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INFLUENCE OF ASYMMETRIC BOTTOM TOPOGRAPHY
UPON KELVIN-MODE WAVES IN A CHANNEL?

Satosi Sato*
Abstract

In the Yellow sea, the position of the amphidromic point of semi-diurnal tide approaches to China
nearer than that of diurnal tide, In general, it is thought that the difference of positions is caused by
energy dissipation, L, e,, semi-diurnal tide wave loses more energy, because its wavelength is shorter than
that of diurnal tide. But, the bottom topography of the Yellow Sea is not symmetric about the long
channel axis. The water depth in the western part is shallower than that in the eastern part. This
asymmetry of bottom topography may exert influence upon the cross-channel profiles of Kelvin-mode
waves(N==0: N is the number of nodes). And, the difference between oppositely travelling Kelvin-mode
waves may cause the asymmetry of the amphidromic system,

At first, Kelvin-mode waves are investigated, which travel in the channel whose cross-channel bottom
relief is the same as that of the cross-section near the entrance of the Yellow Sea. In this case, the
position of an amphidromic point can be regarded as the point where oppositely travelling Kelvin-mode
waves of same frequency and same energy flux have the same amplitude of sea surface elevation. As
a result of this calculation, the position of the amphidromic point move from the western part to the east,
as the cycle of waves gets longer, In the case of diurnal tide{g=7.0X10"%sec™"), the amphidromic point
locates a little to the west from the center of the channel. If there is 20% loss of the incident
Kelvin-mode wave, the amphidromic point will be right on the long channel axis.

Next, a model channel which has a single-step bottom topography is used to study the properties of
Kelvin-mode wave which propagate in the channel whose bottom topography is asymmetric about the long
channel axis. With this model, following results are ohtained. (1) Whefher they travel with the shallow
part on their right or left, amplitudes of Kelvin-mode waves in shallow part get larger, as the cycles of
waves get shorter. (2) As to waves traveling with the shallow water on their left in the northen

hemisphere, the result (1) is caused by the interaction between Kelvin wave and edge wave.
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Figure 1. Co-tidal chart of semi-diurnal tide in the Yellow Sea(after Ogura,1933).
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Figure 2. Co-tidal chart of diurnal tide in the Yellow Sea(after Ogura,1933).
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Figure 3. Bottom topography of the Yellow Sea. The unit of the depth is meters.
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Figure 4, Bottom relief of cross-channel section near the entrance of the
YeHow Sealline A, fig, 3), in meters,
The width of this section is 550km,
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Figure 5. Sea surface elevation vs, cross-channel section (line A) in the Yellow Sea.
Thick lines show sea surface elevation for northward travelling Kelvin-mode waves. The
value is normalized to one at Korean coast.
Thin lines show elevation for southward travelling Kelvin-mode wave whose energy fluxes
are the same as those of northward travelling waves of the same frequency.
@ denotes amphidromic points when there is no energy loss of incident Kelvin-mode wave
in the Yellow Sea.
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Figure 6, Single step bottom relief which is used for estimation of dispersion relations in

Section 3. The widths of hoth steps are the same(L;=L,=225kn}.
Thin line is the same as fig. 4 (real hottom relief of line A).
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Figure 7. Dispersion relations for shallow water waves travelling in the channel whose bottom relief
is single step stracture(shown in fig.6}, f =8.0X10%sec!, L,=L,=226ks, H,=80m,
H,=35m, In region I, dispersion curves are given by equation(3.7). In II and IIl, they are
given by (3.8) and (3.9). respectively.
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Figure 8. The cross-channel profiles of Kelvin-mode waves which propagate with the deeper water on
their right. The amplitude of unity for each wave is the maximum value in the cross-channel
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Figure 9. Dispersion relations for shallow water waves when L,=¢0, L,=225ke, Other parameters

are the same as the case of fig.7.
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Figure 10, Dispersion relations for shallow water waves when L, =225km,
L,=o00, Other parameters are the same as the case of fig.7.
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