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Tsunami Response at Wake Island: Comparison of
the Hydraulic and Numerical Approac/zesl

A. C. Vastano and R. O. Reid
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College Station, Texas 77843

ABSTRACT

A comparison is made between two different methods of estimating, at an island, the
water-level response associated with incident plane gravity waves of periods characteristic
of tsunamis. Van Dorn (1970) has investigated, by means of a laboratory model on an un-
distorted scale, the amplitude response versus the period and azimuth for Wake Island. In
this paper a mathematical model based on a marching numerical integration of the linearized
long-wave equations is employed for bathymetry and wave input, duplicating as nearly as
possible that of the hydraulic model. Calculations were made for a discrete grid based on
an orthogonal “island coordinate” system that facilitates the application of boundary condi-
tions at the island and in the far field. A favorable comparison exists between the results of
the two models; the numerical system has a high degree of resolution that verifies details of
the response patterns indicated by the hydraulic model.

Introduction. T'sunamis are series of gravity waves of long wavelength com-
pared with depth; they are generated in the ocean overlying strong seismic
disturbances. It is certain that no two tsunamis are identical, as indeed no two
seismic events are exactly the same. The extent to which common factors exist
among tsunamis is largely unknown, since routine observations of the wave
trains in a midocean environment are not yet available. Virtually all information
about deep-water tsunami characteristics has been inferred from theory and
from water-level observations taken at various near-shore recording stations.
These investigations indicate that the waves have a broad-band spectrum, with
periods ranging from several minutes to hours and with wave heights of the
order of one meter in oceanic waters. It is precisely the uncertainties in indi-
vidual wave properties that has produced considerable interest in hydrographs
recorded at stations located on Pacific Ocean islands.

Basic information about the spectral distribution of tsunami energy has been
sought from recordings made at regular tide stations on continental and island
shores. Within the last two decades, the correlation of large numbers of these
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Figure 1. Wake Island, a coral atoll in the Pacific Ocean located at 19°18’N, 166°38’E. Outer reef
line indicated by hatched curve.

results has indicated that the hydrographs primarily contain the characteristics
of the localized resonant response to a tsunami. In view of this evidence, the
recordings made at an island that has limited spatial dimensions and is well
separated from any neighboring islands should minimize the masking of the
incident wave train by island-wave interactions. Wake Island, shown in Fig. 1,
is an isolated coral atoll of this nature. Four recent recordings by Van Dorn
(1965) at Wake Island have presented the first opportunities to examine a
tsunami in such a nearly oceanic setting.

In the case of tsunami modification induced by an island, it is anticipated
that the effects of scattering and the excitation of possible trapped modes
(Longuet-Higgins 1967) are governing factors. The numerical study described
in this paper has examined the local effects of scattering by an island in terms
of the response patterns generated by plane simple harmonic wave trains that
have periods representative of tsunamis. An hydraulic study by Van Dorn
(1970) has investigated the magnitude of the induced response at Wake Island.
The numerical work was performed by us in order to form a basis for a com-
parison with the hydraulic study. The purpose of the comparison is to establish
a coherence of results which, within the limitations of the models, demon-
strates a consistent representation of the interaction of long waves with islands.
‘This verification of the numerical system is a prelude to further investigations
of the relationship between near-shore tsunami recordings and the oceanic
character of the wave trains and to further studies relating response patterns
and observed run-up heights that have been gathered for a number of Pacific
Ocean islands.

































