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A method to predict S—wave spectra on ground surface using P-wave spectra observed in seismic bedrock
was constructed for an application to earthquake early warnings in this thesis

The warnings using P-waves observed by deep borehole seismometers installed in the seismic bedrock
were expected to be issued about 1 s earlier than existing warning systems using P-waves observed by surface
seismometers. In this method, the S-wave spectra on the surface could be empirically estimated by
multiplying P-wave spectra obtained by P-wave records of 5 s observed in the seismic bedrock by both an
averaged spectral ratio of S—wave to P-wave in the seismic bedrock and an averaged S—-wave spectral ratio
of the surface to the seismic bedrock.

Empirical site amplification factors of both S— and P-waves at frequencies of 0.5-10 Hz were evaluated
by applying the spectral separation method to many earthquake records including observations near railway
lines in the Tokyo metropolitan area. The S-wave site amplification factors from the analysis were similar
to the S—wave spectral ratios of the ground surface to the seismic bedrock. The site factors could be
used for the proposed method instead of the S-wave spectral ratios in the area with thick sedimentary
layers. Furthermore, we investigated spatial variation of the P-waves in the seismic bedrock obtained
by dividing the P-waves on the surface by the empirical P-wave site amplification factors. The spatial
variation of the P-wave in seismic bedrock is small with less influence on the prediction in the area
within 20 km from the observation points of P-waves in the seismic bedrock in the Tokyo metropolitan area.

The effectiveness of the proposed method was confirmed by comparing the prediction result with past
earthquake early warnings based on the data observed near the railways during 3 earthquakes which stopped
the railway operation in the Tokyo metropolitan area. The S—wave spectra on the surface could be estimated
earlier than the conventional earthquake early warning method for the 2 earthquakes of magnitude about
6 which occurred in the Kanto area. The amplitudes of the estimated S-wave spectra are in the range 0.5
to 2 times the observation values in many frequencies for the 3 earthquakes.
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