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Graphical representation of the data in Table 1.
Solid circles indicate cumulative frequency.
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Table 1. An example of magnitude data made from random digits.
M n{M)4dM N(M) M n(M)4dM N(M)
0.0 28 100 1.3 3 7
01 10 72 14 1 } 1.33 4
0.2 11 62 1.5 0 3
0.3 6 51 1.6 0 3
04 12 45 17 2 l 0.67 3
0.5 7 33 1.8 0 1 1
0.6 5 26 1.9 0 1
0.7 3 21 20 0 1
0.8 4 18 21 0 1
0.9 1 14 2.2 0 1
1.0 0 13 23 0 1
1.1 4 2.00 13 24 0 1
1.2 2 9 2.5 1 1
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Cumulative frequency of &y/6g and by/by plotted on probability paper.
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Fig. 3. Cumulative frequency of by/bg plotted on probability paper.
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F#5éﬂwéavt%®féékv5:&f55°:@ﬁ&m&mAmwm;ofﬁt&
ERLTHBEENRENT, ZORK I - TRDL NI b D% bs T35, F1EDF —~

33) FHFER; WY 18) o 2%[.
34) K. AKI; Maximum Likelihood Estimate of # in the Formula log N=a—bM and its Confidence

Limits, Bull. Earthq. Res. Inst., 43 (1965), 237-239.
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TR L7 23) R X B FENR VI &S5, s=100, 200, 400 D4 0 Kt Le4
HREEOZ A2 B, {HL s=200 L) Tk DEMING Of/D 2 E/IEOEEL QYR 15
FELRBREC IV, LA LAEOBESZEZIBREBEOHNT SR TNB I L3BL AT
H%,

AEEHHBRIFET LCOOBE L TCh530 3550, ELUNKERT LbhbbIERD A
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Fig. 7. Comparison of cumulative frequency distributions of &;/bg
obtained by various methods for s=50.

B2R Waofkic X bRkt bifby 0 ERFE,
WA s=50, 100, 200, 400 D54

Table 2. Standard deviations of bs/by determined by various methods
for the total number of earthquakes s=50, 100, 200, and 400.

Method — ‘\i\ 50 100 200 400
Eyefitting (Ordinary) 0.190 0.152 0.095 0.066
Eyefitting (Cumulative) 0.188 0.125 0.091 0.071
Connecting two points 0.195 0.155 0.093 0.077
Least squares (GAUSS-I) 0.291 0.180 0.112 0.070
Least squares (GAUsS-II) 0.195 0.135 0.082 0.060
Least squares (DEMING) 0.177 0.112 0.072 0.044
Moment-Max. likelihood 0.134 0.098 0.068 0.043

FCF—~&vy LT, BaDFETHRD b OEOMICILETFO HENED S
M, EQRTF—2ORE s PIGEERIEZOMBIISE DEDL L kv, H8Ka, bik
by & b, by & b ORIOHER% s=50 DBEFT D WTURLEL DT, MEOHEBEOEE, &b
DEOIEL X DRAN—H L ThrdTHA S,
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7~ ZORB S CRELSBIRT 50T, B hi b O s DIEXHEEL TR,
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35) B. GUTENBERG and C. F. RICHTER; #iti 1) » 2% H.
36) H. KawasuMi; il 6).
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37) C. TsUBOI; Rl 14).

38) C. TsUBOI; Determination of the Richter-Gutenberg’s Instrumental Magnitudes of Earthquakes
Occurring in and near Japan, Geophys. Notes, 4 {1951), No. 5, 1-10.
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8. Some Problems of the Frequency Distribution of
Earthquakes in Respect to Magnitude (I)

By Tokuji UTsu
(Department of Geophysics, Faculty of Science, Hokkaido University)

Gutenberg-Richter’s empirical formula
log n(M)=a—bM

expressing the frequency of occurrence of earthquakes as a function of magnitude is one of
a few established laws in statistical seismology. The variations of the value for coefficient
b in this formula with space and time have been suggested by several seismologists.
More than 130 papers were published which included description of the value for & or
other similar parameters such as 7 in Ishimoto-Iida’s formula for various seismic regions
and magnitude ranges. To compare these values for different regions or time intervals
the accuracy of their determinations must first been taken into consideration. The ac-
curacy depends primarily on the total number of earthquakes and the method of deter-
mination employed. The present paper includes: (1) discussions of systematic errors
introduced in collecting and handling the data, (2) a comparison of the accuracy of b&-
values determined by various methods when the data are subjected to only random sam-
pling fluctuations, and (3) re-determinations of the b&-values for various regions in the
world including the Japanese areas from the data published hitherto by many investiga-

73) S. J. DUDA; Strain Release in the Circum-Pacific Belt, Chile, 1960, J. Geophys. Res., 68 (1963),
5531-5544.
74) S. SUYEHIRO; BTH 17).
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tors.
The method used in these re-determinations was proposed by the author in 1964,
which is expressed by the formula

b~ sloge
- ZMi—SMs’

where s is the total number of earthquakes with magnitude M, and larger and X M; is
the sum of magnitudes of the s earthquakes. (When the magnitude is given at intervals
of AM, M, should be equal to the smallest magnitude class substracted by '/,dM.) This
method has been found to be superior to other several conventional methods (e. g. method
of least squares) for its accuracy and simplicity. Monte Carlo method has been used to
confirin this. The accuracy of this method and several other methods can been seen in
the diagrams showing the cumulative frequency distributions of b,/5, (b;: calculated value
for sample data sets, by: value for & in population) plotted on probability paper (¢f. Figs.
2-7). The statistical significance of the difference in b-value between two sets of data can
be judged easily, because the standard deviations of b;/b, are given for various values of
the total number s of the data (¢f. Table 2).

The re-examination of the magnitude-frequency relations for Japanese earthquakes
does not indicate any significant regional variations in b-value between the Pacific coast
side of northeastern Japan and the other areas. A significant difference between two
focal depth ranges (0-30 km and 30-60 km) has been found at 95% confidence Ilimits.
Significant differences in b-value among various seismic regions in the world have not

been confirmed from the data available to the author with only a few exceptions.
(to be continued)



