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ABSTRACT

Approximate solutions of tidal wave scattering by an island
‘Proudman, 1914) on the shelf sea are extended to include the bottom
iricitional effects on the Sverdrup wave and EKelvin wave. Performing
numerical model experiments, the effects of topographic skirt around the
island on scattering phenomenn are examined. Numerical models are also
implemented to investigate tne generation of tide-induced residual
currents around the island for both Sverdrup and EKelvin modes of the
shelf tides.

| The scattering solutions show the followings. For an observer
facing the direction of Sverdrup wave propagation in the northern
hemisphere, wave amplitudes increase on the left-hand side coast of
izland and decrease on the right-hand side coast, compared to incident
amplitude, because of the Coriclis force acting on the rectilinearly
increased current near the coast. The contribution of scattered wave to
the phase variation along the circumfernece of circular island is always
larger than that of the incident wave. By considering bottom frictional
effects the scattering of sub-inertial plane wave can be solved. The
rhase line in this scattering turns clockwise around the island,
compared to the direction of incident wave, and the location of maximum
and minimum amplitude at the coast turns in the same sense,

The scattering of Kelvin wave in inviscid fluid produces a constant
amplitude along the circumference of cylindrical island due to Coriolis
effects. Effects of bottom friction on the Kelvin wave scattering by an
island are negligible. Effects of topographic skirt around the island
o Sverdrup wave scattering appear as a pair of increased and decreased

amplitude-phase variation around the island compared with the Kelvin
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wave scatiering. Based upon these solutions, the amplitude and phase
variation of the M2 tide {super-inertial) and the 01 tide (subinertial)
observed around Jeju Island can be explained.

Numerical experiments show that a strong clockwise residual
circulation on the slope around the island is generated in elliptic
rotary tidal stream (Sverdrup mode), but the very weak circulation is
generated in rectilinear tidal stream {Kelvin mode)} for an island whose
radius is much larger than a tidal excursion. From the analysis on the
conditions of vorticity pumping {(vorticity transfer) in elliptic rotary
stream, it is shown that both the flw magnitude of topographic
vorticity across a constant depth contour around the island and the
phase condition of the vorticity pumping should be considered to explain
the spatial variation of residual circulation. The very weak generation
of residual circulatioﬁ from the rectilinear tidal current field results
either from the nearly outphase pumping condition of topographic
vorticity or from the alternmation of the poor wvorticity preducing
regions and the small pumping current regicns around the island. It is
found that the effects of temporal change of sea level on the shallow
sea i1s as important to Eulerian residual current generation as the
vorticity pumping. Model results show that the residual flow due to
this factor appears in the shallow water area near the coast of island
where no-normal flow condition reduces the topographic vorticity pumping
significantly. The effects of non-slip flow condition produce =a
significant residual currents near the coast of island due to the

advection of the large vorticity generated from lateral boundary.

Key Words: scattering, tidal wave, residual current,

topographic rectification, bottom friction.
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