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Usually, the b value in the Gutenberg-Richter’s” formula,log N=a —bM,
expressing the magnitude frequency relation is determined by the least
squares method. Reecently, Utsu® proposed a different method, in which
b is given by log,e/(M—M,,), where M is the average magnitude and
M, -is the minimum magnitude in a given sample. The purpose of the
present paper is to show that Utsu’s estimate of b is the maximum
likelihood estimate and also to give the confidence limits of the estimate
from a given sample.

We shall deal with earthquakes with magnitude greater than M,
and assume that the probability density function f(M, b') is expressed by

SM, by=be @0, M<M

where b'=b/log,e. Suppose we have a sample of n earthquakes with
magnitudes M,, M,, M,, ..., M,. Then, we define y; and Y by the
following formulas.

J— 6 7
y,-~—a—b710gf(Mi, b),
Y:é y,- .

From the central limit theorem, the distribution function of Y will
be Gaussian if n is sufficiently large and if ¥, has finite mean and
variance. The mean of ¥, is zero, because
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MO Mo
=0.

1) B. GUTENBERG and C. F. RICHTER, Seismicity of the Earth (Princeton, 1954).
2) T. UTsU, read at the meeting of the Seismological Society of Japan, Oct., 1964.
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The variance of y; may be obtained by
E(y)= g Y (M, bYdM=b X (—;)‘T—{—M M) e~V A=) J AT

=1
e

Therefore, the mean of Y will be zero, and the variance of Y will be
n/b*. It follows that the probability ¢ of b'Y/1/ n falling in the range
e dx. For e=95%, d.=1.96

dE
from —d. to +d. is given by 1/_8
and the conﬁdence limits are given by —1.96<b'YV m <1.96, that is,

—1.96<—— b ﬁ( 1 + M,— M)gl 96. This can be rewritten in terms
n i=1

of b as

(1 dg/.l/n)gbg(l"“ds/l/’n)
ZM/% M, EIJM/n M,

1
>.M;/n— M,
solution of Y=0. This is the & value which maximizes the likelihood
function ILf(M;, b'). The corresponding b value is given by the same
formula as Utsu’s.

The following table shows the values of d./v/n for various ¢s.
They show one half of the interval between the confidence limits in
fraction of the b value estimated.

The central value of b (: ) in the above range is the

Table 1. values of d./v/n for various €'s.

| o5 | o8 | 0% | 05 0.98

50 090 181 ! .233 .277 .329
100 067 128 165 .196 .233
200 048 | .091 116 .139 .165
500 .030 057 .075 .088 .104

1000 021 | 041 .052 .062 .074
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