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1. Introduction

A method for the simple estimation of the magnitude M of local
and near earthquakes from the total duration of oscillation F—P has
been investigated for the observation network of the Wakayama Micro-
earthquake Observatory.

The final formula is applicable to the earthquakes of which epicentral
distances are smaller than 1000km and focal depths not deeper than
60 km with some merits compared with the ordinary method using the
maximum amplitudes.

2. Data

The data used in this paper are:

i) The observational result of the Wakayama Micro-earthquake
Observatory, Earthquake Research Institute, for 1965V, and

ii) The determinations of earthquake origin by the Japan Meteo-
rological Agency (J. M. A.) for the major earthquakes in 1965, in which
the magnitudes were determined by using Tsuboi’s formula®,

M=log (A%+ A%)'+1.73 log 4—0.83, (1)

where Ay, A are maximum ground amplitudes of N- and E-components
(p), 4 is epicentral distance (km).

The observation network of the Wakayama Micro-earthquake Ob-
servatory consists of twelve substations distributed in Kii Peninsula,
southwestern Honshu as shown in Fig. 1 and all the stations except
Kinomoto (a radio telemetering station) are equipped with the short
period vertical seismographs of the same characteristics, i.e.

T,=1.0sec, T,=0.025 sec,
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velocity sensibility=40~120 ¢ kine/mm at 1 to 10 ¢/s, ink writing on a
drum recorder with paper speed of 4 mm/sec with second, minute and
hour marks from the crystal clock as well as hour marks from NHK
radio broadcasting.

Wk: Wokoura
Ar:Arida —
Td:Todoroki

Hd :Hidaka

Kk : Kainokowa

Sk : Shichikowa

St : Sarutani

Hb: Haiborg
in:linan

Is :lse

Gz : Gozaisho

Km: Kinomoto
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Fig. 1. Location map of the seismograph stations of the Wakayama
Micro-earthquake Observatory.

3. Personal errors in reading F—P

Fig. 2 shows examples of the independent readings of F—P for
ten local earthquakes by various interpreters engaged in the routine
work in the Observatory. The magnitude scale given in the figure is
the equivalent one to F—P assuming Eq. (3) which will be stated later.
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Fig. 2. F—P’s independently read by various interpreters (M=M}_ P
by Eq. 4), F,Y,---: initial of interpreter).
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The discrepancies due to personal errors are usually smaller than
+0.3 in the equivalent magnitude, therefore its influence on the de-
termination of magnitude appears to be comparatively smaller than
that preestimated from the difficulty in fixing the end of oscillation F.

4. Constancy of F'—P recorded at short epicentral distances

In Fig. 3, the F—P’s recorded by the Wakayama network are
plotted against the S—P’s for the major felt earthquakes which occurred
in Kinki Distriet in June 1965.

Although there exists a scattering of +0.83~0.4 in the equivalent
magnitude around the mean value, a constancy of F—P in each earth-
quake event with respect to the hypocentral distance may be granted
in a first approximation for short hypocentral distances, say less than
200 km or so, signifying at the same time, the independency of F—P
on the recorded maximum amplitudes.
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Fig. 3. Relation between F—P and S—P, showing the independency of F—P on
the hypocentral distance at short hypocentral distances (M=M%4_, by Eq. (4)).
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5. Formulas determining magnitude from F—P

By analogy with the amplitude-magnitude relation, the following
expression was expected in the relation between the F—P and the
magnitude :

M=a+ B log (F—P)+7(4), (2)

where «, B: constants and 7(4): a function of epicentral distance 4
(or hypocentral distance r more strictly speaking).

Since the third term can be neglected at short epicentral distances
as already mentioned in the previous section, we get a simpler formula
in such case:

M=a+ B log (F—P), (3)

In order to obtain the constants in Eq. (3) suited to the data of
the Wakayama network, the F—P’s recorded at the substations of the
Observatory were plotted against the magnitudes determined by J.M.A.
(M,.) for 83 earthquakes which occurred in and near Kii Peninsula,
as shown in Fig. 4, and it yielded the following equation:

M= —2.36+2.85 log (F—P). (4)

The magnitude obtained by Eq. (4) is designated as M;_p. This formula
nearly coincides with that given by Bisztricsany® (1958), which was
applied to the Sakhalin stations by Solov'ev® (1965), i.e.

M=a+2.25log (F—P), ()

where « is a constant depending on the instrument.

In order to examine the applicability of Eq. (4) to the earthquakes
at larger epicentral distances, the differences M%_,— My, Were plotted
against the epicentral distance 4(km) as shown in Fig. 5, where M7 _» is
the mean value for all the recorded stations and 4 is represented by that
of Sarutani station. There exists a proportional relation expressed by

;*_p—MJMA:O.l’?—0.00l[iA. (6 )
Inserting Eq. (6) in (4), we get the final formula :
M=—2.53+2.85log (F—P)+0.00144. (7)

The magnitude calculated by Eq. (7) is designated as My_p.
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Fig. 4. Relation between the magnitude determined by the Japan Mete-
orological Agency (Myjr4) and the FF—P’s recorded at the substations of the
Wakayama Micro-earthquake Observatory.
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Fig. 5. Relation between the deviation Mp_p—M;y4 and the epicentral
distance 4.
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The results of comparison of M;_, with M,,, for the major earth-
quakes in various parts of Japan are shown in Fig. 6, and are super-
posed in Fig. 7. The numerical results are given in Table 1. From
these figures and table, it is concluded that the final formula (7) is
applicable to the earthquakes of which epicentral distances are smaller
than 1000 km with sufficient accuracy of =+0.2~0.3 (standard error).
The applicability of the formula to the earthquakes deeper than 60 km
has not yet been ascertained since the magnitude is not given by J.M.A.
when the focal depth is deeper than 60 km.

Because the coefficient of the third term is very small, it might
be rather appropriate to use Eq. (4) instead of (7) for the earthquakes
of short epicentral distances say less than 200 km or so, sacrificing a
slight degree of accuracy (almost insignificant compared with the ob-
servational errors) to save trouble to calculate the epicentral distance.

Fig. 8 shows the degree of scatterness of M4%_, calculated from
the data at individual station compared with the mean for the network.
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Fig. 6. Comparison of Mr—p by Eq. (V) with My, for the earthquakes in various
parts of Japan.
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Fig. 7. Comparison of Mp_p with My, for the earthquakes in Japan

excluding Tohoku and Hokkaido.
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Table 1. Numerical result of the comparison M;_, with M.
REGION A (KM) M S.D. N
(1) KIl PEN. AND E PART OF SHIKOKU <130 -0.02 | x0.16 | I6
{2) KINKI AND SW PART OF CHUBU 100~250 | 0.00| *0.22 | 2l
(3) NEAR MATSUSHIRO 340* | +0.03 | *0l2 | 16
{4) NIGATA PREF 400~650 | -0.02 | £0.18 9
(5) KWANTO 300~500 | +0.06 | *029 | I5
(6) E OFF KWANTO 500~750 | 0.00| *o.u8 | I8
{7) W PART OF SHIKOKU AND KYUSHU | 300~550 | +0.07 | *0.13 | 13
WHOLE JAPAN EXCEPT TOHOKU AND <600 40.01 +0.16 | II8
HOKKA!DO
OM = Z{Mpp-Mymal/ N
sD.= J/ TAMZ/IN-D)

Since the scatterness may depend not only upon the background noises
at the stations, but also to some extent upon the skill of the inter-
preter who reads the records, it is desirable to adopt the mean of at
least three stations to secure accuracy of determination.
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Fig. 8. Comparison of Mp_p calculated from the F—P at individual station (SK:
Shichikawa, IS: Ise) and the mean for all the stations.

6. Magnitude determined from F—P and the maximum amplitudes

In Fig. 9, the maximum amplitudes (on a logarithmic scale) recorded
at Shichikawa and Ise are plotted against the magnitude determined
from F—P (My_p), by the network for the local earthquakes near
Wakayama city. Since these earthquakes occurred in a concentrated
domain of about 15km in diameter, they are considered to have been
recorded at nearly a constant epicentral distance at each station (4=80
km at Shichikawa and 150 km at Ise respectively). The proportional
relationship between log Am and Ar_, shown in Fig. 9 implicitly con-
firms the applicability of Eqs. (4) and (7) to the smaller magnitude of
1 to 4.

7. Estimation of the b in magnitude frequency relation
from frequency distribution of F—P

Assuming Eq. (4), we can estimate the coefficient b in the magnitude
frequency relation
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Fig. 9. Relation of the maximum velocity amplitudes (vertical component) recorded
at Shichikawa (SK, 4=80km) and Ise (IS, 4=150km) to Mp_p for the earthquake
swarm near Wakayama city.

log N(M)= const—bM

from the data of F—P obtained at a given station through the following
procedure.

If we count the frequency of earthquakes in the intervals of F'—P
corresponding to the magnitude intervals given by Eq. (4) for the
earthquakes with S—P smaller than a given value (S—P),, it gives the
frequency distribution of magnitude for the earthquakes in a hemi-
spheric domain with a radius of kX (S—P),km from the station, where
k& is the Omori’s constant or Vs_p and then the coefficient b is estimated
by the ordinary method.

Two examples are shown in Fig. 10. The b’s for the earthquakes
with S—P less than 8sec at Arida and Hidaka are estimated in the
figure to be 0.75 and 0.91 respectively. The fact that both values
fall within the range of normal ones obtained by the ordinary method
using the maximum amplitudes implicitly confirms again the approximate
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Fig. 10. Cumulative frequencies of M4 _p calculated from the F—P’s at
Arida and Hidaka for the earthquakes with S—P<3sec.

correctness of the present formulas within the magnitude range of 1 to
3, in which it has not yet been directly ascertained by the comparison
of My_p with M,;.,.

8. Summary and Conclusion

An empirical formula
M=—2.53+2.851og (F'— P)+0.00144

was given for the determination of magnitude from the F—P’s observed
by the observation network of the Wakayama Micro-earthquake Ob-

servatory.
For the earthquakes of short epicentral distances, a simpler formula

neglecting the correction term of 4,
M=—-237+2.85log (F—P)

is more conveniently applied.
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The largest merits of the present method are:

1) Coverage of the wide range of magnitude with a single seis-
mograph, without such troubles as ‘saturation’ or ‘under exposure’
in the case of the maximum amplitudes, and,

2) The simplicity of the treatment, especially for the earthquakes
of short epicentral distances.

With these merits, the formulas can be appropriately utilized for
the simple estimation of the magnitudes of local earthquakes, and for
the selection of earthquakes from the observational data to list up in
catalogue of major earthquakes or to write into the seismicity map.

The studies concerning such problems as the comparison of the
magnitude determined by the present method with that calculated by
the Muramatsu’s formula®, which is applicable to the wide range of
magnitude and currently used by Japanese investigators, the applicability
of the present formulas to the deeper earthquakes, the relations between
F—P and M in the records obtained with the seismographs of different
characteristics, and so on, are postponed to the future.
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