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Island-shaded Vortex Sequence formed behind the Elliptical Island,
Assuming Okushiri Island

Yu Furn”, Yutaka Isopa” and Naoto KOBAYASHI®
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Abstract

In this study, ADCP observations were carried out on a grid of ship routes with the expectation that the island-shaded vortex
would be captured around Okushiri Island in summer. Although such snapshot observation did not reveal the vortex’s generation
period, anti-clockwise vortex flows were indeed observed on the eastern side of the island, and a northward migration of its vor-
tex was also inferred. The observed vortex could be easily reproduced by a reduced gravity model with an idealized elliptical
island set up in the northward flow. The model experiments have newly shown the occurrence of alternating positive and negative
vortices with two-periodicities, i.e., 2.7 days and its double cycle 5.4 days.
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(a) Bathymetry around Okushiri Island. Red and blue circles are CTD observation points on northern side N-line and south-

ern side S-line, respectively. (b) The green, red and blue lines indicate the ADCP observed routes on day 1 (3 August), day

2 (4-5 August) and day 3 (6 August), respectively.
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Fig. 2. (a) Vertical distributions of temperature and salinity on N and S-lines. (b) Vertical distributions of density and current vec-
tors on N and S-lines.
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Fig. 3. Horizontal distributions of (a) observed current vectors at a depth of 34 m and (b) snapshot current vectors calculated by a
reduced gravity model (day 48).

® ADCP jiti# 7~V DIKF434i % Fig 3(a) 1R L 720 3 BRI o KEFHR Y #it s LTz bz, S Thilk
AT L72HEAN 7 R Vid, Fig 1(b) OEBEH T NR72E 902, T HE ) QBT bl & BT
L2 BRAUES LSS L T b, EERRICIZE RO E HDHLEHEMIZITHBCTE R WD, Bk LHEETTV
BRI & 5db L CTH A5, BIfE S N7 AT LA, TEREMY %2 FF3L L 725#E 2 P V434 % Fig. 3(b) 127



ok ok E

L7z FEix, 0 (b) 12 (@) OB RICRD & <M
PR A R R H R 2 BEAIE Y, IKFORL 2D
DTHAh, T3, dERTHPEFLER ORI 1T
B LT A KFIE, EFVTIEMBHBIC X 2 @En %5
I & L CRIL SN D B S N7z B H o BORERT
[\ EIEEE SNVIZETIVHH SN TBY, 200
M HROREIEATIR O T F CEMEMIIIBRIFE R L £
CPTW D, 72750, EFVCHB SN ISR i
WEIEER ZBRTH Y, FaH SRR O <2
AL, WISH T AR S NS (hil), AREHTld
WRBHEENZIRY , W TIZdbs0°8 H3H, 4~5H,
6 H o 3 [al> ADCP B ASE N & 7o Wi ORE M2 1L
TP Z DA TR EMGRRETIEH 2 D00, it
D—EBEZE 2z LN DHES S, M +EITRL7:
WO AT HRGE & & b2 db BER (R TR+ E )
I2dho7=Z LA Do

O L) HBIKRE L ETVHEROFUE AR E L
T, Kwte Tl BEREOBMEET 7 IVERE i L,
WPLE % & 8 72— REOFE M B A TSR & L2 /i o
B R S L VA

BTXTENETI
EFILOEE

RIFFECIE LD /-0, WEBBIIEEET, W
T SIS X BT IR E O A DSBS 5 MITgem
(Massachusetts Institute of Technology general circulation model)
DOFEILENET N E iz, BILENET IV 21, BE
BREAERE L ET2RBEEZ50, TROBES *E
K (FRREE) CIELZETFVTH DL, LoT, %
B ET VIESIZ1IBEFIVERLCTH S5, WL
FEAAVEH§ A EEE ¢ % NS FREAAICER T %
RICHE SIS g*=(Aplp)g (Z 2T, p ldl7REE, Ap i
FETROEBEEZ) ICEEIEZ230THY, Thwz, 1
&2 BOHRE V) EERTISBET IV E LIEEN T
Do BHIZIZHLE A — )L 2 MH5E L2 BAHIE & L,
Flili2s 30 km THEIDY 10 km OFEHE %% 272,

ryL| 2R B % 7558 L 72 Fig. 4 3 7V HIIE O K554
ThY), FHHOEE L, Mo Bz dbn & L IER, 1l
FHIZ x B, BEALA NS y Bl 5% L, FHEAE IR IR,
ML & b 12 Ax=Ay =500 m, B FFIANZ BV 72K S HUTE (B
PEDIKIEETE 120 km, BFILOKEER: 120 km) % 3%FF L 720 £ -
T, WIRFIE AN LEEDOPSS, Bl ORER D 5K
— R T ATLHE U 5 L, duEl oo BIEE 5 i Orlanski
ORISR L7 IO NTRER &, EREI 2
Tslip &M1& U720 Fig. 2(b) DEEWHK % 2%12 L C L
BEE*H=50m &35k, ETFRBOKENPLREEEIT A
~2kgm’ EMEEN, FNWz, FICESNHEEL g+ =
002ms? & L7ze T FVINTA=FIZHRREND S
HMREPORHE LA f=10x10%s" w7z o T,

e

H O 73(1),2023.

120km
Radiation condition

80km

M

120km

60km

RERRERRREREN

Inflow velocity : U

Fig. 4. Model geometry with an elliptical island set in the center.
Inflow forcing is a uniform flow U from the south.

AE TN OWEET B L= (@*H)f ~ 10km &% 1),
CNIEDOZEMA T — )V EFRRETH 5, il LA
TR IE, Fig. 3(a) O ADCP Hit 53 (X (B 7 55 o it 85
BHE) 225 U=03ms' &L, KETFTNVEHETIZRERMZAL
LARVEREE L7ze RETIVERRCIIRER - BEH FIR
T OMEET — A LRI, BEERL A VAR E %S
AR EL A= 10m%s" 28R L720 B A, Bl
EORFER R A —)V% d~ 15km (Fig. 4 &) & L7-
L&, LA VAL Re = Ud/A, = 0.3 X 15000/10 = 450 &
5o
RETIWVEBROMMMIE, FARHGHE U % Hiffit &
IRGE L7z & BIZEHE S N A NERSE R AN O R4 L %
BOFEIZRERE , EEB—RICHEL. o7,
FHEBGE, BRIZOMERHFHE ALY, Eits
FTp DR IRBIBSANEEE L 2255 10 HAZEE b fkfi L
7oo 22T, R LEMMEE oMo 54 L 20 H L
Meb 7o), B HIEIZ60 HETE L7z, R A
7 v 7% CFL &M% i 723 120's,  JEHIEMRAT O FFT i
1213386 H~ 60 H 512 =2 ADERET— %, FARIENT
121340 H~60 HO 20 M7 —% R L7z %28, K
I TIXBRRIEO BEEF 25 2 LPHNTH %
728, ETIVAERIL Fig. 4 DR TR E N8I O A% K
KT b

ETIVEER

Fig. 5 I35 Z 48 HEASH SIHEE T 1 HEON
TR AL AT & AR B DK 4346, Fig. 6 @ (a) %540 H



R 5 1 BRI B R

0=30° (4=15km)

B0k

3 1 ) S
80km

c,f <10 -06 020 02 06 10<

Negative

Contour interval of interface : 1 m

Fig. 5. Daily variations of instantaneous fields of island-shadow vortex excited behind an elliptical island for internal interface and
relative vorticity in the reduced gravity (or 1.5-layer) model experiment. Contour interval for interface is 2 m. The area
with a large positive (negative) vorticity is enhanced by red (blue) color, respectively.
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Fig. 6. (a) Temporal mean field for the interface and relative vorticity in the same experiment as Fig. 5. (b) Power spectrum of
interface displacement accompanied with vortexes. Five locations where those data was extracted are indicated by five circles

in (a).
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three neutral waves assuming the shear velocity 3 = 0.
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Fig. 11. (a) is the same as Fig. 9b and (b) is the same as Fig. 10b, but for a simple shear flow expressed by the 2-point polygonal line

model in case of elliptical island.
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Schematic diagrams of 3-point polygonal line model (left) and 2-point polygonal line model (right) for the shear flow. In

both models, (a) is mean velocity field and the x-y coordinate system set behind an island, (b) is horizontal shear flow (x)

used as the basic field for the liner theory of stability and (c) is horizontal distribution of potential vorticity £,

calculated from ( x) in (b).
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Fig. A2. Spatial structure change of neutral waves N1, N2 and N3 when 7~ is increased little by little from 0.5 to 0.6.



