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0.4 1.070 0.935 0.814 0.902 1.0 1.407 0.706 0.331 0.575
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4. Some Problems of the Frequency Distribution of
Earthquakes in Respect to Magnitude (II)

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

If the magnitude of an earthquake can be regarded as a random sample from
a population whose magnitude distribution is expressed by log n(M)=a—bM, the proba-
bility that the magnitude of the nth largest earthquake takes a value between M, and
M,+dM, is given by
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(M) dM, = L4 1 edM,,
where

A = nlo—b(Mn_M:) ,
and

bM} = a—log (nb 1n 10) .
The cumulative distribution of g,(M,.) is
Gu(M,) = I (n, )T (n) .

The probability that the magnitude difference between the Ilth and the mth largest
earthquakes falls in the range between x and x-+dx is given by

— 1!
Gim(@) dz = (lf 11’; !187(:’_2_ T2 10705110441 d.

Its cumulative form becomes
Qun(x) = Biyo-tz(m—1, 0)|Bm—11).
The distribution function of the &-value calculated from the formula

b sloge

= T M,—sM, (Eq. (23) in Part 1)

can be obtained theoretically, and it is also shown that
A= 25by/b (bo: value of b in population)

is distributed by the x*distribution with 25 degrees of freedom.

The statistical test for the difference in b-value between two earthquake groups A
and B can be made by comparing the ratio of the two b-values bp/ba (assuming ba <bg)
with the F.statistic with 254 and 25z degrees of freedom at a prefixed confidence level.

The values of magnitude are sometimes given at intervals of 1/4 or 1/2 unit. In
such cases the b-value calculated from Eq. (23) is systematically smaller than the value
in population. The correction for this has been described (¢f. Eq. (80), and Table 3).

The dependence of b-value estimated by the method of least squares on the total
number of earthquakes may be apparent, whereas the b-value estimated by using Eq. (23)
with above-mentioned correction do not deviate systematically from the value in popula-
tion regardless of the total number of data.

The errors in magnitude determination do not bias the b-value if they are independent
of the magnitude level, but they affect the accuracy of b-value in such a way that they
increase the lower limit of magnitude above which the data are homogeneous.

It is said that log n(M) vs M plots shows more frequently an upward convex pattern
than upward concave one. It seems difficult to explain this phenomenon on a purely
statistical basis. It may be related to the nature of earthquake occurrence, provided that
the plotted data are free from such defects as omissions of small earthquakes, non-linear
characteristics of seismographs, etc.

Assuming the relation between magnitude and energy in the form of log E=a-+3M,
the distribution of the total energy of an earthquake group has been discussed. Several
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largest earthquakes account for the greater part of the total energy of the group and the
contributions from the minor earthquakes are very small despite their large numbers.
On the other hand, the idea that the sum of the square roots of energies represents
the strain release is not acceptable, because the sum is seriously affected by the lower
limit of magnitude chosen for summation.

It may be important to make a special consideration of the magnitude-frequency
distribution of aftershocks, since the aftershocks comprise a large percentage of all
earthquakes for small-magnitude ranges. The idea that the magnitude distribution for
primary earthquakes may differ from that for aftershocks must be examined on more
observational data.



