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6. Some Problems of the Distribution of
Earthquakes in Time (Part 1)

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

This is the first part of a series of papers dealing with statistical properties of the
occurrence of earthquakes in time. The frequency of earthquakes per unit time interval
which is denoted by 7z and the length of time interval between two successive earthquakes
which is denoted by r are investigated in this paper.

It is well known that, if the earthquake occurrence is a stationary and random
process, r has a neagtive exponential distribution and z has a PoissonN distribution. The
converse is not always true. A good fit of 7 to a negative exponential distribution or
a good fit of n to a PoissoN distribution does not necessarily mean that the earthquakes
are essentially independent events.

Several tens of papers have been published in the last half century concerning the
comparison between observed and theoretical distributions of r or 7z for various earth-
quake sequences. A review of these papers leads to a conclusion that a similar type of
departure from an exponential distribution or a PoissoN distribution is commonly ob-
served for most sequences, but for some sequences a fairly close agreement between
observed and theoretical distributions has been obtained. The latter sequences usually
do not contain remarkable aftershock sequences or swarms.

If the rate of earthquake occurrence is represented by an inverse power law f(¢) =
At? (as in the case of an aftershock sequence), the frequency distributions of ¢ and »
for the data 0<¢t< oo also follow inverse power laws ¢(z)=4k;77% and pm)=kn~" (n=4)
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with a relation g=3—7r=2—(1/p). The equivalence between the two expressions of ?(z)
and p(n) does not always hold, if the above-mentioned assumption for f{(#) is removed.
Distibutions of ¢ for several aftershock sequences fit the inverse power law, but the ob-
served indices ¢, are somewhat larger than the calculated values ¢. from the observed
values of p.

A Z%-test for the goodness of fit to an exponential distribition or a Poisson distribu-
tion has been performed for five earthquake sequences (cf. Figs. 7-12 and Table 2).
These sequences will be investigated from different points of view in later papers. For
the purpose of testing the stationarity and randomness of the earthquake occurrence in
a sequence, a X-test for the goodness of fit of the rate of occurrence to a uniform dis-
tribution with respect to time is a simple and sensitive method.

The occurrence of earthquakes may not be a random phenomenon, though the
apparent randomness is sometimes observed due to mixing of essentially non-random
processes. (to be continued)



