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Model experiments and observations of Oyashio barotropic flow intruding
to Hidaka Trough via steep shelf slope area off Cape Erimo

Masato Mivake", Yutaka Isoba?, Keiri IMar”, Kenji Ocuma® and Kouki Sawapa®

Abstract

The shelf slope off Cape Erimo is very steep, and its slope width (L~30 km) is smaller than the internal radius deformation
(A~50km). A simple model is used to investigate the dynamic response of Oyashio barotropic flow passing through this local

steep slope area. Model results suggest that near-bottom Oyashio water cannot intrude from shelf area off Cape Erimo to

Hidaka Trough, because inverse flow accompanied by the bottom trapped shelf wave is generated over the steep slope under the
physical condition of L<)A;.  To confirm the existence of such inverse flow, hydrographic data at upstream and downstream both
sides of shelf area off Cape Erimo were examined.
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(a) Bottom topography of “Kuril-Kamchatka Trench” and “Japan Trench” in the western North Pacific.
(b) An enlarged map of the study area with CTD observation stations along A-line (red),
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B-line (green) and C-line (blue) on the bathymetric chart. Numerals on the solid lines show depth in meters.
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Erimo.
(solid line of Case 1).
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(a) Plane view of model basin configuration and bottom topography, which simply represents the steep shelf slope off Cape
(b) Initial condition of vertical density profiles for no stratification (dotted line of Case 0) and typical stratification
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Model results on steady state (after 30 days) for (a) Case 0 and (b) Case 1.  Upper and lower panels show the horizontal dis-
tributions of current vectors at 100 m depth with contours of sea level and on the bottom, respectively.
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Vertical distributions of velocity component u along two lines named by A and B, their locations are shown in the lower pan-
els of Fig. 3. Result in (a) Case 0 shows the idealized barotropic response. Result in (b) Case 1 shows the dynamic
response of Oyashio barotropic flow passing through a local steep slope area under the typical stratification. Density con-
tour interval in (b) is 0.1 o.
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Potential Temperature-Salinity (PT-S) diagrams based on all CTD data of A-line (red open circles), B-line (green open cir-

cles) and C-line (blue closed circles) in (a) September 2017 and (b) March 2016. Definition of water masses based on
Hanawa and Mitsudera (1987) was used as following ; Tsugaru warm Water (TW), Kuroshio Water (KW), Oyashio Water

(OW), Coastal Oyashio water (CO), and Cold Lower-layer water (CL).

Vertical distributions of salinity with contours of

potential density along A to C lines in (c) September 2017 and (d) March 2016.
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Vertical distributions of PT with contours of potential density along A to C lines in (c) September 2017 and (d) March 2016.

FIDFEEERIF (27.2~274 o) (X, HBEK LV & EEREEMIC
TEE L TV % DO MK (k) 2789,

9 HoWiEKIZIZIZTEm TRl &, BEH27.0~272
oo DHIPH, PT 2547 3.6°C & 72 & [/l — e KB EZ L &,
TEAEKZEIL 500 db A3 12 3 5 (Fig. 6(a)c))o 72721, HibE

ARSIV VS BE T T2 3 - 72l 2 PT M3 2L (%
JEWERIZAE DT 2o Tnb, F72, ZoHEEK
O FEBICIE PT H/IASEAE L, SAUIIE AR/ £ 9 5l

YR X VRS R Cwa E IS S, 3 HElO
PT-S ¥ A Y75 L%&H&DE (Fig. 6(b)., BB Z: PT Mk id
BHACHEII S, ZOMAPTIZI HD3.6°C L1 HIEKL,
WAl 22 PT 3R 2L OIRIE b FH K E WEHFAA SN D,
A B CHECIEHEZL PTBRAKZRS Wb OD, 9 4D
HBEK & [ CB R & PT A S DARSIEFIE L TV %,
3 B @ PT Wiidl (Fig. 6(d) = & 5 &, ARLIHA N (A7T~A9)
& BRRIZHIBEKDRD HNDAD, ZOiES139 I~
THIS 2I2E5\,

JKEE 500 db 12 & B HRIEK & B EiRl B #E) 205
H SRR (A-C ) ~NOKRFRBROFFIE L Lz 7% 513,
WEATAZ 9 AN, 3 AR &5, LA L, PT-S
FTAX T T MRS NI % pTi;; %UE , SEERIET

% R B SR 0 22 AKBLIR & DAL & R L T\ b, Bl
Tl _72 L 912, FEEKDFED & 7(1.7.275‘0 72 H s R

FEOFREIL, BRRIIIATE L 22 WEEE Gyre (TW) 28TERL
ENTVE, ZOFE Gyre 2SHEHGEHIN OFFEIR A2 X
DT HBEOKBEE % &0, SENRKILREEGOE
BRWEEEEZ b,

/IEJ{_L(‘_’ iﬂh%&/ﬁ @liﬁﬁ/\?ﬁ

RIETCREAR L7z & 912, A TR 08/ Nk R g
RSB é n, ;h%mkij@ﬁ I 7 PT 3659 2{1 t%ﬁco
TBY, FHEWE LAY 2 $E N 2 KRS DRtk
—D L LCEmILR A S N S, 7JDX_’C Yasuda
(1997) (&4 R — v 7 iii & 3 5 HEKIE, BE 266~
27.0 6o DAEIRAL (low potential vorticity) THHEATIT S b 2
ERR LT COBEHFIZZHEEBIRASIIFEND
AR/ NK (26.6 6) & HIBEK (27.0~27.2 6) DIZITHH D
WIS T 5, 22T, B S 7o g o 22 [
GANZOWTifiam 3 A 7280, MGEAIZER L 72iAL Q Wr

M54 % Fig. 7 OEM, ZEILFGREORETH S ¥ —
F—7 ¥ 7V Tu W54 % Fig. 7 AR L, LE#%
9 ABIN, TE:Z 3 ABNE L7z SNSORICIZERT,

HEEEE A O V5 — (02 0p IR TFRL Tnh,
WAL Q MEFEIT Yasuda (1997) 1ZHEVS,  FHXFIEE % MEA
L2k EHWTEE L 72,
~ f 0o
0= oz Q)

I, IR F T A= (EH S ORERE & ),

p \HEKDHEFE (1,000 kg m ™), z \ZEREETH 5o AL
BERWELTIRRL, ROFEEIL QO 2E L 7 5B
% 7RY. ¥ —F—7 7 )V Tu l& Ruddick (1983) IZfEV,
K2 HWTEE L7,

Tu=tan '(—R,)—45° )
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Vertical distributions of potential vorticity Q (left panels) and Turner angle Tu (right panels) with contours of potential density

along A to C lines in (a, ¢) September 2017 and (b, d) March 2016.
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ZIT, 0.k S EFENENPT LG OSREARERL,
o \ZBE RIS, BIXIESIGEAREL, R, (LERE N 2 W
AR % PT 375 L3 3 5- D 2 7R L 72 |k ©
Hbo Tuld R, ZMETEBLZODOTH Y, FHEEIC
X L CKIRAAZEE & 72 % Diffusive Bl (- 90°= Tu = —45°)
EHF O, WO PALE L % 5 Salt-finger B (45°= Tu
=90 IR EIBIRTEIR LTz B, WLQ LY —F—
T Y7 Tu DFfEL, FEbE iz 1 db MBEICETE L
720

9, Foh— v 7 iREOBEIKIEETH 5% 266
~27.00, DIRMIAKIZ, 9B &3 ADEE S OEIIT B
WL IZFED B 2 & AT & 22\ (Fig 7(a)b))o 3 H BRI R
D, AFWHEGHNC L 2EKBRALEDNS, 2640, &
D D BEWEER OO ADTEE TH 5 (—HIZIIRE
FIRDBEIES T L IFAE). ¥ —F— 7 ¥ 7 IV 54 (Fig.
Te)A) ISR END LIS, RIEFHIZBIT 5 266~27.0 0y
OF W CIETEILFUR G LRI TH Y, ZThwz,
B O L SN DB SAHBEIC R > TV L E
Bo —MIZ, WORINKO LIS R EE R D20
|2 Salt-finger B (FRELIETR), HIEKD LEIIKIRAZE &
% % 72912 Diffusive B (i %) O ZEILHGR &5 E
W& be ZD LD MR A/ Y — 1%, 9 HBEM
(Fig. 7(c)) DEHE Gyre fHiT A MR E CH) D 2700y £ D B
BWEERICADLN L, 3 AEI (Fig 7(d)) % & O Mok
HTIL, M7 PT IR ZA LD & 5HE S 172 Salt-finger K
& Diffusive BIASHERICIRAEL TB Y, 5V EHILHT
HEHY, FORETHE A S 272 0o HIEOHEEW £ Tk

BoTWhb,

D EofgriERa 5, B L B #7) O HEEK (27.0
~27.2 o) FHECTITAE RS L TRk 72 ZEILFUR A2
D, 9 HOEEE Gyre fiHE TR & A7z 35551/ R0 Hh g
KDY SIS L IR & % 2 DI, AFFHGE
He “HEIHIRAOMAGOEIZ LD LD EHEIE NS,
FND L, AIHEICiam L7z HEEKE ACEFR O IRIE & 3
bz lidfaE s g, 22T, KEBROF 274
R LC, AW CER Lz OAKE Ciliid % DO
WK TH Do 2 ORI EILER A O ¥ LY
NS 272~274 0y DEEIERIZH Y, HEAHRIER %
AT AR CTH 5 1,000 db FHTICHFEFEL TV b,
BE-DO 41 Y75 L& DO KESH

TR BE 0> DO il 1338l L 72 KA & O EAEHIZ L -
THEZEMER I N -0IcEm L, I ZITHIIREICH L &
ZEZHNTWD, TOfEML72 DO OME (LT, Ogpb W
P IKEE GO S EFERHICRBEL A LN TE
5 (BRI RSIT AT O WEBLITRET G5 150, 1999) %
ZM), F7o, Kbptdsha < EBfhETidty 77 > 7 b
VNCE DAL - CTHESG S LS 720, DO HAS
R & R A GE L%\ L L, WD SILAAAT
HRKDZFDHBDO DO, /N7 7 T OB SRR Y
OIFHIZ L > THEE N —H L), FRFNISHEDT
bo TbE, DOEAVNIWVIZE, FTRPTOME
T & AOU (Apparent Oxygen Utilization) 75K & W3 &,
WK (T A BRI L 72 R SR ) LTS D, B,
AOU WRANBEIE S, AOU<0 & 22U, B L
7oAk LIRS b,
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AOU (ml I)

Fluorescence

Potential Density-Dissolved Oxygen (PD-DO) diagrams (left panels), PD-Apparent Oxygen Utilization (PD-AOU) dia-

grams (middle panels) and PD-Fluorescence diagrams (right panels) in (a, ¢) September 2017 and (b, d) March 2016.  Val-
ues of A, B and C lines are plotted by red, green and blue colors, respectively. Lateral line of 26.6 o, in each diagram

corresponds to the range of salinity minimum (S,;,) water.

AOU = O — DO ©)

KM O dEE T T, R I FE RO i
DO 7 7K ASELEFAE L T A 7280, 7K 1,000 db 312
DO B/NBATEH EN D Z LD MO T WD (Bl 213,
Yasuda, 2001)e % Z°C, GOX &R, BMEREIC 35
DA T, BE-DO ¥4 XY 75 A% Fig. 8 DM, %
JE-AOU ¥4 ¥ 7" F L% Fig. 8 DEAHIZFIRL, FE®
(@ A9 HELH, TEBD ) A3 HEM & L7z WHE D,
I TIE B S OB 272~274 6, AU 12 DO F/)N (DO
& AOU K (AOU,) DSFTEL T A 2 L SRR S LS,
HEIZ, 9 HICBIT 25K (IKEE) fHhEo AOU IZEDE (8
A 2R LTHBY, BEHIZL S DO HHEZRL TV,
X TIENAEROIRE L LT, @6 (Fluorescence) D
TEE A X % Fig. 8 DAHENZ ()9 HE ()3 HERL 72,
WA & HIEGMNDAE L 72266 09 & 1) DEEWEER T
M ICEWER R L TEB Y, 9 HDFERE DO HSEafik
BTHoTHFEIEILEVEEZ D, #HIZFEZIL, 26609
LD LEVEEFTODO I, HBEROEEIL W EH
Wb, CORTIEMYDLEIIRAZDLLDOD, TOE
WEFEERT O 3 HBIINCIR Y, BRI EOMEDS A S ND,
B A -B-CORLFTDODA/NEEBIT AL, DO
B/NE ) QERBEFTIEB <A~C LD, BEEWIX
MR D E—/KIL & BbILB~A £ 5T\ b,

O &) B EOALESR F—M 2 BT 5720,
Fig. 8 ® DO 18/IMIHT 12 o THIR L 72HIHIFH 2 95K L 72
BEEE-DO ¥4 X 75 L% Fig. 9 DM (a) 9 BEII & (b) 3

REINCR L7z 3, HRITRO CRITHERRIZH D,
KIE L E 20, DO B/NMIEED 5L, A C5 % C4
DO TJE O DO HIL M 1 bR TR WD 5o HE
MOHPATH 525, TIUTHRWBROIKTKIZEIT S DO
HEOEEND LNV, I 2 TIIRBITRD A K LG
BFROBMO DO IFEHT S, HIZd B2 LH 2, 9
ABEIO DO Hi/hod AFRE BRROMEIZA SN V»—T
3 HBEEITIZ DO fi/h & 1) HEERWEERTICB VT, BMT
13K DO, AETIEE DO & 72 2 HEND 5
KEHTIIEE-DO ¥4 Y 7T L% H 72k % 3
K35, DHEOEFRIT HOWER CHETHIl S /%
JZ-DO B4% (Fig. 9(a)) % e X |7z, MEFL CH (FBIR)
D E-DO B A B Y FRE3EIR Ok 2 8T 5
£ —06XDO+277 <oy =—06XDO+278 L7211, ZD
EEEEMNC 0.1 oo 720 PATRE) L 72# i S Nz €, M
T3 3 ROEER TSR % R L7z, Fig. 9 04l
(©9 AL ()3 AICBITS DO =1.0ml1' ® DO /K%
FHOEY T L 72 DO Wi M GEEAIIHE) TH D,
CORNZREMEBERL L3 D0OKMERBER DS
R, fkth, B ZKIE IR (bar chart) TEAQ TR
U720 MR CRHWIH TIZ Lk LzKHERICXY
IR TH & DAL TH S HHTREIL
DO f/NE D PN AIE T 2 AREKILTH 5o 9 H DB
A B #H (CHI L 2R EARRIE, B SRR (A A
NE TRAL TS5, ZORAHFBIZIME 2 57K 1,000
m®»D AT ETH D, 3 HOBW EFM B ) 12 LR
ARIZHBLL T 225, HEARIERE (A B PIZiE4e<
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PD-DO diagrams enlarged around the minimum DO water (rectangular region of « in Fig. 8) in (a) September 2017 and (b)

March 2016. Based on this PD-DO relation, three water masses are divided by the boundaries shown in solid linear lines.
Vertical distributions of minimum DO (less than 1 ml1~") with contours of potential density along A to C lines in (c) Septem-

ber 2017 and (d) March 2016.  Bar charts with red, green and orange colors indicate three water masses defined by PD-DO

relation in (a, b).
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