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Temporal Change of Seismic Waves and Earthquake Prediction
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Seismic waves contain much information concerning to the physical properties of the medium in
and around the source region of an impending large earthquake, where microcracks are believed to be
extensively generated in the preparation stage of the event. Theoretical backgrounds and principles
of seismic-wave methods for detecting temporal changes of the medium and their applications are
reviewed with special attention to inherent problems and directions for future studies. The practical
methods are clasified into the following categories: (1) Seismic wave velocity change; (2) Decay rate
change of seismic coda waves; (3) Splitting of S waves; (4) Others including seismic spectra change,

rectilinearity change of P-waves and so on.
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Fig. 1. Seismic velocity changes at Matsushiro,
central Japan. (a) Vp/Vs ratios determined
by the two JMA stations, NAGANO and
MATSUM, with the monthly frequencies for
the matsushiro earthquake swarm, repro-
duced from OuTakEe (1973). The horizontal
bars represent average V,/Vs and the time
range analyzed. The vertical bar indicates
the range less than the standard deviation.
(b) Vp/Vs ratios determined by the three
JMA .stations, NAGANO, MATSUM and
MATSUS. The cross corresponds to each
seismic event. (c) Residuals of teleseismic P
waves from the Nevada test site, reproduced
from Utsu (1973). The broken curve is so
drawn that all points except two (open cir-
cles) fall in the range of +0.2s from the
curve while the amplitude and frequency of
the curve are kept minimum.
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Fig. 2. Geometry of the scattering object, seis-
mic source and observation point.
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Fig. 3. Comparison of energy density functions
between the multiple scattering theory by
HosHia (1991) (solid line) and the energy
flux theory by Frankel and WENNERBERG
(1987) (broken line). The function f(x) is
defined as

Edty="5572 x )

where E¢(¢) is the coda energy density func-
tion and x=guvt.
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Fig. 4. The stacked and normalized waveforms
from the region of Volcano St. Helens, re-
produced from FEHLER et al. (1988). The fre-
quency band is ranging from 6 to 12 Hz.
Note the difference of the decay rate of the
coda waves between before and after the
eruption in 1981.
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Fig. 5. Illustration of the quasi-shear waves, ¢S, and ¢S,, for fast and slow arrivals and an example of
observed splitted shear waves. The waveforms and particle motion are reproduced from Fig. 2 in

CraAMPIN et al. (1990).
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Fig. 6. Temporal change of the rectilinearity of
P waves, reproduced from Morova (1988).
The marks, X, A and O are as follows:

X: >80°

A 80° >8>170°

O: 70° >0

where 6 means the angle of incidence mea-
ssured from the horizon.
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