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Generation Mechanism of the Anti-clockwise Nonlinear Eddy Street in the Region of the Soya Warm Current

Satoki IDAY, Shun Arima? and Yutaka Isopa®

Abstract

The generation mechanism of anti-clockwise nonlinear eddy street along the Soya Warm Current is examined using the

inflow-forced numerical model incorporating the simple shelf-slope topography. According to the conservation of potential

vorticity, a strong positive vorticity is produced off the inflow entrance by vortex stretching as the water column is pushed out to

deeper offshore. It rapidly grows up an isolated anti-clockwise circular eddy, i.e., a nonlinear eddy, during advection time trav-

eling round the eddy. Therefore, this advection time controls the oscillated period, and each isolated eddy is periodically gener-

ated and stably advected downstream by the mean shear-flow.  Such flow system accompanied by the eddy street is interpreted

as the self-excited oscillation.

Key words : Soya Warm Current, anti-clockwise nonlinear eddy street, conservation of potential vorticity, self-excited oscilla-

tion
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Fig. 1.

Instantaneous fields for (upper) the current vectors, elevation, and (lower) the relative vorticity normalized by Coriolis param-

eter in the cause of a mean sea level difference of 25 cm with (a) no tidal forcing and (b) diurnal tidal forcing (after Arita et al.,

2015).
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Fig. 2. (a) Plan view of Model-1 with a constant depth (50 m) to examine the stability of horizontal shear inflow. (b) Three inflow
configurations of Cos-type, L-type and R-type. (c) Model-2 domain in which the inflow disturbances propagate ; plan
view with inflow-forcing region fixed at 0<x<J¥ and side view showing simple shelf-slope topography in which the depth

increases linearly with positive distance y=0.
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Fig. 3. Time series of the relative vorticity &/f field at the intervals of five day in the inflow cases of (a) L-type, (b) R-type, (c) R+L-

type and (c) Cos-type.
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Fig. 4. Instantaneous fields for (upper) the current vectors and elevation at time of 32d00h, and (lower) time series of the relative vor-
ticity §/f field at the intervals of one-half day in the case (a) without and (b) with the bottom friction.
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the case (a) without and (b) with the bottom friction.
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Fig. 6. Horizontal distributions for (upper) the four terms of vorticity balance, and (lower) the energy transfer G in the case (a) with-

out and (b) with the bottom friction.
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Fig. 7. (a) Instantaneous field of relative vorticity /f* at time of 33d00h. The offshore distributions of (b) dynamic balance of
y-component, (c) mean alongshore velocity, (d) mean and anomaly relative vorticities, and (e) real depth A and vorticity

depth Hpy along a line 4-A” shown in (a).
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Fig. 8. (a) Instantaneous fields of relative vorticity §/f* and (b) mean alongshore velocity at black line shown in () for four cases of

volume transport 0=1.4, 1.1, 0.8 and 0.5 Sv.
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Fig. 9. (a) Spectral amplitude distributions in the period-domain against the increase of volume transport Q. (b) Change in the
maximum alongshore velocity against the increase of volume transport Q.
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Fig. 10. Time series of (a) the potential vorticity field and (b, ¢) the tracer distributions at the intervals of one-half day from the start
time of 31d00h.  The tracers in (b) are continuously released as the red (blue) color from the inflow entrance with £>0 (£
<0). The tracers in (c) are successively released as the red, blue, pink and green colors at intervals of six hours from the
half-entrance with £>0.  The offshore end of high potential vorticity (HPV) is marked by the thin black arrow.
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Fig. 11. (a) Instantaneous fields of relative vorticity {/f and (b) mean alongshore velocity at line shown in (a) for four cases of

entrance width /=40, 30, 20 and 10 km.
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Fig. 12.  Instantaneous fields for (upper) time series of the relative vorticity $/f* field during one-period cycle, and (lower) horizontal
distribution for the energy transfer G in the inflow-forcing period of (a) 7-=2.0 day and (b) 7= 1.0 day.
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(a) Spectral amplitude (Q=1.0Sv, v_=v,)
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Fig. 13.  (a) Spectral amplitude distributions in the period-domain against the increase of inflow-forcing period 7.  Tso is the Self-

Exited Oscillation period in the case of Q=1 Sv.
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