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PREDICTION OF HIGH FREQUENCY GROUND MOTIONS
USING EMPIRICAL GREEN’S FUNCTION

By Mayumi Sumoro, Kojiro IRIkURA and Tomotaka IwATA

Synopsis

The empirical Green’s function techniques are examined to synthesize high frequency
motions for large earthquakes. The target earthquake is the 1980 Izu-Hanto-Toho-Oki (East
off Izu Peninsula) earthquake with Mjma 6.7. The record of Mjma 4.9 foreshock observed
at each station is used as the empirical Green’s function. First, the mainshock ground motion
is synthesized by Irikura’s method (1986), in which the summation of small earthquake
records is made to match the seismic moment at low frequencies and to obey the w™2-model
at high frequencies. It was already reported that the mainshock and the foreshock have
w~2 source spectral structure. The peak accelarations and velocities and the spectral levels
of the synthetic ground motions give a good fit to those of the observed ones, although the
individual phases do not always correspond to each other. Second, Imagawa and Mikumo’s
method (1982) is applied, using small earthquake records as the empirical Green’s function
by convolving a correction function for the differences in the slip velocity function between
the mainshock and the small earthquake. The slip velocity is assumed to have time depen
dence t-12 with the finite duration (rise time). The resultant synthetic ground motions
are overestimated, compared to the observed ones. This is because the slip velocity function
assumed here may not be fit and/or the uniform slip velocity over the mainshock fault may
be too simplified.
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Table 1. Epicentral coordinates and magnitudes of events used in this study

Origin Time Lat. Long. Depth Magnitude
M D H M (deg.) (deg.) (km) (Mjma)

6 30 16 20 34.904 139.230 17.9 6.7

6 29 12 05 34.934 139.234 18.9 4.9

(after Imoto)

Table 2. Fault parameters of 1980-Izu-
Hanto-Toho-Oki earthquake

fault size 15x8 km
strike angle NIO°W
dip angle 90°

rise time 1 sec
rupture velocity 3.0km/s

Table 3. Locations of stations and the instrument at each station

Lat.(deg.) Long.(deg.) ACkm) Seismograph
OMM 34.60 138.21 99.21 V.S # D. 8§, *
KWN 34.95 139.13 10.47 SMAC-B
NBK 35.20 139.14 33.85 DSA-1 *
SZJ 34.97 138.97 24.86 F. B. A. *8
TTY 34.95 139.90 61.43 SMAC-M2

*1 Muramatu-type Velocity Strong Motion Seismograph
*2 JMA-type Displacement Strong Motion Seismograph
*8 Force Balance Accelerometer
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F1g. 2. (a) The observed velocity seismograms of the mainshock and the foreshock
at OMM. The upper two traces are EW-component and the lower, NS-
component. The left two traces are the mainshock seismograms and the right,
the foreshock ones.
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(b) The acceleratlon seismograms observed at KWN. Displays in figure
is the same as (a).
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(¢) The acceleration seismograms observed at NBK.
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Fig. 8. Comparison of the observed seismogram with the synthesized one at
OMM. The upper trace is the observed displacement seismogram
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Fig. 11. (a) Comparison of the observed seismogram (acceleration) of the mainshock

with the synthesized one by METHOD-1 at NBK. The left and right traces
are EW-component and NS-component.
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Fig. 11. (b) Comparison of the Fourier acceleration spectra of the observed and the
synthesized for the mainshock by METHOD-1. The left and right figures

are EW.component and NS-component.

‘OBS.’ and ‘SYN.’ in the figures

indicate ‘observed’ and ‘synthesized’, respectively.
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Fig. 12. (a) Comparison of the observed with the synthesized seismograms at
SZ]J. The arrengement is the same as that of Fig. 1L
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Fig. 13. (a) Comparison of the observed with the synthesized seismograms
at TTY. The arrengement is the same as that of Fig. 11.
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Fig. 14. Comparison of the observed velocity seismogram integrated from the acceleration
seismogram (the upper trace) with the synthesized velocity seismogram using
integrated acceleration seismogram of foreshock (the lower trace). Each pair of
traces from upper indicates at KWN, NBK, SZJ and TTY, respectively.
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Fig. 15. Comparison of low frequency components of the synthesized
seismogram by the smoothing method with those by METHOD-
2 (CASE 1) at the OMM station. ‘OBS’ and ‘SYN’ in the
figures indicate ‘observed’ and ‘synthesized’, respectively.
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Fig. 16. Comparison of the observed acceleration seismogram with
the synthesized ones by METHOD-1 and METHOD-2
(CASE 2) at KWN. The left three traces are the observed
seismogram, the synthesized ones by METHOD-1 and by
METHOD-2 (CASE 2) from the upper. The right three
figures are their spectra. ‘OBS’ and ‘SYN’ in the figures
indicate ‘observed’ and ‘synthesized’, respe- ctively.

(a) EW-component.
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Fig. 17. (a) Comparison of the observed velocity seismogram of mainshock with
“the synthesized one by METHOD-2 (CASE 2) at OMM. The left two
traces are the observed and the synthesized seismograms of EW-component
and the right ones are those of NS-component.
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Fig. 18. (a) Comparison of the observed acceleration seismogram of the
mainshock with the synthesized one by METHOD-2 (CASE 2).
The left two traces are the observed and the synthesized
seismograms of the EW-component and the right ones are those
of NS-component at NBK.
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(b) Comparison of the Fourier spectra of the observed acceleration
records for mainshock with those of the synthesized ones by METHOD-2
(CASE 2). The left figures are the spectra of EW-component and the
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‘observed’ and ‘synthesized’, respectively.
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Fig. 19. (a) The observed and the synthesized seismograms at SZJ. The
arrangement-in this figure is the same as that in Fig. 18.
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Fig. 20. (a) The observed and the synthesized seismograms at TTY. The
arrangement in this figure is the same as that in Fig. 18.
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(b) The observed and the synthsized
spectra at TTY.
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