, 27.30£0.01 g,
A (Fig. 10 (b)) 25 400 m (Fig. 10(a)) ICk
~C, Preformed PO, D/ NT Y ¥ H3/h& <, AOU fEHD
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(a) 400 m depth

(b) 27.30 +0.010,

(umol kg-') (umol kg™')
2.0 2.0
1.5 1.5
1.0 1.0
O.S—f Pr.eformed P64 0_5; Preformed PO,
0-0_||||||||||||||| O-O—IIIIIII|III|III
0 40 80 120 160 0 40 80 120 160

AOU (umol kg)

Fig. 10.

AOU (pmol kg)

Same as Fig. 8 but for waters at (a) 400 m depth and (b) a density range of 27.30 %= 0.01 g,. The dot-

ted auxiliary lines indicate the slope of the scattered data, with an intercept of approximately 1 umol kg™

PO, (AOU = 0) in both cases.

0RO ILHFETHE Z LoD, TNFA——
Y — =V JIERPEER & b b, FICHEHEZEAL TR
HLTWAILZ2R®BT S, 22T, 27.30£0.01 )%
ERicBF 2 AOUMEERKE LT, ZOKFESTE
Fig. 9 LML AOU L > ¥ C Fig. 11 IcfER L 7z, EAZ
27.30 0, Hi 4 O B FEH 1 1 ] o HSIW D % FE 123 <,
LSIW D% & b i3 #IcE v (Fig. 4 £8), 2wz,
COEERF ORI, REERE E LI HSIW 20 5 13K
FICBEL, LSIW & OSREMN RS b /NS »wEE
ZAbN b, B, AOUIZHEMEROME 20T, 27.30%
0.01 g, WEEFIFAICIE AOUENZZ WEHE L H D,
ZDHEIRZEALE LT,

B 27.30 0, T D AOU AKCE4 AR (Fig. 11) &, 4
K78 AOU L& 5% & 0@, HSIW @ AOU 434

(Fig. 9) i3S b, NHADEE S JLEEKIC 100umol
kg™ LU D& AOU 7K (BT E DO KAERS) D34
BLGEF, mfl2sE AOU & 72 3 b ARL A3 7z T
%, @O AOU O EILA NG, JCEITHELL 72 v kB
DRI~ S N, KEITEWAKAZL L Tw

LEETRRT, 2O EDS, HABIZEBIT 4 ——
J—= VIRRIIMEIET B T E L, LAIAATHKIZ
2730 o fHiEDEEHAZRFHLCE L, ZLTHTL
b HSIW @@tk Z o T wnZ EaElsh s, #
) ThHNIX, BE27.300, &0 b EIFICH B LSIW 13,
F == — = v FIER D VR A T B D R KNI AL
BLTW3, ZRWwA, LSIW I35 = 0 BT o 2
Ticdh b, FHOEEKEEICHEL> S HERL v
& (Fig.5), AOU—Preformed PO, Bf%& %> 5, LSIW i
RIFAHEOKI & DTV 2 EEZRBR L Tz
& (Fig.8 (a)), 2018 4ELLFE O S, 7K @ Hi B 13 HSIW
WER2L5ZT, ISWoazEHEMLL TR E
(Fig. 3 Zefll 1B%) »sHEfEI 5,

5.3. EE 27.30 0,ED AOU KFER L SBE S h
F FRE

R HTAR AT 2 6 RE X B AR £ corm AL BHEE I L~
500 km &, Fig. 11 2> 5 H#i &5 AOU D E b7 1%
HE 2 AAOU=20~ 30 pumol kg ' 23 7= T\ 3 D T,



142 REF - R - =

< Densi
A ensity

. 27.30
| £0.010,

AOU
| (umol kg™

:!— I100>

— 130

I160<

Fig. 11.
27.30 £ 0.01g,.

AOU o At A it i3 G=AAOU/L=0.04~0.06 pzmol kg '
km™ E% %, AABHEICE T 2BEHEREU (K
fizldumol kg 'yr™") 2bhniE, UG EoE T 5H
JER DI TR v MR S B, ARIFZEo A
DIREIZ BT % HSIW @ AOU L5705 ke 72 U fl & BifE
WESIN T2 HARMEHER-EDO Uff%z Table 1 ICE & d
7zo T 5 DIEIZRRAER 72 DO K325 o v ¢ & 1Y 72 %
PR ZERIORIRL, 20 TE (AOU X LH&)
hoRDOENTBDTHB, LarL, AWF%ED HSIW D
AOU IgR751 (Fig. 7 EMITE) TAz& ST, HlzIL,
I#H D AOU £ 3 T 2 2 WO DO #5235 - 72
CLEEKRT S, £oT, DOMtEEEERTIC, B
SN DOBAEDL G AED 57 UfElx, E0UfE%
WG L CO B ATEEED D B, S 51T, FFEEINEA
72 DO A ORI R CEEN R 570D, R
SN UMEHRELIELODVTWVS, DD RAHED
EMHBHDOD, Table | Df/IME L RAMEZEATU

Same as the horizontal distributions of AOU in Fig. 9 but focused on the narrow density range of

=0.24~14 pmol kg 'yr ' £ T hiE, BHHEE L v=
0.01~1.1cms™ LS h 3, ZhzBEiRoILE,
5HEEEE ML £ T OB L/v(=1.4~160 4) T
BT L, 2A—VLELRZEIEOND,

KWFZEClE, MBI HSIW 21, Fi#oE DO (K
AOU) Bt po - L2 ERLTEY, TE (W
500 m %549 1,000 m ~ZEfL) 2B 2 U EOEHEHE
BwElEZ 5, UEoko ik, HSIW @ AOU K% 5
(Fig. 7 AN ER) 12 BT, 2010 4E4 5 2021 4E 12
£ D AOU EFH AL (kAL T#9 40 pmol kg™
(=160—120), M (FH) TH 20umol kg ' (=160
—140), Zh b5 % 124ETHRHEL T, Table 1 ® U=1.7
~3.3 umol=kg 'yr ' »ME5N B, TOMEEERATS L,
B 12 v=G/U=0.09~0.26 cm s, BRI L/
v=06.1~17.6 f£D 10 {EFiE DA -5 L 12 5,
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Estimated oxygen consumption rates (U) for the middle and deep waters of the Japan Sea.

Oxygen consumption rate: U

(umol kg~ 'yr™") Analysis period (yr)

Table 1
Source Depth/Water mass/Density
Present study HSIW
Home page of JMA* 800 m
Home page of JMA* 2,000 m
Home page of JMA* 2,000 m

Senjyu and Sudo (1994)
Gamo et al. (2014)

32.03 kg m ***
Bottom Water (BW)***

1.7~3.3 2010~2021 (12yrs)
0.44~0.56 1965~1989 (25yrs)
0.60~0.64 1965~1990 (26yrs)
0.7~0.8 1990~2024 (35yrs)
0.24~0.41 1964~1985 (22yrs)
1.2~14.0 1977~2010 (34yrs)

*JMA is Japan Meteorological Agency. https://www.data.jma.go.jp/kaiyou/db/mar_env/knowledge/koyusui/koyusui.html
**This value is the potential density (0,) with reference to 1,000 dbar.
***BW is a water mass that exists at depths below 2,500 m and is characterised by very weak stratification.

6. £&O

HAWO A — =2 — = v FIER O FAE 3 R a5
(Yoshikawa et al., 1999 ; Fang and Isoda, 2020) #»»
BRRINTVWELDD, TNETEREEMNT 2 EM
WEELIE AT TH o Teo RFETIIHEEZRET 2
F == — =V FIEBR RAIAA K DOBIR) Dk
ZeftlAn, FRic, HAM OB Z FE R & I3 55
[EROHEEE TR D L2 HNIC, HARBRIMERICE
% 25 SEE O R/RIT O TR B E R KR - 555 -
DO - PO,) DN %247- 7z,

M /AN TR 5 5 LSIW 1%, FE O & X%
BREROFETICH D, FH ORISR & 8
EB MR THET 5 Ebhr o7z (Fig.5), —7H
T, LSIW (¥i9) 34.07 LLT) 2SEAET 2 BERICIE,
ABFFE Tl Sy K & MEA IR (43 34.07 BLE)
DE L F o THET 2 FE2MAT M O 25 £ 5 55
11 H 57z, 2O MBS IXEIE O LSIW 23 FE7ET %
RSPV T 7 <, MRETHR & 0 b ALAIo JbfgE v /7
KRN T,
fEH - BEH (2022) 2546%E L 72 & 5, REHTHIR O
B EIc B VT, HSIW OHHEE IC 30 ME I &
L2200V =7RNTVXDH L LEDBMHRINT, T
D& HEEICZERNERELSH 200, fETH
DR TIE, Sy KB L 22 d0EEVE IR S &
7 HSIW 28046 L, BEJT~I2» o TR ICRIEN S %
EaatinEsnt (Fig. 6), Z DEDDAORE) X

25 2 L2 HMIC, HSIW % ERICA T, LSIW &
HSIW oF o2& (27.30 0,AH37) 128512 AOU @
KA & 72, AOU % v 72 # 13, Preformed
PO, & AOU o xfizRif% (Fig. 8 (b)) 25, HSIW A
BB 27.30 0pfHE TlIth O KL & DR G 72 L,
AOU fE D BB E MR 5, KROBF A DME 7
HRE L HMT I N TH B, BE 27.30 0, D AOU
DA (Fig. 11) 13, Zh &0 bBEOWEERICH S
HSIW @ AOU 4345 (Fig. 9) k137 b, K AOU K (Hr
HLo DO KEEE) 2SERETHR DA I /4 I L fe s, mafil
2 AOU & 7% M db ARz T, Zhik, H
RHFICB I A —N—y — =V PEBRDPEILT 2 L7
&, TRAIAA T HEAIZEE 27.30 0, T O E % 8 L
THEPTLTWwA I EERT, AOU 0% A mIbaid &
AW CTHIR L 7R E R S %2 F v TR %2 A
2L, MAZOFEESIE0.1cms ' oA —2 L A%
boNi, 8, HREBEOF — =2 —=v TIERD? 72
HEE 27.30 0, L% BATRHEL TV D%, 20
HWEHIZ DD 5720,

ML oIz THA L 72 Watanabe et al. (2001) o ¥
FEBLINZ 1997 48, Talley et al. (2006) @ i i #100 1%
1999~2001 £ CH b, KN [HIcHz5, T 1
ICBRAE, Talley et al. (2006) 23HERIL 72 & 512, AT
AT TR E 7z HSIW 2H8IE L Licd —nN—2 —=
Y OEROMERIS AT H B, L L, MRITHIRZIE
ET2L A—N—p -V 7ERELTLLEED
HSIW % f£->CH 59, HSIW X b HiEL T 27.30 0,
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fhroEEmZREHEL, 512, 2o EHIcdH 5 LSIW &
NI H B HSIW 33 B R E L LA R T 2 L h D
motz, ORI LSIW 23304 8 X ofilE, HSIW ©
EIEARIRAY (EEEEL) v 10 M LR L R
25, AARBOFEKIHSPICIEEHZIREE EZ 5,

WO

ARHFSE CRAT S & CIHW 72K - #49 - PO, - DO &
BolEr»sEHE T, 2056 OEHIER % Web site
Rl CREICR B S T BB EER R BN & KRT D
B, DEOBAHLETET, £, KRrR
AT 2ichi-b, 2H0EFTHEMNEFERE O HPERE
Lh 5, ST XERD, % L OBy 2 KE O
Tk EBE L OB a v F2IEE, L& 0 ESHEL
9,

482 B & & 8 K ® Preformed DO & Preformed
PO, DEAR

Preformed DO & GV i O [l U AV SOGR% F v
T, THOBKRA»S5FH I N 55, Z OfEE Pre-
formed PO, % 138 £ L /- fEICfBFIERE O, (BN
oK - Earoiti) 2iMAbolks,

Preformed DO=DO+138 XPO,
=(0,*—A0U)+138xPO,
=0,"+138%x(PO,—AOU/138)
=0,*+138XPreformed PO, (3)
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Fig. Al

(a) Scatter plots of salinity versus preformed DO for periods I and IV. Red, blue, and gray dots repre-

sent HSIW, LSIW, and other waters, respectively. TWC, LSnPF, and LSsPF denote the salinity and preformed
DO ranges for the Tsushima Warm Current, less saline water north of the polar front, and less saline water
south of the polar front, respectively, as defined by Kosugi et al. (2021). (b) Same as the scatter plot for peri-
od I in (a) but with the vertical axis changed from preformed DO to O,*. (c) Same as (b) but with the vertical

axis changed to preformed PO,.
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Observational evidence of overturning circulation through
the middle layer in the eastern Japan Sea

Maiko Ohno'", Yutaka Isoda® and Takehiro Takatsuki®

Abstract

We analyzed long-term oceanographic data (1997-2022) from the eastern Japan Sea and pres-
ent observational evidence of overturning circulation—specifically, the advection of subducted
waters—that connects the northern and southern regions across the polar front through the
middle layer (density range around 27.300,). Low-salinity intermediate water (LSIW), character-
ized by a salinity minimum, flows under the influence of the eastward Tsushima Warm Current,
with new LSIW appearing on the western side of the study area at intervals of several years.
High-salinity intermediate water (HSIW), characterized by a salinity maximum, exhibits a long-
term decreasing trend in salinity and potential temperature (corresponding to an increasing
trend in potential density), though the precision of AUTOSAL measurements was insufficient for
a detailed assessment of salinity accuracy. In this study, we examined not only the isopycnal
structure of HSIW but also the horizontal distribution of apparent oxygen utilization (AOU) with-
in the isopycnal layer between LSIW and HSIW (approximately 27.300,). AOU was used for two
key reasons: (1) the relationship between preformed phosphate (preformed PO,) and AOU sug-
gests that mixing between HSIW (or waters in the density range around 27. 300,) and other wa-
ter masses is relatively weak, and (2) spatial variations in AOU allow for the identification of ad-
vection direction. Our results reveal a horizontal AOU gradient, with low AOU (indicative of
newly ventilated water) in the north and high AOU (older water) in the south. This pattern was
observed near the density range of HSIW during the early analysis period (1997-2001) and at a
slightly lower density range in the later period (2002-2022). These findings provide evidence of
a southward middle layer flow across the polar front.
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