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Magnification Factor for Tsunami Risk Evaluation

By
Takeo Kinosita, Tatsuo Konishi and Yoshinobu Tsuji

National Research Center for Disaster Prevention, Japan

Abstract

The coastal arcas in Japan, which have been rapidly developed for ports and
harbours, industrial and recreation areas in recent years, are vulnerable to a tsunami (a
tidal wave caused by an earthquake). The tsunami risk cvaluation is needed very much
from the view point of disaster prevention and preparcdness at the coastal area. The
estimations of the magnitude of the forthcoming earthquake and the frequency of its
occurrence have been well discussed based on modern seismology. Therefore the mag-
nitude of the forthcoming tsunami, the frequency of its occurrence and the generation
place will be able to be assumed. The propagation of the tsunami in an open ocean can
be casily made clear by the numerical simulation or the hydraulic simulation. But a
difficulty is found at the analysis of the propagation through a continental shelf. The
accuracy of the simulation is not sufficient on the continental shelf because of the
complicated technique in numerical modeling or hydraulic testing at the discontinuity
of the bottom topography at the continental shelf.

The authors propose the magnification factor which is defined as the ratio of the
observed tsunami height to the calculated tsunami height. The observed tsunami height
here means the height of the maximum tsunami wave above the mean sea level observed
at the Japan Sea coast by the authors immediately after the Nihonkai-Chubu Earth-
quake, 1983, The calculated tsunami height means the height of the maximum tsunami
wave obtained at the shelf edge, which is defined as the isobath of 200 m, by the
numerical calculation with the 5 km meshes all over the Japan Sea carried out by the

authors. The basic equations of the calculation are shown in Egs.(2) and (3). The

* 35 1 DFFEER, w30 1 APRERIEUKERS SOTAE, oer LB ETMIRT



ErBh B = v — IR $335  1084/T11A

correspondence of the calculation point and the observed point is simply determined by
the line normal to every isobath between the coast and the shelf edge. The resultant
magnification factor, R, has the trend increasing with the distance between the sea coast
and the corresponding shelf edge as shown in Fig. 2 where the abscissa is the distance.
The trend is somewhat bent on the figure, but it may be simply expressed by Eq.(4) for
operational purpose,
R=2 L<4km . @
R=0.151L + 1451 4<L<35km
where L is the distance in km. The broken curves in the figurc mean the run-up height
relation proposed by Shuto (1972). The trend of the magnification factor is well agreed
to the run-up height relation within some assumptions. It is concluded that the magnifi-
cation factor is useful to increase the accuracy of the estimation of the tsunami height at

the coastal line for risk evaluation of tsunami.
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Fig. 1 Calculated tsunami height at thc shelf edge (the solid line) and observed
tsunami height at the coast (thc bar graph). Broken line shows the occurrence
time of the calculated tsunami height.
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Fig. 2 Magnification factor with the distance between the shelf edge and the coast (or
the shelf gradient). Solid line is the cmpirical relation (4). Broken curves are

calculated by the Shuto’s relation (5), being supposed that the period, T is equal
to 10, 20 or 30 minutes.
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