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ABSTRACT

We examine the feasibility of the prediction of the spatial variation of seismic motion from microtremorts
by comparing the estimates of dynamic characteristics from microtremors with those from seismic motion:
horizontal component spectral ratios(RH), spectral ratios of horizontal to vertical components(HV) and
predominant frequency. We obtain following results from small-array data. (1) The RH of microtremors is
in agreement with those of seismic motion. (2) The RH of seismic motion is not in agreement of the HV of
microtremors. (3) The predominant frequency from microtremors is in good agreement with that from
seismic motions only at sites where spectral peaks are conspicuous. For large-array data, we obtain same

results except for the result (1).
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INTRODUCTION

It is often reported that earthquake damages change greatly even in small areas. Figure 1 shows one
example of recorded seismic motions by the array around the Kushiro JMA station, Hokkaido, Japan. The
diameter of it is about 500 m. The amplitude of horizontal components changes up to 3 times from site D
to site E. This phenomenon of the large spatial variation in amplitude is observed in other arrays (e.g.,
Muto ef al., 1982, Abrahamson, 1985, Kataoka ef al., 1990, Horike ef al., 1990). It is also reported from
the earthquake damage investigation. For example, during the 1993 Kushiro-oki earthquake, approximately
900gal and 700 gal in peak maximum acceleration was recorded only a few tens m apart. The level of the
damage of life lines and houses is largely different from area to area within small region enclosed the JMA
station (e.g., Kashima, 1993). Therefore, this kind of spatial vibration of seismic motions is thought to be a
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pretty general phenomenon and should be considered in the plan of urban earthquake disaster prevention

measures, large-scale structure construction, and microzonation.

There are three basic approaches to predict and estimate the spatial variation. The first one is direct
measurement of seismic motions (e.g., Somerville ez al., 1988). The second one is to use numerical
simulation (e.g., Lamb, 1904; Horike ef al.,1990). However, because earthquake does not occur so often
and numerical simulation needs subsurface structures, the above two approaches are not practical. The final

one is the use of microtremors to cope these problems.

Microtremors are synthesis of slight level vibration generated by human activities such as transportation
and natural sources such as tree vibration and sea wave. Because microtremors are recorded anytime and
anywhere, and observation is inexpensive and simple, the use of microtremor may be feasible to infer the

spatial vibration of seismic motions efficiently.
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Fig. 1. One example of seismograms generated by the Etorofu-To earthquake.
(M=6.0; A=50 Km; 44503N, 151065E; 03:37:141; AUG. 29,1994)

To use microtremors for the inference responses of sediments, we have to confirm that the responses
inferred from microtremors are in agreement with those from seismic motions. However, this kind of study
is very few. In this paper we examine firstly the stability of the spectral ratios from seismic motion and then
the feasibility of the prediction of the spatial variation of seismic motion from microtremors by comparing
directly the estimates of dynamic characteristics from microtremors with those from seismic motion: (1)
Spectral ratios between horizontal components recorded at different sites (hereafter abbreviated as RH), (2)
Comparison of the ratios of horizontal to vertical components between sites (hereafter abbreviated as
RHV) of microtremors with RH of seismic motion. (3) Predominant frequencies inferred from the power
spectra (hereafter abbreviated as PP) and from the spectral ratio between vertical to horizontal components
(hereafter abbreviated as PR).

ARRAY OBSERVATION

Two array (JSKA and CIKA) were deployed at Kushiro city, Japan. Figure 2 shows the station distribution.



The array JSKA locates in the Kushiro plateau. The diameter of the array is about 500 m around Kushiro
JMA, and 8 sites were installed on the plateau, but site D is located at the east side of the Kushiro river.
This array was operated from August 2, 1994 till 29th. The shallow portions of the plateau are composed
of soft volcanic ashes, and a hard Tertiary formation lies beneath it. The size of the array CIKA size
approximately 6 km in east-west direction and , approximately 4 km in north-south direction. Five site of
the array CIKA are in the Kushiro alluvium plains west of Kushiro river, and 2 sites are in the Kushiro
plateau east of the river. The array CIKA were operated from September 1993 till March 1994. The huddle
test for the observation systems showed that spectral responses of all their systems are flat between 0.2-12
Hz and those at JSKA are flat between 0.2-10Hz.

i

Fig. 2. Array configuration in Kushiro city, Japan.

STABILITY OF THE SPECTRAL RATIOS OF SEISMIC MOTION

In this study we estimate two spectral ratios (RH and HV). We examine whether these two ratios are stable
or not; The ratio are independent on seismic events and are dependent on sites. As an example, we
discussed the result of the spectral ratio between horizontal components relative to site A in JSKA. The
spectral ratios (RH) for 8 events are shown in Figure 3. They are concentrated in the range of 1.5 times to
0.7 times of the average at every site whereas they are changing from site to site. This results show that the
horizontal ratios (RH) are stable. It should be mentioned that the ratio HV are also stable and the two
ratios of the array CIKA are again stable.

COMPARISON OF SPECTRAL RATIOS
Spectral Ratio RH

Figure 4 shows the ratio RH with reference to site A of the array JSKA. The spectral ratio of horizontal

components is computed from rms amplitude of NS and EW-components. The ratios RH from



B8/AlHor izontal) 5 C/A(Horizontal) B/Al(Hor izontal)

SPECTRUM RATIO
H

| | ”"i"\f il
1. IS il II 0

1 S 1012 1 5 1012

FREQUENCY (HZ) FREQUENCY (HZ) FREQUENCY (HZ)

Fig. 3. Results of comparison of the spectral ratios RH between seismic
motions relative site A for the array JSKA. Thin and thick lines denote

spectral ratios andaverage, respectively.
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Fig. 4. Results of comparison of the spectral ratios RH with reference to site A
for the array JSKA Thin and thick lines denote average plus and minus
one standard deviation of seismic motions and average of microtremors,

respectively.

microtremors below 7 Hz are in the range of average plus and minus one standard deviation which are
estimated from seismic motions. However, the ratios above 7 Hz are out of range of average plus and

minus standard deviation at some sites.

Figure 5 shows the ratios RH in CIKA with reference to site TTR in the west of array. The spectral shape
is similar to each other , but the values are is quite different in almost all sites. For example, in TEP/TTR,
the ratios from microtremors are ten times larger than those from seismic motions. This result is completely
different from the result of the array JSKA and we discuss it in the final section.

Comparison of the Ratios of RHV of Microtremors with RH of Seismic Motion

Nakamura (1987) insisted that the spectral ratios of horizontal to vertical components are almost same as
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Fig. 5. Results comparison of the spectral ratios RH with reference to site
TTR for the array CIKA. Thin and thick lines denote average plus and
minus one standard deviation of seismic motions and average of

microtremors, respectively.
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Fig. 6. Results of comparison of the spectral ratios RHV from microtremors
and RH from seismic motions for the array JSKA .Thin and thick lines
denote average plus and minus one standard deviation of seismic
motions and average of microtremors, respectively.

the transfer function of sediments to vertical incident S waves below 10 Hz. However, his explanation does
not seem to be reasonable. Therefore, we examine Nakamura's method by comparing the ratio of HV from
microtremors with the ratio RH from seismic motions. Figure 6 shows the comparison of the two ratios
(RHV from microtremors and RH from seismic motions) for the array JSKA. It is clear that they are
different. Furthermore, it should be mentioned that for the array CIKA that the difference of the two
spectral ratios are much greater than that for the array JSKA.

COMPARISON OF PREDOMINANT FREQUENCIES

Comparison of Predominant Frequencies PP and PR

The predominant frequency of sediments has been estimated from microtremor (e.g., Kanai and Tanaka,
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1961; Kanai, 1957; Kanai et al.,1 965;) for the simplicity of observation and analysis. However, it was often
reported that the predominant frequency does not always reflects that of sediments (e.g., Udiwadia and
Trifunac, 1973; Irikura and Kawanaka, 1980; Kagami et al., 1982). In this paper, therefore we compare
predominant frequency estimated from seismic motions with the predominant frequency from the power

spectra of microtremors and from the ratio HV of microtremors and seismic motion.

Figure 7 shows the power spectra of microtremors and seismic motions. We define the predominant
frequency as the peak frequency which appears in the power spectra of all seismic events. It is found that
only if microtremor predominant frequency is conspicuous, it is coincident with the predominant frequency

of seismic motions ( for example see site B).

Figure 8 shows the spectral ratios HV of microtremors and the power spectra of seismic motions. we
obtain the similar result: The predominant frequency of the ratio HV is coincident with that of seismic
motions only if it is conspicuous. The difference is that the predominant frequency of the ratio HV is more

clear than that of the power spectra.
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Fig. 7. Results of comparison of predominant frequency PP for the array JSKA.
Thin and thick lines. denote values of seismic motions and average of

microtremors, respectively.
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Figure 8 Result of comparison of predominant frequency RP for the array
JSKA. Thin and thicklines denote values of seismic motions and

average of microtremors, respectively.



DISCUSSION and CONCLUSION

In this study, we compared three estimates from seismic motion and microtremors recorded with small and
big seismic arrays. They were deployed at two locations where the geological feature and the basement
construction were different. The following results are obtained:

(1) Seismic motion shows strong spatial variations: they change up to 2-3 times in amplitude within small
array located on the plateau composed of volcanic ashes and up to 5 times within the large array located on
a alluvial layer.

(2) The spectral ratios RH of microtremors obtained with the small array(JSKA) is in agreement those of
seismic motions, but the spectral ratios RH obtained with the large array(CIKA) are quite different from
those of seismic motions.

(3) The spectral ratios(RHV) of microtremors are different from the spectral ratios(RH) of seismic motion.
It means that the method proposed by Nakamura is not suitable for the inference of S wave response of
sediments.

(4) The predominant frequencies estimated from seismic motions are coincident with those estimated from
microtremor power spectra and the ratios(HV) only if the spectral peaks of predominant frequencies are
conspicuous. This conclusion is the case for the large array(CIKA). It should be mentioned that the
predominant frequency estimated from the ratios(HV) are more clear than those estimated from the power
spectra. The conclusion(2) suggests that if the spatial constants of incident microtremors spectra is not
guaranteed, the spectral ratios(RH) of microtremors is not useful for the prediction of seismic motions. The
conclusion(4) means that the predominant frequency of seismic motions is possible to estimate from

microtremors only in sediments with sharp interface.

REFERENCES

Abrahamson, N. A. (1985). Estimation of seismic wave coherency and rupture velocity using the SMART
1 strong-motion array recordings. EERC Report No.UCB/EERC-85/02.

Horike, M., Y. Takeuchi and M. Hoshiba. (1990). Analysis of seismic small-scale array data in a
sedimentary basin. Farthq., 2, 43, 43-54.

Irikura, K. and T. Kawanaka. (1980). Characteristics of microtremors on ground with discontinuous
underground structure. Bull. Disas. Prev. Res. Inst., Kyoto Univ., 30-3, 81-96.

Kagami, H., C. M. Duke, G. C. Liang, and Y. Ohta. (1982). Observation of 1 to 5 second microtremors
and their application to earthquake engineering. Part II . Evaluation of site effect upon seismic wave
amplification due to extremely deep soil deposite. Bull. Seism. Am., 72, 987-998.

Kanai, K. and T. Tanaka. (1954). Measurement of the microtremor. Bull. FEarthg. Res. Inst. Tokyo Univ.,
32, 199-2009.

Kanai, K. and T. Tanaka. (1961). On microtremors. VI. Bull. Earthquake Res. Inst., 39, 97-114.

Kanai, K. (1957). The requisite condition for the predominant vibration of ground. Bu/l. Earthq. Res. Inst.,
35, 457-471.

Muto, K., T. Ohta, T. Sugano, M. Miyamura and M. Motosaka. (1982). Analysis of earthquake waves

observed in strong motion earthquake instruments array. 3rd International Conference Seismic



Microzonation, 507-517.

Kashima, T. (1993).The results of analysis of strong motion observed in the Kushiro JAM station during
Kushiro-oki earthquake in 1993. Seism. res. lett., No.128, 45-47.

Kataoka, N., H. Morishita, and A. Mita. (1990) Spatial variation of seismic ground motion at lotung soil-
structure interaction experiment site. Proc of 8th Japan Earthq. Eng. Symp., 1, 607-612.

Lamb, E. H. (1904). On the propagation of tremors over the surface of an elastic solid. Philosophical
Transaction of the Royal Society of London, A203, 1-42.

Muto, K., T. Ohta,T. Sugano, M. Miyamura and M. Motosaka.(1982).Analysis of earthquake waves
observed in strong motion earthquake instruments array. 3rd International Conference Seismic
Microzonation, S07-517.

Nakamura, Y. (1989). A method for dynamic characteristics estimation of subsurface using microtremor
on the ground surface, OR of RTRI 30, No.1, February, 25-33.

Somerville, P. G., and J. P. Mclaren, C. K. Saikia and D.V. Helmberger. (1988). Site-specific estimation of
spatial incoherence of strong motion. Proc. Earthq. Eng. Soil. Dyn. I. Recent Advance in Ground-
Motion Evaluation, 188-202Udwadia, F.E. and M.D. Trifunac. (1973). Comparison of earthquake
and microtremor ground motion in El Centro. California. Bull. Seism. Soc. Am., 63, 1227-1253.



