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Comparison of Spatial Autocorrelation Method and Frequency-Wavenumber
Spectral Method of Estimating the Phase Velocity of Rayleigh
Waves in Long-Period Microtremors

By Hiroshi OKADA, Takeshi MATSUSHIMA and Eiji HIDAKA
Department of Geophysics, Faculty of Science, Hokkaido University
( Received November 21, 1986 )

A comparison was made of the spatial autocorrelation method (SAC method) developed by AKI
(1957) and the frequency-wavenumber spectral method (F-K method) by Caron (1969), which have
often been applied to long-period microtremors from which the phase velocity of Rayleigh waves due
to underground structures over a depth of several hundreds of meters may be derived. The compari-
son is to test whether these methods provide the same phase velocity within the given period range
when the methods are applied to data of microtremors observed at the same site.

SAC method was applied to the data obtained at a site in the campus of Hokkaido University,
where the observation of vertical component of long-period microtremors was made for two different
radii, 200 m and 300 m of a special circular array, consisting of three seismometers equally spaced on
a circle and one seismometer at the center.

For applying F-K method to the microtremors, a seismic array consisting of eight vertical
seismometers was placed at the same site where the maximum distance between seismometrs is
1,500m.

From SAC method applied, the azimuthally averaged correlation coefficient, which is called the
spatial autocorrelation coefficient, was estimated at each frequency of interest by averaging the
correlation function between each of the seismometers on the circle and the one at the center. The
phase velocities were determined from the zeros, maxima and minima of the autocorrelation
coefficients in the period range from 0.9 to 1.4 sec, which were in close agreement with those by F-K
method in the same period range. F-K method, however, could provide the phase velocities up to a
period of 2.3 sec beyond the above period range.

After correcting different characteristics of the output of observing systems which may be due to
different gains of amplifiers and different coupling of seismometers with the ground surface, the
averaged autocorrelation coefficients were extensively used to determine the phase velocities over the
period range from 14 to 2.3 sec. The phase velocities thus obtained in the extended period range
were in close agreement with those by F-K method.

The comparative test was also made at a site, Oyafuru in Ishikari Plain near Sapporo City. In
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the period range from 0.8 to 3.2 sec, within which the power spectrum of the microtremors is
sufficiently high, a good agreement was obtained between the phase velocities by SAC method and
those by F-K method, by which an S-wave-velocity structure down to a depth of 2,000 m was
successfully estimated.

In conclusion, SAC method can be highly rated as one of the excellent methods in deriving the
phase velocities with periods longer than 1 sec from long-period microtremors, since in the observation
SAC method requires such a simple circular array as consisting of only four seismometers placed and
both data processing and calculating procedure in the method are extremely simplified as compared
with those of F-K method.
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Fig. la. Seismic arrays spread out in the campus of Hokkaido University for
applying spatial autocorrelation method (SAC method) and frequency-
wavenumber spectral method (F-K method) to derive the phase velocity of
Rayleigh waves from the observation of long-period microtremors.
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Fig. 1b. Seismic arrays spread out at a site in Oyafuru, Ishikari Plain.
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LONG PERIGD MICROTREMORS OBSERVED BY A TRIPARTITE ARRAY AT OYAFURU.
: 02HS0M, 09 JUN. 1384
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Fig. 2. An example of long-period microtremors recorded for 614.4 sec with three seismometers placed on
a circle of a seismic array for SAC method in Oyafuru, Ishikari Plain.
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Fig. 7. Phase velocities of the fundamental mode of Rayleigh waves obtained in Oyafuruy, Ishikari Plain.
Open circle is the phase velocity obtained from the spatial autocorrelation coefficient at frequency
lower than that of the first zero of the coefficient.
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