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Generation of Higher Mode Shelf Waves

Yutaka ISODA and Yasuhiro ISOGAI

Abstract

Shelf waves have many modal-dependent structures in their cross—shelf dimension. The current fluctuations
on the shelf areas in the world oceans were frequently dominated by the second or third mode. Theoretical studies

show that all mode waves excited within the wind forcing area starts propagating after the sudden onset of forcing.
Thus, the generation of higher-mode waves can be predicted theoretically, but intuitive understanding for its
physical mechanism is not easy. This study suggests that modal-dependent structures are temporally formed as

regarded as the scattering process of vortex eddies.

The scattering gives repeated rise to an eddy with positive/

negative vorticity generated by a former-formed eddy with opposite-sign vorticity, according to the conservation of

potential vorticity.
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Fig. 1. Model domain for the channel in which the disturbance propagates ; (a) plan view with wind-forcing region
fixed at 0<x<L, and (b) side view showing simple bottom topography in which the depth increases

exponentially with positive distance y =0.
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Fig.2. The instantaneous fields for (a) volume transport vectors and (b) relative vorticity at times of 16, 36, 76 hour
in the Cases of W and V. The symbols el, €2, e3 and cf denote the locations of three vortex eddies and coastal
current, respectively.
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Fig. 3. (a) Dispersion curves for the lowest forth modes of shelf waves. Gray scale of each curve line denotes the
relative value of Xb,. (b) Upper panel is the same as figure (a), but the representation by relative value of Xb,,
A(k). The inclines denoted by three dashed lines show the estimated propagation speed of vortex eddies of
el, e2 and e3, respectively. Lower panel is the amplitude function A(k) of wave packet for the disturbance
with forcing scale of L, =100 km.
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A sequence of plots of (a) volume transport vectors, (b) vorticity generation term, (c) relative vorticity and
(d) the instantaneous amplitude distribution (x-axis) for the lowest three modes at different times ¢ during a
constant outflow from the coastal boundary. The symbols el, €2, 3 and e4 show the locations of four vortex

eddies.
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