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Barotropic Instability of the S6ya Warm Current

By Keiichirou OHSHIMA
Department of Geophysics, Faculty of Science, Hokkaido University
(Received June 13, 1984)

The instability of the Soya Warm Current is investigated, in an attempt to explain the
following two phenomena often found in summer, the undulation of the front seen in satellite
infrared imagery, and the intervening of the offshore waters into the S6ya Warm Waters.

A barotropic model, including the bottom topography and the lateral shear of the current
which determine the potential vorticity, is used, since the Soya Warm Current is almost
barotropic and the relative vorticity associated with the shear is comparable to the planetary
vorticity. For typical lateral shears of this current in summer, the possibility of barotropic
instability is suggested, and the most unstable waves have wavelengths and periods around
60 km and 2 days, respectively, in good agreement with the observed ones.
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Fig. 2. (a) The current and topographic con-

figurations of the step model and (b) the
corresponding potential vorticity dis-
tribution. The values in the figure are
chosen for the principal case, i. e. d=0.5,
R=-—0.5. The dimensional scales are
also indicated.
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¢ = A sinh kx ;o 0<x<1
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Fig. 4. Growth-rates of the unstable wave of %mes.: unstable wave when k is taken
imaginary.

the step model for the case g=3, R<0.

The dimensional wavelength and e-fold-
ing time are also indicated.

Table 1. Characteristic properties of the most unstable wave for the
step model. =3, R=—0.5 A:when o is taken imaginary,
B :when £ is taken imaginary.

e-folding e-folding Phase Group
Period Wavelenght time distance velocity velocity
(days) (km) (days) (km) (cm/sec) (cm/sec)
3.5 167 2.0 - 56 41
3.0 108 — 37 42 4
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Fig. 6. (a) The current and topographic con-
figurations of the continuous model and
(d) the corresponding potential vorticity
distribution. The values in the figures
are chosen for the principal case, i. e.
R,=0.2. The dimensional scales are
also indicated.

EHL, BEICET > T BHRIC L CHIET 5L 5 Th 5.

Fig. 9138 1 £— FORKEROREEE, H#hic M, 4801C R 2 &£ > TRLI b0 TH.
RIE5E b U e ERRA Re BT > & v VB P A% b 72 e b &K 2 5,

(0, 03 & 0 BAKEIC R 2K B &, KOL I B,

1—1o
1+ Ao

Re=—gr

(13)

Table 2. Characteristic properties of the most unstable waves for the

continuous model.

e-folding Phase Group

Ro Vmax Mode Period  Wavelength time velocity velocity
(days) (km) (days) (cm/sec) (cm/sec)
0.12 41 1 2.1 61 2.3 33 25
0.2 68 1 1.5 60 1.4 46 38
0.2 68 2 2.8 97 2.4 39 44
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Fig. 7. The dispersion relations of the cotinuous model for the case
R,=0.12, 0.2. For R,=0.12, only mode 1 is indicated. The
dimensional wavelength, period, and e-folding time are also

indicated.
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Fig. 8. The mass transport streamfunction Fig. 9. Growth-rates of the unstable wave
for (a) mode 1, Ry=0.2, k=3.6, {a+,0:)=(0. for the continuous model. The dimen-
483, 0.080) and (b) mode 2, R,=0.2, k=2. sional wavelength and e-folding time are
2, (6,06:)=(0.256, 0.048), corresponding to also indicated.

the most unstable wave, respectively.
The amplitude is arbitrary. Broken line
indicates sloping region.
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T Th=02¢3hE, R=50.68L%5, 2NEXE Vyge=23cm/sec T, ZHIZFEEIZTH &
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MR T CnabiFThHEE, BELZO 8(a)) superposed on the basic flow with
’ arbitrary amplitude. Broken line in-
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EL b MBS RITL B, 2 2 THIZ IETIERIEIC & 2Rk (Niino, 1983) ik - T
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DHBLERT LULEID D,
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f 8®

Fig 11k 5 ez (N+ 1) Blcad L CEERTE R TES A 28N 5. &8 (T
& W=P'=0 &% 5H6RAHE) LD,

-k ¢:=0 (Al)
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Fig. 11. Schematic diagram of the method
used in this study.
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72 N B OTEE I BV CROBER MK D S0,

[¢]t=0
(o+vk)[h ¢’ T —k[PH)E=0

(A2), (A3) @ ¢ %H\, (AD), (A5) DFM%EAT I,
P=*(A,, A;, B, -+, A, B:, -+, An, B, Bns1)

XL TRIEAL O 520,
AP=0

S I T A 2N XZN OATHT, EATHIHRS: 0 BT CEL I NS,

a1 =sinh k)m, a12=—exp(kx1), dlaz"exp(—kxl),

_ —(otwvik)cosh kxit+(1+v)sinh kx

a2 T

H

(o+ v, b—1—v2)exp(&xi)

2

22 =

s

(ot wvik+1+va)exp(—kxi)

’

az3 =
2

(A3)

(Ad4)
(A5)

(A6)
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QA2i-1, 2i-2 =exp(kx,-)
QA2i-1, 2i-1 =exp(—kx,~)
Az2i-1,2i — _exp(kxi)

A2i-1, 2i+1 — -exp(—kx,—)

_ (vit1—0—v: k) exp(kx:)

Az2i,2i-2 ; )
_ (vi+1+otuv:k)exp(—kx:)
azi, 2i-1 — : )
_ —(vitl—og—uv:k)explkx:)
Qazi, 2i — 7y ’
i+1
_ —(vit1totuk)exp(—Fkx:)
24, 2i+1 —

R

ad2N-1,2N-2 — exp(kxN),
A2N-1,2N-1 — exp( -kJCN),

a:N-1,2N — —eXD( - k)CN),

(—o+ vnt1)expllxy)

2N, 2N-2 —

hn
_ (ot+ovt1l)exp(—kxn)
d2N, 2N-1 — ) y
N
azn, v = —(o+1) exp(— kxn),
L, i=2, e, N=1. #7: LRUADBESET~TO,

PABBETLWELZ L DHIZE ADWITH % L » TdwiT v, &7,

Dot A=0 (A7)
%5,
EEICE 22 kISR LT (A7) SN DL 5% o # RO U EBIE K F 3.
i, N #WHWLELTHERBEEKD205 Nz220 T3 & A E58EBBRICE b RS kv
DT N2Z20 TREFLVIEMIC A>T d E W2 5, KR TIE N=30 & L T2,
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