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Incident angle identification from the spectrum

for a tsunami invasion to the shelf

Abstract

Spectra were obtained at Esashi, Iwagasaki and Mikuni for the 1964 Niigata
earthquake tsunami. They were compared with the spectra calculated on a linear
sloping model of shelf. The similarity between the two spectra was estimated
from a correlation coefficient. The maximum value of it versus incident angle in
the model makes it possible to identify an incident angle. It is useful to discrimi-
nate the best fit model with an appropriate incident angle in applying a linear

sloping monel.

Introduction

When a wave arrives at a boundary dividing into two media with different
velocities, it is reflected and refracted. As for the refraction it is well known that
Snell’s a law holds good between incident angle and refraction one.  The refraction
in the multi-layered media is approximated with a repetition of it for two different
media. Since a tsunami is a kind of long waves propagating in the sea, the velo-
city is approximated with the relation of

v=v/gh
in which g is an acceleration due to gravity and h is a sea depth. In this case
differences of velocity are due to differences of a sea depth. When a tsunami pro-
pagates toward the coast, it is refracted because of shoaling. An incident angle
becomes smaller with a wave approach to the coast.  Generally an incident angle
is constant for the sea of an even bottom but is variable for the sea of an uneven
one.

Recently Abe and Ishii (1980) dealt reflection and refraction for a linear sloping
model between two flat regions and analytically showed the amplitude ratios as
functions of incident angle and period for an invasion of sinusoidal plane wave.
They calculated the spectra expected at Onahama in north east Japan and compared

it with one observed in the 1952 Kamchatka tsunami. It was shown that the
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observed spectra were well approximated with the computed ones.  Since the depth
of outer sea is assumed to be constant in their model, an incident angle is given
as a constant value. Therefore, their model is very useful to discuss the effect of
an incident angle to the observed spectra. The method to identify an incident
angle will be obtained by calculating the correlation coefficient between the spectra
observed and one calculated. It is applied to the case of the 1964 Niigata

earthquake tsunami.

Observed spectra

The tsunami accompanying the Niigata earthquake of June 16, 1964 was obse-
rved at many observation points which face to the Sea of Japan., Three distant
points were used for a spectral analysis among them. Those are Esashi, Iwagasaki
and Mikuni from north to south. The former two points belong to Japan Meteo-
rological Agency and the latter one does to Geographical Survey Institute. The
time histories of sea level were obtained with the same amplitude ratio of 0.10 and
the same time scale of 2cm/hour. The original histories were digitized from an
initial arrival of the tsunami to 6 hours after its arrival without eliminating a
daily tide. The digitation was carried out with a x-y reader resolvable into 0.01
inch and the time histories punched out in the paper tape were analyzed into spectra
with Goertzel method. The period spectra were obtained for the components from

10 to 50min.  The results are shown in Fig. 1.
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Fig. 1 Spectra observed at Esashi, Iwagasaki and Mikuni for the 1964
Niigata tsunami.
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Calculation on a linear sloping model

A linear sloping model by Abe and Ishii (1980) was used for obtainning an
expected spectrum and it is illustrated in Fig. 2. The model consists of a flat
shelf in width of 1, depth of h; with a linear slope in dip angle of 6 and a flat

outer sea in depth of hs.  Their method makes us possible to calculate an ampli-

Fig. 2 Geometry of a linear sloping model after Abe and Ishii (1980).
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Fig. 3 Shelf topography of the Sea of Japan.

Solid straight lines indicated over the shelf correspond to x axis of the model.
Incident angles are assumed as the illustration in taking account of the dire-
ction of epicenter.
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tude ratio at the coast (x=—1) to the incident wave as functions of period and
incident angle.

The topography is shown in Fig. 3 for the shelf of the Sea of Japan. When a
linear sloping model is applied to this topography, it is necessary to assume x
direction of the model. The directions are indicated as x axes in the figure. An
incident angle is assumed to be which is measured from x axis toward the epicenter
for each observation point. Parameters of the model are determined as they
represent a cross section of the sea bottom under the x axis.  The shelf parameters
thus determined are listed up in Table 1. Using these parameters amplitude
ratios were calculated for three models and are shown against period in Fig. 4.
It is found from this figure that the amplitude ratios decrease and the resonance
periods move to the left with an increase of incident angle. It is possible to

identify an incident angle consistent with the observed spectrum since the curve

Table. 1 Parameters used in the model

hy (km) hs (km) ! (km) tan @
Esashi 0.15 1.4 10 0.27
Iwagasaki 0.15 2.6 10 0.054
Mikuni 0.40 3.0 48 0.022
7k ESASHI 7k IWAGASAKI 7} MIKUNI
6t 6 61
$y=20"
o5F 25 o5k
o ko I
- - po = 20"
B4t 84 84t !
3 = a
ot e B
o a o
E3 £3 £3
< < < of
2 60°
1 - 8
0 I I B A 1 7 LY AL g U T ol | gl
10 20 30 50 70 10 20 30 50 70 10 20 30 50 70 100
Period min Pericd min Period min

Fig. 4 Calculation on the model
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changes in the form with variation of incident angle. As the incident wave
amplitude is an unknown factor, an absolute value of amplitude is not obtained
from calculation. So it is impossible to compare the observed amplitude with the
calculated one directly. But we can discuss a correlation coefficient between the
observed amplitude and the calculated ratio since it is a constant for any incident

amplitude.

Identification of an incident angle
The amplitude ratio is obtained for a unit amplitude of an incident wave with

each period component. On the other hand the incident wave in observation has

an original spectral component. It is well known that each tsunami has a different
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Fig. 5 Correlation coefficients between spectrum observed and one
calculated against incident angle assumed.
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spectrum characteristic of each generation mechanism.  The observed spectrum is
approximated to be a product of the original spectrum and the shelf response. The
latter is obtained in calculation. In observation a notable peak is found in the
period component of 24 min for all the points. It is difficult to consider that the
spectral peak was caused by the shelf response. It is rational to be due to the
generation mechanism.  So it is necessary to exclude this component hereafter.
All the other components in observation are assumed to be due to amplification by
shelf response and have an equal amplitude component as the incident wave. Thus
we can discuss the correlation relation between some observed spectral peaks except
the original component of 24 min and the calculated amplitude ratios. The coefficients
were calculated and showed against incident angle in Fig. 5. It is reasonable to
identify the maximum value as an incident angle. The value is determined to be
65°4+5° with a high accuracy for Iwagasaki. The coefficients are found for inci-
dent angles of 5°+5° in Esashi, 82°+2° in Mikuni. The deviation added is taken
from a decreasing condition of coefficient to 0.01 for convenience. These solutions
are qualitatively consistent with the graphical ones from the refraction diagrams
by Watanabe (1964), Tida (1965) and Hatori (1965).

Remarks

1. It is possible to identify an incident angle using an incident angle dependence
of the amplitude spectrum. One of identifications is the maximum correlation
between the observed spectrum and the amplitude spectral ratio calculated on
a linear sloping model. The resoluvability depends on a sensitivity of the curve
calculated to an incident angle, that is a changing rate against incident angle.
It is inferred from a comparison of the calculated curve of Iwagasaki with one
of Esashi.

2. Comparison between observation and calculation in spectrum is useful to discri-
minate the original wave components from the wave components amplified on
the shelf. The component wave of 24 min is considered to be due to an
original one because it is found in all the observation points.

3. This method is better than a graphical solution in obtainning an incident
angle without determining the wave origin and in discussing the value quanti-
tatively.

4. Tt is useful to discriminate the best fit model with an appropriate incident
angle in applying a linear sloping model to the observation.

5. The assumption of a straight coast line is reasonable for a long period compo-

nent of spectrum but is less reasonable for a short one. Accordingly the



Abe Incident angle identification from the spectrum
for a tsunami invasion to the shelf 93

more accurate identification is expected with increase in period of spectral peak

in calculation.

Acknowledgement

The author is indebted in the use of x-y reader to Earthquake Prediction Rese-

arch Center, Tohoku Univ.

References

Abe, K. and H. Ishii, 1980, Propagation of the tsunami on a linear slope between two
flat regions, (II) Reflection and transmission. Jour. Phys. Earth., vol. 28, no. 6 (in
printing)

lida, K., 1965, The Niigata tsunami of June 16,1964, General Rep. Niigata Earthquake
of 1964, Tokyo Electrical Engineer. College Press.

Hatori, T., 1965, On the tsunami accompanied the Niigata earthquake of June 16,
1964-Source deformation, propagation and tsunami run-up. Bull. Earthg. Res. Inst.,
Tokyo Univ., vol. 43, 129-148.

Watanabe, H., 1964, Generation mechanism of tsunamis caused by Niigata earthquake.

Bull. Coastal Oceanography, vol. 3, no.2, 31-37. (in Japanese).



	2008年04月11日10時43分21秒
	2008年04月11日10時43分24秒
	2008年04月11日10時43分24秒_000
	2008年04月11日10時43分26秒
	2008年04月11日10時43分27秒
	2008年04月11日10時43分29秒
	2008年04月11日10時43分30秒
	2008年04月11日10時43分32秒
	2008年04月11日10時43分32秒_000
	2008年04月11日10時43分34秒

