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On the Statistical Formula Showing the Maghitude—
" Frequency Relation of Earthquakes

(A Preliminary Report)

“T. Utsu
(Seismological Section, J.M. A)

The coefficient & in Gutenberg—Richtei’s statistical formula,
. log n(M)=a—bM, L
showmg the relation between magnitude M and frequency n (M) of earthquakes w1th magnltude :

- M occurring within a certain limited time and space, is -one of the important parameters which . ¢
characterize the earthquake group considered. In this paper, several practical methods of obtaining
the value of b for a given earthquake group are outlined and preliminary investigations are made

" for estimating the accuracy of & obtamed by vanous methods.

In § 3, the 51mplest method is discussed, i. e., to calculate

‘ " bim=log (m/l)/ (M —Mm) .
as an approxxmate value of 5. (M: and My are the magnitude of the /-th and 7i-th earthquake
respectlvely when the earthquakes are arranged according to magmtude) The accuracy of this method
can be estlmated usmg the formula

Oun(2y=B;_ 1o>bz(" L,D)/B(m— U)
which 'giires the probability that M;— M, does not exceed x (cf. Figs. 3, 4, and 5)..

In § 4, an estimation of the accuracy of "b obtained by’ eyefitting a line to the magnitude-
frequency and magnitude-cumulative freqﬁency diagrams is made by ‘use of experimental magnitude
dlStrlbuthIl data provided from a table of random digits (cf. Fig. 8) ‘

In § 5, the accuracy of b determined by the -method of least squares (Gauss’s method andA
Deming’s method) is dlscuss¢d using the same data.as m—.§ 4 (cf-Fig. 9).-
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Table 1. Frequency = of shallow earthquakes
(depth 80 km and less) with magni-
tude M occurring "in and near Japan
(within the area shown on the index
map ‘(Utsu, 1961, p. 528))in the years
1926 to 1959 inclusive. N is the cumu-
lative frequenency, i.e., the frequency:
of earthquakes with' magnitude M

" and larger.
M n N M n N
6.0 71 352 7.3 4 17
6.1 62 281 7.4 2 13
6.2. 39 219 | 75 3 11
6.3 .35 180 . 7.6 2 8
6:4 24 145 7.7 2 5
6.5 29 121 | 7.8 0 - 4

6.6 25 .92 7.9 0 - 4.
6.7 12 67 8.0 1 4
6.8 14 55 8.1 2 3
6.9 6 41 8.2 0 1
7.0 9 35 | 83 1 1
7.1 6" 26 8.4 and over 0 0
7.2 3° 20
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Fig.1. Magnitude ddta given in Table 1 are
plotted on semilogarithmic graph paper. : .
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The probabilities (in %) that bzm/b does not exceed & are plotted agamst & for

-Fig.,. 3.
various values of m when /=1.
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Fig. 4. The probabilities .(in %) that bim/b does not exceed £ are plotted against £ for various
values of ./ when m=50.
from statistical . expetiments using random digits., These experimental data fit the

theoretical curves very closely.
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The open and solid circles and triangles show the results.
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Table 2.  Magnitude distribution dat.a‘ made
from 100, 000 random- digits.

M 2 M n | M a| M n| M n
0.0 4054 1.0 425 [ 2.0 367 3.0 4 |40 2
0.1.3297 | 1.1 312|211 28 (31 2 |41 2
0.2 2595 | 1.2 22122 22(3.2 3|42 0
0.3 2083 | 1.3 227 |23 23|33 3 |43 1
0.4 1683 | 1.4 173 2.4 15|34 1 |44 O
0.5 1308 | 1.5 136 |25 9|35 0 [45 0
0.6 1021 | 1.6 98|26 16(3.6 2 |46 1
0.7 84217 82[27 3(37.0 |47 0
0.8 665 1.8 5728 8[3.8 1|48 0
0.9 488.[1.9 46{29 439 1|49 0

TS TS
o

Total | 20, 000 .
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Fig. 7. © Several éxambles taken from 400 magnitude-frequeny diégrams made from experi= ‘
" mental magnitude data for which the value of & in population is 1.0.
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Fig. 8. Percentage of cumulative frequency of boss/b for m=50. )
: the curve for bous/b obtained by eyefitting to the magnitude-frequency diagrams,
b the ‘curve for boss/b obtained by eyeﬁttmg to the magnitude-cumulative frequency
dlagrams
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