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Appendix 1-1 Analysis Results (Folder RESULT)

1,2,..,n,.. Folder containing analysis results relevant to the nth segment cluster

ave Folder containing data files used in gnuplot plots (files with
statistics of the analysis results in folders 1, 2, ...)

array.png Plot of the array geometry

center.d Work file to store data to plot array geometry

circle.d Work file to store data to plot array geometry

dummy Used in gnuplot plots. A dummy data file that contains nothing

input.mkcrcle center.z.d Input data for the calculation of Fourier coefficients at the
center (UD component)

input.mkcrcle circle.z.d Input data for the calculation of Fourier coefficients around the
circle (UD component)

logfile.mkcrcle center.z.d Execution log of the program to calculate Fourier
coefficients at the center (UD component)

logfile.mkcrele circle.z.d Execution log of the program to calculate Fourier coefficients
around the circle (UD component)

message.sh Work file that contains messages outputted during execution of
the calculations plus a number of parameters

input.chk seism.d Work (input) file for a program that checks the coordinates of
the array data

plot.gnplt Macro to activate gnuplot (to plot analysis results)
wave.png Plot of the waveforms
wavplot Work directory to store data that are decimated to plot waveform data

using gnuplot
plot_array.gnplt Macro to activate gnuplot (to plot array geometry)

plot wave.gnplt Macro to activate gnuplot (to plot waveforms)



segment 3c.d  Segment file describing which segments were extracted from the three-
component measurement data

segment 3c.d.gnpltdat ~ Work data file for drawing waveform data using gunplot

segment z.d Segment file describing which segments were extracted from the
UD-component measurement data

segment z.d.gnpltdat Work data file for drawing waveform data using gunplot

seism.log Execution log of the program to examine array geometry



Appendix 1-2 Analysis Results (Folder RESULT/ave)

PHASE1u 2u.d Phase difference [degree] between two data described in the
seismfile, which are assigned the numbers 1, 2, ... from top to bottom (see ave.info
involved in the same folder for the correspondence between the number and the data). A
mean angle is calculated by the vector sum of the data from all data blocks. The letters e,
n and u denote the east-west. north-south, and up-down components, respectively.

PSDRATIO1u 2u.d Power-spectral ratios of two data described in the seismfile,
which are assigned the numbers 1, 2, ... from top to bottom (see ave.info involved in the
same folder for the correspondence between the number and the data). The letters e, n and
u denote the east-west. north-south, and up-down components, respectively.

SD1u SDlu.d Power-spectral density function. The data described in the
seismfile are assigned the numbers 1, 2, ... from top to bottom (see ave.info involved in
the same folder for the correspondence between the number and the data). The letters e,
n and u denote the east-west. north-south, and up-down components, respectively.

ave.info Rough explanation of how the analysis results were averaged

cmax by nsr.d Upper limits of analyzable phase velocities (UD component)
determined based on the analysis results of Noise-to-Signal Ratios (NSR)

nsr_cca.lwapx.d NSRs (UD component) calculated based on the long-wavelength
approximation of the CCA and SPAC coefficients

pow_noise.d, pow_singal.d Power-spectral density of the incoherent
noise and the coherent signal (UD component), which are estimated by using
SD1u SD1lu.d and nsr_cca.lwapx.d.

spr_cca.d CCA coefficient.

spr_spac RXXmYp.d SPAC coefficient that is defined as the real part of the average
complex coherency. “XX” means the radius or the distance between observation points.
“Y” means the number of observation-point pairs to be averaged.

spr_spac RXXmYp.d.img Imaginary part of the average complex coherency

spr_spac RXXmYpAPX.d Approximated SPAC coefficient when the distances
between two observation points are not uniform although the differences are small. “XX”
means an average distance between observation points. “Y” means the number of
observation-point pairs to be averaged (see Appendix 2).

spr_hv.d Ratios of the power of horizontal motion (sum of the two
horizontal-component powers) to the power of vertical motion



vel cca.d Phase velocities of Rayleigh waves according to the CCA
method

vel nc-cca.d Phase velocities of Rayleigh waves according to the nc-CCA method

vel spac RXXmYp.d Phase velocities of Rayleigh waves according to the
SPAC method (with the definition of the SPAC coefficient as the real part of the average
complex coherency)

vel_spac RXXmYpAPX.d Phase velocities of Rayleigh waves corresponding
to approximated SPAC coefficients (see the explanation of spr_spac RXXmYpAPX.d
and Appendix 2).

* In the above data files, the frequency, the mean value through all data blocks (i.e.,
corresponding to alphanumeric directories), the standard deviation and the number of data
blocks are laid out in the first, second, third and fourth columns, respectively. The “mean”
means an arithmetic mean if not specified. The standard error is calculated by (the third
column)/sqrt(the fourth column)



Appendix 1-3 Analysis Results (Folder with alphanumeric names)

infile.estspec.d Input data for the estimation of spectra (array analysis)
infile.estspec_hv.d Input data for the estimation of spectra (H/V)
infile.estspec_psd.d Input data for the estimation of spectra (power spectral
densities)

logfile.estspec.d Execution log of the program to estimate spectra (array
analysis)

logfile.estspec_hv.d Execution log of the program to estimate spectra (H/V)
logfile.estspec_psd.d Execution log of the program to estimate spectra (power

spectral densities)

seism_coh.log Logfile describing the exact value of the radius (distance)
expression in the SPAC file (e.g.,, “XXm” of either spr spac RXXmYp.d or
vel spac RXXmYp.d). The first and the second lows correspond to “XXm” and the exact
value, respecrively. The nineth row represents “ RXXmYp”.

seism_spacapx.log Logfile describing the approximation condition: “radius_id”
is the ID used for the file name; “radius_ave”, “radius_std”, “radius_cv”, “radius n” are
an average radius, standard deviation, coefficient of variations, the number of radiuses

averaged.



Appendix 2 Approximated SPAC coefficient when the distances between two
observation points are not uniform

Assume that we want to apply the SPAC method but the distances between observation
points are not uniform. In this case, an azimuthal average of the SPAC coefficients cannot
be calculated in an ordinary sense. However, provided that the differences in the distances
are small and the microtremor wavefield is close to isotropic, the azimuthal average of

the N SPAC coefficients p(f) = %2?’:1 p;(f) can be modeled as the zeroth order Bessel
function of the first kind, of which argument is the product of an average distance r =
YN 7, and the wavenumber k(f). i.e.,

N

p(f) = Jolrk(f)].

The above equation makes the estimation of phase velocities more robust than the
estimation based on the data from a two-point array only.

(Explanation)
When the microtremor wavefield is close to isotropic, the i-th SPAC coefficient can be
approximated as

pi(f) = Jo(rik(H)). (1)

An average distance between two observation points r and the perturbation from the
average value Ar; are represented as

1 N
r=Nz' 1ri,Ari=ri—r. (2)
1=

An average SPAC coefficient is represented as

N

,=1Pi(f)- )

L

_1
P(f)—ﬁ

Substituting equations (1) and (2) into (3), we have

1 N
P =57 ). ol +dm)k(DL. ()

Taking the Taylor expansion of the Bessel function J,[(r + Ar;)k(f)] around r and
ignoring the terms higher than the second term, by assuming Ar; is small, we have

Jol(r + Ar)k ()] = Jolrk (D] = k(D1 [rk(H]Ar. (5)
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Substituting equation (5) into (4) yields

1 N
p() =57 ). Tolrk(N] = k() [rie()]an]

k(f)],[rk N
NZ Jolrk(H)] + —(f)JIE,r ()l '=1Ari
= Jolrk(f)].  (6)

Thus, we can obtain

p(f) = Jolrk(f)],

D=5y pf)
r= %Zilri .

where,
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