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Vertical circulation induced by negative shear flow at the downside of Ooma-zaki

in the Tsugaru Strait

Ryuta Asano”, Yutaka Isopa”, Naoto Kobavasar”, Tomohiro Nakamura® and Kaoru Iton”

Abstract

A new type of mechanism for the generation of vertical circulation is revealed with the use of numerical experiments for the
bended channel model. In the steady passage-flow experiment with a flat bottom and no bottom friction, a remarkable vertical
circulation is formed only at the downside of bended corner where a negative horizontal shear flow dominates. ~ Specifically, we
call this type circulation “Negative Shear induced Vertical Circulation (NSVC)”, which is caused through the dynamical unbal-
ance of gradient flow and the vorticity balance between the lateral vorticity advection and the sea surface divergence. A field
observation was carried out around the Ooma-zaki area in the eastern Tsugaru Strait to confirm an enhanced downward flow

expected by the realistic experiment including the bottom slope and friction.  The spatial distributions of water temperature sup-

port the existence of this downward motion.
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Fig. 1.  (a) Bottom topography around the Tsugaru Strait.

ern half region of the Strait.
shelf (As). Top-1 model has a flat bottom of 150 m depth.

As) FAH L, ZITid Top2 L5, I DKIEZEALIZHH
BREOKENRS0m TH Y, KEEH.OdoD 250 m F THIE
WZKEDHEINT 50 2D &) M L,
Top-2 & [a] UWFIRITHIRE & 72 5 & 9 12KiER 150m —5E & L
72 PAH R AS Top-1 (Fig. 1 (¢) DHEGEHIE) THh b, E
TV RN A E S T O IR & L CE Y7 1.5 Sy
275 £ 902, EMIBEBER (0 AR 2 5 Wik 4k T —
TR VEHAE 0.5 m s 2R ABRGI L, HMBHEER dLRE:
) 1Z POM TRE SN TV A ISt 2 41 L7z

K THRZET 5 NSVC O\ 2 # £B 422 &
2 HBIZ, FHEETH D Top-1l HIIEEF VT, 512
BET 7 < VR SN WK BEIEREDE DA
FEE R — 2D Case | £§ 5, ZDOIERT — 2122
R D FE B4R 57 0.0025 Z3E A LT, NSVC &K T 7
< VRV ¥V TR OMEHEIE BRI S S A it A KR
% Case2 L9 5, Case3 |, Case2 O F-IHMIEL % BIFEM 2
HEERHE Top2 ICEZ 72 AFERETH ), ZOETIVE
BEHOTBIEE R 0BG Em SN b, 253
= A3V b AR AR R L — R E O 100 m s,
SEIEDR AR D — D 107 m? s (T 7 < VR
BT 5 L4445 m) ZERA L, FHEEEI 2 7 v T I3SNBE—
N CFL §th- %0574 5F & L7ze 7B, POM DIKFFH
BT (RS Tl Halfslip O SA%E ST b,
WENOAFER 7 — 2 TH 10 HEECTEERES 2o
727280, EFIVFERIZ4AT20 HHOfEZ AW THiVTW
5o
HEAKT —ZZH B NSVC DHFEEE

NSVC DI D Ay BRI T & 4 Case 1 (M
ECHBIERELR L) OET VRO b, @KL, £
TR NRT MV Ve, T Vo 7 5 5HE L 7285 R EE (f

— 65

Top-2

(b) Plane view of the channel model (Top-2), which represents the east-
(c) Vertical section of Top-2 model with the shelf slopes, i.e., Hokkaido shelf (Hs) and Aomori
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line from Figs. 2b to 2d indicates zero absolute vorticity f+& = 0.
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Case 1 (Flat bottom + No bottom friction)
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Fig.3. Horizontal distributions of (a) surface diffusion term ; Dif, (b) surface advection term ; —Adv (sign inversion) (c) surface
divergence ; Div=(Dif—Adv )/(f+ ) for Case 1. Green solid line indicates zero absolute vorticity f+ & = 0.
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along-section velocity components are denoted by color ranges and vectors, respectively.
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Case 2 (Flat bottom + Bottom friction)
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Fig. 6. Same as Fig. 4 except in Case2.
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Fig. 7. Same as Fig. 4 except in Case3.
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Fig. 8.  Bottom topography in the area enclosed by dotted line in Fig. 1a together with the locations of CTD (open circles) and XBT
(solid circles) stations during 29 July to 1 August 2015 cruise. The observation lines from A to G are indicated by solid
lines. Thick arrows along A-line show the positions of floating buoy deployments. Open square shows a location of
24-hour continuous observation.
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Fig. 10. Time (hour) and spatial (depth) variations of potential density and ADCP current vectors at the depths of 10 m, 50 m, 100 m,
150 m and 200 m.  Color of current vectors shows the range of An in Fig. 9.
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Fig. 12. Vertical sections of (a) water temperature (contours) and
salinity (colors) and (b) potential density along A and
G-lines.

5o ZOMBIEALEM L Fig 13 1278 LWl D TS 5
AT 7T A &R T I mBEEOKE - H5EZFH) TH
BOHND, ARO TS EIZRMO HIK X ALEL, GO
TSEIZHFMROEHIKESHEITH %, b, HIIIRE KA
TIX 45 L 72 #8181 Hanawa and Mistudera (1987) TEFK S
PZRALIER DO ARRIX G T b o FMERL T DERIL, TW
ZSAHERE K (Tsugaru warm Water), OW 738 %7K (Oyashio
Water), KW %SHL#7K (Kuroshio Water), CL %St &K
J& D5 72\ T 7K (Cold Lower-layer water), SW X OW %°
TW %2 KW 7% g [ i 2 C i b 5 L 72 32 /g 7K (Surface
Water) THh 5o EDFERMTATDH, Tl GHTITK
WAL TWBZ bbb, TSTA T 7T L00HEHS
ﬂZﬂRﬁME RO ERPEZ HND, —DIE GO
S 3 AiHT TW 725 OW DR TIZITIEMA 2 AR E RS 2
t#%,Aﬁimmﬁ%@;0%$<fmm&maow
ORI RO TAE U 5, 1ZITEEET L (R 260~
2640, DEIFH) DKIREETH S, b ) —2IL A EDOR
@I IX SRR K (SW) 25 5 7280, A #_EDFEFE 260,
&0 S KRIUE LAY T 2 ) 5 H R oRE, 7%
bbb, SENGRKREETH %, 7?:%/\733?)‘% TS T—%
72 TIE, WAKBRR G OFGORE S 2RI HAED
5 EIFETE RV,
RWFFETZDHTEE FIRL TV 5 NSVC 1, BB D
ER KRR EOBEMTH L, €2 T, &ELt@ﬁ%
AR D L N2 TH %o MHFRE THDMEIIR R L D0,



ok K OE s

Temperature (°C)

33.DI o |33.5I o |3;‘DI o |34.5
Salinity (psu)

Fig. 13. Temperature-Salinity (TS) diagram based on all CTD
data of A-line (red open circles) and G-line (blue open
circles). Definition of water masses based on Hanawa
and Mitsudera (1987) was used as following ; Surface
water (SW), Tsugaru warm Water (TW), Kuroshio Water
(KW), Oyashio Water (OW), and Cold Lower-layer
water (CL).
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