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ABSTRACT

This paper investigates the bivariate distribution of data consisting of earthquake
magnitudes and the time-interval between earthquakes, to see whether the two
variables are independent of each other. In searching for an association with magni-
tude, we consider time interval after an earthquake as well as the time interval before
the earthquake. The characteristics of the interdependence between time interval At
and earthquake magnitude M could be investigated using the statistical and prob-
abilistic approaches. In the statistical approach the data for 250 successive earth-
quakes felt in Mexico City with magnitude 4.5 or greater, are used to compute the
x2-statistic to test the independence between the two variables. In the probabilistic
approach we follow Suppes (1970) and as a measure of the probabilistic association
we use an estimate of the earthquake conditional probabilities P(At/M) and P(M|AT)
obtained through the application of bivariate distribution theory. The investigation
revealed that there is some association between earthquake magnitude and the suc-
cessive (after) time interval. There is no statistical evidence that the successive earth-
quake magnitude characteristics depend upon the preceding (before) time interval.
However, from the probabilistic view point if the length of the preceding time interval
increases, then, the probability of the occurrence of a successive large earthquake

increases.

Introduction

The problem of the statistical dependence
between earthquakes has been investigated by
means of the distribution of shocks in time, by
several earthquake scientists, Omori (1894),
Jeffreys (1938), Conrad (1932), Aki (1956),
Knopoff and others. Lomnitz (1966) gives a
concise summary of the studies of the statistical
dependence between earthquakes.

Recently, Ogawara (1965) examined the pre-
diction of the time interval before the next
felt earthquake occurs at Tokio. Ogawara
pointed out that a conditional prediction is
derived under the condition that there was no
earthquake since the last one up to the present.

More recently Prochdzkovd (1973) has pointed
out that from the point of view of long-term
prediction it is necessary to determine the time
when strong earthquakes may be expected in
a certain area of the region under investigation.
Prochdzkovd (1973) discussed this problem
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studying the determination of space and time
tendency in the occurrence of earthquakes.

In this paper we suggest that before entering
into any detailed investigation of the possibility
of predicting time and magnitude of occurrence
of major earthquakes, it is convenient to in-
vestigate whether or not the two variables,
time interval and magnitude, are independent
of each other. We applied two methods in test
of independence. In method I, we first deter-
mine the theoretical frequencies from the mar-
ginal totals and compute the y*-statistics to
check the statistical association between the
two variables. In method II, we follow Suppes
(1970) and independence is investigated using
the concepts of earthquake conditional prob-
abilities P(At/M) and P(M/AT). Finding these
probabilities, may be interpreted as a first step
in earthquake prediction because with the help
of the computed values we can draw conclu-
sions about the occurrence of a large earthquake
and the time necessary until the occurrence of
the next earthquake. '
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Basic statistical and probabilistic concepts

Distributions of a set of values of observa-
tions over one variable are commonly used by
seismologists. However, from the point of view
of earthquake prediction it is suggested to con-
sider seismology as a field of inquiry concerned
with how seismic variables affect each other
and what the relationships or laws are among
these variables. In this line and in order to
investigate the relationships between earth-
quake magnitude M; and length of successive
time-interval At, for Mexico City earthquakes,
we turn from the one-variable distribution
theory to the joint distribution theory of two
variables.

Let the set E ={e,, e,, ..., ey} be our earth-
quake sample space (with N members) and
suppose that the set of earthquakes was meas-
ured with respect to two variables, the earth-
quake magnitude M,; and the successive time-
interval At;. Since the data are to be classified
according to two criteria in a contingency table,
the columns classify the earthquakes according
to their successive time-interval while the rows
classify the earthquakes according to their
magnitude (Richter scale).

To determine the theoretical basis of the
problem, let the variable y; stand for the suc-
cessive time-interval Az;, to belong to the jth
column (where §=1, 2, ..., ¢) and the variable
x; stands for preceding earthquake magnitude
M, to belong to the ith row (where ¢ =1,2,...,r).
Furthermore, let F;; be the observed frequency
to belong to the ¢th row and the jth column.

In this paper one question has to do with
how well we can measure the strength of the
statistical relationship between the two vari-
ables as is measured by a x*-test. The second
question has to do with how well we can measure
the probabilistic relationship between the two
variables if we use the earthquake conditional
probability P(At/M).

Since the objective is to test a hypothesis,
it is necessary to state the hypothesis explicitly.
The original hypothesis is that the classifica-
tion of the columns and rows are related. The
x2-test is used in testing hypotheses by compar-
ing observed or experimental data to theoretical
frequencies based on a hypothesis. To establish
the necessary theoretical frequencies to provide
the basis for a chi-square computation, the null
hypothesis is used. This null hypothesis is the
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opposite of the original hypothesis and thus
assumes independence of classification or that
the classification of the rows is unrelated to
that of the columns.

For calculating x2, we first determine the
theoretical or expected frequencies f;; for each
cell from the rows and column totals. Generally,
the theoretical frequency f,; for each cell based
on the null hypothesis is

;T

f1/= — (1)
T

where

7; = total of the number of observations in the
row containing the specified cell; found by
adding across the row

7, = total of the number of observations in the
column containing the specified cell; found
by adding down the column

7 = total number of observations in the entire
contingency table, i.e., the total set of
ordered pairs (x;, ¥;)-

The value of the chi-square is obtained from

2_ (fij — Fi/)2:| 9
r=2 [—Fﬂ (2)

The total number of terms in the y2? equation
is, of course, equal to the number of boxes,
and the calculated 2 is their sum.

Finally the level of confidence must be chosen;
then the degrees of freedom together with the
values of x? determine the acceptability of the
assertion under the confidence limit chosen.
The appropriate degrees of freedom, is cal-
culated from

degrees of freedom = (r —1)(c — 1)

The number of row less one multiplied by one
less than the number of columns.

Having determined conditions to test sta-
tistical dependence between the two variables
At and M, we now proceed to study the theo-
retical basis to measure the probabilistic de-
pendence. To do this we follow Suppes (1970)
and we use the definition of the earthquake
time-interval conditional probability P(At/M)
to measure the probabilistic dependence.

Following Mode (1966) the contingency table
defines a bivariate or joint probability function
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P(X, Y), i.e. the probability of ¢th row and the
jth column, whose sample space is the set of

ordered pairs {(z;, Y1), (T, Ya), -or (T4 Y5)s o2}
so that

P(X =Ty Y- ."//) =pU(xi¢ yj)
1=1,2,3,..,n75=12,..,¢ (3)
the marginal probabilities are

pylx;) = P(X = a;), i.e. probability of ith row
ignoring column and

pi(y;) = P(Y =y;), i.e. probability of jth column
ignoring row.

Next, following Mode (1966) the conditional
probability function of X and Y are

HWW=%%? (4)
I%wMo=p§;?) (5)

where the marginal probabilities p(x;) and p(y;)
are

P(e) = 2 Pl y) (6)
Py, = ;1 P, ;) (7

Finally, using the relative frequency theory,
the joint probability distribution p(x;, y;) is
defined as the fraction of members of the earth-
quake sample for which each one not only has
the value x; but also has the value y,:

X
Py ?/f) = ,u,_,(Nﬁ—Y) (8)
where the set u; (X n Y), i.e., the intersection
of set X = {x,;} and the set ¥ = {y,), is the fa-
miliar subset of earthquake events which has
both a magnitude x,=M; and a successive
time-interval y; = At,.

Description of earthquake data

The data used in this study is based on Fer-
raes’s Catalogue (Ferraes, 1973) for the period
1941 to 1968. These data were supplemented
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by listing from bulletins of the United States
Coast and Geodetic Survey and Bulletins of
the Servicio Sismologico Mexicano to include
earthquakes up to 1971. These earthquakes are
a series of discrete main normal earthquake
events (focal depth smaller than about 70 km),
and they have epicenters apparently concen-
trated in a narrow seismic region around Mexico
City, which extends from longitudes 96° W to
105° W and latitudes from 16°N to 19°N,
and with magnitudes ranging from 4.5 to 8.0.
The seismic area was chosen taking into ac-
count the geographical location of the epi-
centers of the earthquakes felt in Mexico City.

To avoid biase statistics because of the pres-
ence of aftershocks and foreshocks in the cata-
log, earthquakes appear as discrete events, and
we have eliminated aftershocks as far as we
can. Unfortunately, we can never be sure that
our earthquake samples are genuinely repre-
sentative, but we can do our best to avoid
unrepresentative aftershocks (and foreshocks).

We have selected our earthquake sample
according to the following standard.

(a) An earthquake whose epicenter is in-
cluded in the geographical area with latitudes
16° N and 19° N, and with longitudes 96° W
and 105° W,

(b) An earthquake whose focal depth k is smal-
ler than about 70 km.

(¢) An earthquake whose magnitude M ranges
from 4.5 to 8.0 (Richter scale).

(d) An earthquake which is not a foreshock
or aftershock of another large magnitude main
event.

Following Knopoff & Gardner (1972) the
separation of aftershocks (and foreshocks) of
any large magnitude main event has been made
empirically. Although there is not a proper
definition of an aftershock (and foreshock) we
shall use the principal properties of aftershocks
(and foreshocks) sequences as are described
empirically by Mogi (1963). Following Mogi,
the aftershock is distinguished from other
normal earthquakes according to the following
standard:

1. The epicenter of the aftershock locates
nearly at the place of the main shock or within
an estimated aftershock region of the principal
shock.

2. After a large earthquake, remarkable after-
shocks frequently occur immediately after and
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their number decrease gradually during an
estimated aftershock duration.

3. The aftershock magnitude decreases more-
or-less gradually.

In Mexico City we determine the aftershock
region of the principal shock using the data of
length of aftershock zone L, as given by Gi-
bowicz (1973). To identify the aftershock
magnitude and time-interval we use the after-
shock identification filter as described by
Knopoff & Garner (1972).

Foliowing Mogi (1963) the foreshocks cor-
respond to cases where the seismicity in the
epicentral region of a principal earthquake in-
creases prior to the earthquake and where there
are often numerous aftershocks. In this case
we applied the same method. In addition we
applied Mogi’s suggestion that the foreshocks
are clearly distinguished from the principal
earthquake, when the seismicity at the epi-
central region of the principal earthquake in-
creases after a long calm state or when the
seismicity increases abruptly or remarkably.

Therefore, we cannot attribute the deviation
from independence of M on At to the presence
of aftershocks (and foreshocks).

The discussion of the completeness of the
data-set is critical to the analysis. Ferraes (1968)
discussed the question of the reliability of re-
porting all shocks in Mexico City area, espe-
cially in the lower magnitude ranges, and he
concluded that the reliability of reports of
shocks in the Mexico City area, from 1941 to
1968, is limited to those of shocks of M = 4.5
and that shocks of M < 4.5 are not plentifully
enough reported.

Ferraes (1973) has discussed the detection
capability according to magnitude and epi-
central distance based on data of the U.S. Coast
and Geodetic Survey, and he concluded that
especially at distances of the order of Mexico
City and for large shocks (M > 4.5) the shocks
in the Mexico City area are plentifully reported.

Relationship between magnitude and
succesive time—interval

In this section we shall deal with the applica-
tion of the techniques described previously for
investigating relationships between the two set
of variables, earthquake magnitude M and
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successive time-interval Az from the same sample
of earthquakes. As we have seen two methods
for determining the relationship will be dis-
cussed below.

A. Analysis of statistical tndependence
between M and At

In the theoretical section we saw how the
x2-statistic could be used to test of dependence
(and association). In this class of test we test
the hypothesis that two variables are depend-
ent of each other. To do this, first the sequence
of 250 successive earthquakes magnitudes are
arranged in order of increasing M (Richter
scale) and grouped into a number of convenient
sized classes with intervals of magnitude AM =
0.4. On this point Furumoto (1966) has pointed
out that the scatter is reduced using intervals
of magnitude AM =0.5 and for purposes of
prediction there is no loss of information by
using this interval.

Secondly, the sequence of successive (after the
earthquake) time-intervals amplitudes Az, =
t; — ¢, (in days) are measured and grouped into
a number of convenient sized classes. The
shortest length of time-interval was found to
be 1 day and the longest one was about 1 year
(we dropped two unusual earthquakes one with
At = 468 days and the other with At = 491 days).

Table I gives the observed frequencies F; of
our earthquake population every member of
which bears one of the values of the earthquake
magnitude M, versus the successive time-inter-
val. The Mexico City earthquakes are grouped
according to class-intervals of the two vari-
ables, therefore, we have an observed bivariate
frequency-distribution.

To determine the necessary theoretical fre-
quencies to provide the basis for a chi-square
computation, the ‘“null hypothesis” is used.
This null hypothesis assumes independence of
classification or that the classification of the
rows is unrelated to that of the columns. If
the null hypothesis can be disproved, the original
hypothesis must be true, since there is no other
alternative.

To compute the expected frequencies f,, for
each cell we use Table 1 and formula (1). The
theoretical or expected frequencies are shown
in parenthesis in each cell of Table 1. Next to
perform the y*-test we use formula (2). The
computation form is shown in Table 2, using
the numbers from Table 1.
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Table 1. Contingency table of preceeding earth quake magnitude M versus successive timeinterval At,

of Mexico City earthquakes

Observed and theoretical frequencies

To At (days)

From M, 0-60 60-120 120-180 180-240 240-300 300-360 7,

4.6-5.0 110 10 3 0 0 0 123
(103.73) (11.38) (5.93) (0.98) (0.49) (0.49)

5.1-5.5 56 9 1 0 1 0 67
(56.50) (6.96) (3.22) (0.53) 0.27) (0.27)

5.6-6.0 25 2 5 0 0 0 32
(26.99) (2.95) (1.54) (0.26) (0.13) (0.13)

8.1-6.5 12 1 2 1 0 0 16
(13.50) (1.48) (0.77) (0.13) (0.06) (0.06)

7.1-7.5 3 1 1 0 0 1 6
(5.01) (5.06) (0.29) (0.05) (0.03) (0.03)

7.6-8.0 0 0 0 0 0 0 0
{0.00) {0.00) (0.00) {0.00) (0.00) (0.00)

7, 210 23 12 2 1 1 =249

Table 2. Calculation of x® to test the hypothesis that preceding earthquake magnitude M, and successive

length of time-interval Al are independent

To Al

From M, 30 90 150 210 270 330 TU

4.8 0.37 0.16 1.44 0.98 0.49 0.49 3.93
5.3 0.00 1.28 1.53 0.53 1.97 0.27 5.58
5.8 0.15 0.31 7.78 0.26 0.13 0.13 8.76
6.3 0.17 0.16 1.97 5.82 0.06 0.06 8.24
6.8 0.01 0.46 0.24 23.04 0.02 0.02 23.79
7.3 0.81 3.25 1.74 0.05 0.03 31.36 37.24
TU 1.51 5.62 14.70 30.68 2.70 32.33 x?=87.54

In view of the fact that the number of earth-
quakes listed in Table 1 for the 1940 to the
1971 period indicate that no shocks of magni-
tude 7.6 to 8.0 occurred in this time-interval,
the classification, in the y2? contingency table
has only six convenient magnitude intervals.

Since we have a 6 x 6 table with its 4 rows
and 5 columns, degrees of freedom would be
5 x § = 25. If we look up the resulting value of
%2 (87.54) in Fisher’s Table of x* for 25 degrees
of freedom, we find that P is much less than
0.01. This means that we can reject our null
hypothesis with great confidence; in other
words, if our earthquake sample is typical, the
successive time-intervals are not independent
of the preceding earthquake magnitude, but there
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is some association between the two variables.

One of the weaknesses of the x? technique
is that it does not tell us the degree of such
association. However, if we examine Table 2,
it is clear from the row that the heaviest con-
tributions to x* were made by the strong earth-
quake groups which showed the largest earth-
quake magnitudes (M;=6.8 and M, =1.3).
And from the column totals we see that the
deviations from the null hypothesis of inde-
pendence are most marked in the time-intervals
with mean lengths At, = 210 days and A¢, =330
days. Therefore, this fact suggested the con-
clusion that the occurrence of a large earth-
quake increases the time-interval until the next
large magnitude main event occurs.
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Table 3. The observed joint probability distribution of the earthquake magnitude M, and thesuccessive

time-interval Af;

Computed from Table 1 and formula (8)

To Y = Ai; (days)

From X = M, 30 90 150 210 270 330 plz,)
4.8 110/249 10/249 3/249 0/249 0/249 0/249 123/249
5.3 56/249 9/249 1/249 0/249 1/249 0/249 67/249
5.8 25/249 2/249 5/249 0/249 0/249 0/249 32/249
6.3 12/249 1/249 2/249 1/249 0/249 0/249 16/249
6.8 4/249 0/249 0/249 1/249 0/249 0/249 5/249
7.3 3/249 1/249 1/249 0/249 0/249 1/249 6/249
Py, 210/249 23/249 12/249 2/249 1/249 1/249 1

B) Analysis of probabilistic dependence
between M and At

Suppes (1970) proposes that one event is the
cause of another if the appearance of the first
event is followed with a high probability by
the appearance of the second. This fundamental
idea suggests that we use the earthquake con-
ditional probability to measure the probabilistic
dependence between the earthquake magnitude
M and the successive time-interval At.

In a practical sense the relative frequency
that A¢; occur among those times that M,
occurs, approximates what we should like to
call the successive time-interval earthquake
conditional probability that A¢; occurs, given
the information that M, occurs and is estimated
by formula (5). Further, note that to compute
the joint probability P(z;, y;) one may use
formula (8). To do this we identify magnitude
class by midpoint magnitude M; and succes-
sive time-interval class by midpoint amplitude
of successive time-interval Af;. Finally, we

Table 4. The successive time-interval versus
earthquake magnitude conditional probability
P(AZ;/ M), calculated from Table 3 and formula (5)

To Af,

From

M, 30 90 150 210 270 330
4.8 0.89 0.081 0.024 0.00 0.00 0.00
5.3 0.84 0.13 0.015 0.00 0.015 0.00
5.8 0.78 0.063 0.156 0.00 0.00 0.00
6.3 0.75 0.063 0.12 0.063 0.00 0.00
6.8 0.80 0.00 0.00 0.20 0.00 0.00
7.3 0.50 0.17 0.17 0.00 0.00 0.17

calculate the joint probability Pz, y;) from
Table 1.

Note that from the joint probability P, (z;,y,)
one may obtain P(x;) using formula (6). We
have these estimated values in Table 3.

Finally to complete the procedure of the
bivariate distribution to compute the successive
time-interval earthquake conditional probability
P(Af,/M,), we use the preceding Table 3 and
formula (5). The computation is shown in
Table 4.

Note that we can throw some light on the
particular relationship if we examine the values
of the earthquake conditional probability given
in Table 4. To do this it is important to recall
that the value of the successive earthquake
time-interval conditional probability of an
event ranges from zero to one inclusive. If the
total success is certain then the probability
equal 1 and if the success is impossible then
the probability equal zero.

Using the preceding ideas for the analysis
of Table 4, we notice that the conclusion we
would draw would be that the occurrence of a
very large earthquake (M > 6.3) increases the
length of the time-interval until the next main
earthquake event occurs; or alternatively, it
decreases the probability that the next earth-
quake will be within 30 to 90 days. However,
note that the probabilistic association or rela-
tionship, between earthquake magnitude and
successive time-interval, stands out most mark-
edly, in six cells: the 30 days time-interval cells
for all the earthquake magnitude groups. This
is, in general, the occurrence of a main earth-
quake (M > 4.5) increases the probability that
the next earthquake will be within 30 days,
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Table 5. Contingency table of preceding length of time-intervals AT versus successive magnitude M of

Mexico City earthquakes

Observed and theoretical frequencies

To X =M;
Z=AT, 4.6-5.0 5.1-5.5 5.6-6.0 6.1-6.5 6.6-7.0 7.1-7.5 T
0-60 111 53 24 10 5 3 206
(106.38) (52.33) (26.58) (12.48) (4.15) (4.15)
60-120 11 9 3 1 0 1 25
(12.94) (6.35) (2.82) (1.51) (0.50) (0.50)
120-180 3 1 4 2 0 0 10
(5.19) (2.54) (1.29) (0.60) (0.20) (0.20)
180-240 0 0 1 1 0 0 2
(1.03) (0.50) (0.26) (0.12) (0.04) (0.04)
240-300 0 1 1 1 0 0 3
(1.55) (0.76) (0.39) (0.18) (0.06) (0.06)
300-360 1 0 0 0 0 1 2
(1.03) (0.50) (0.26) (0.12) (0.04) (0.04)
¢ 128 683 32 15 5 5 7 =248

an interpretation of this result suggests that
the actual earthquake series of more-or-less
large magnitude earthquakes around Mexico
City has the tendency to occur as swarmsrather
than to be isolated from each other. Therefore,
to solve the earthquake prediction problem it
is necessary to predict the occurrence of earth-
quake swarm. A similar interpretation has been
suggested by Aki (1965) based in theoretical
studies.

Relationship between time—interval and
successive magnitude

In this case note that for our same sample
E of N earthquake events forming the set of
magnitude X = {M,}, with ¢=1,2, 3, ..., N; for
each element of the set X = {M,}, one observes
the preceding time-interval. We denote the set
of preceding time-intervals by Z = {AT),} where
k=1,2,3,..,N—1. Next, we shall deal with
the application of the described techniques for
investigating relationships between the two
sets of variables Z = {AT,} and X = {M,} from
the same sample E of earthquakes around
Mexico City.

In interpreting the formulas and results we
should keep in mind that for each element of
the set X = {M,} corresponds one preceding
time-interval z, = AT), and one successive time-
interval y,=A¢; and the analysis of the data
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show that in general for each earthquake, the
length of preceding time-interval AT}, is signifi-
cantly different from the length of the succes-
sive time-interval Af;,. In other words, this
implies that the set of all the pairs of elements
having the property that the time-interval AT},
preceded the magnitude M, i.e. the intersec-
tion of Z n X = {AT}} n {M,} and the set of all
pair of events having the property that time-
interval At, precede the magnitude M, i.e. the
intersection of Y n X = {Az} n {M,), are not
identical because they do not contain the same
pairs.

As we have seen, in the theoretical section,
two methods for determining the relationship
between the preceding time-interval z, =AT,
and the magnitude z; =M, will be discussed
below.

(a) Analysis of statistical dependence
between AT and M

Again, in this section, we like to use the x*-
statistic to indicate the degree of statistical
dependence between the preceding time-interval
AT and the earthquake magnitude M.

In order to determine a scatter or frequency
table for the two variables z, = AT, and x; = M;
first, we consider the sequence of 250 successive
earthquakes the magnitudes of which are ar-
ranged in order of increasing M (Richter scale)
and grouped into a number of convenient sized
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Table 6. Calculation of chi square for testing the hypothesis that earthquake magnitude M i3 indepen-
dent of the preceding time-interval AT

ToX=M
From
Z=AT, 4.8 5.3 5.8 6.3 6.8 7.3 Ry,
30 0.20 0.01 0.25 0.48 0.17 0.32 1.43
90 0.29 1.11 0.01 0.17 0.50 0.50 2.58
150 0.93 0.93 5.69 3.27 0.20 0.20 11.22
210 1.03 0.50 2.11 6.46 0.04 0.04 10.18
270 1.55 0.08 0.95 3.73 0.06 0.06 6.43
330 0.00 0.50 0.26 0.12 0.04 23.04 23.96
R, 4.00 3.13 9.27 14.23 1.01 24.16  x2=155.80

classes with intervals of magnitude AM = 0.4;

of course, the number of classes and the number
of earthquakes in each class magnitude interval
is the same as in the preceding section.

Next we measure the preceding time-interval
AT (in days) corresponding to each earthquake
in each magnitude class interval. These time-
intervals are grouped into a number of con-
venient sized classes. Because it is convenient
to simplify our computation the preceding
time-interval classes were chosen as in the pre-
ceding section. However, note that the observed
frequencies y,; are not the same because the
length of the preceding time-intervals AT is
different from the length of the successive time-
interval At.

Finally, we construct the contingency table
with the preceding time-intervals (AT) cate-
gories as rows, and earthquake magnitude (M)
classes as six columns. The results obtained for
our earthquake sample data are shown in
Table 5. We add by columns and rows to get
the column sums 7; and the row sums, 7, as
well as the total number of observed pairs, 7.

The theoretical frequencies ¢,; for each cell
based on the null hypothesis is estimated using
formula (1). The theoretical frequencies are
shown in parentheses in each cell of Table 5.

The value of chi-square is obtained from
formula (2). The value of Ry; = (y; — é4:)/ s
is computed individually for each cell of Table 5
and the values for all cells added to yield the
value of x*. The computation is shown in Table 6.
In this problem there are: (6 —1)(6 —1) = 25 de-
grees of freedom.

The same suitable low significance level of
(0.01) is selected and, a table of chi-square is
consulted. The tabular value of chi-square is

(87.54). Since the calculated value of chi-
square is less than the tabular value for the
specified significance level, the conclusion
would be that there is no evidence that the null
hypothesis is either true or false or that the
original hypothesis was true. In other words
from the statistical view point there is no
evidence that the successive earthquake magni-
tude characteristics depend upon the length of
preceding time-interval AT.

(b) Analysis of probabilistic dependence
between AT and M
For determining probabilistic relationship
between two variables AT and M we applied
the same procedure used in arriving at Table 4.
The value of conditional probability P(M/AT)
is computed individually for each cell of Table 5.
Table 7 shows the values of the conditional
probability P(M/AT) for the data of Table 5.
The conclusion we would draw (from Table 7)

Table 7. The successive earthquake magnitude
versus preceding time-interval conditional prob-
ability P(M[AT) estimated tndividually for each
value in Table 5

To X =M,

From
Z=A Tk 4.8 5.3 5.8 6.3 6.8 7.3

30 0.54 0.26 0.12 0.05 0.02 0.01
90 0.44 036 0.12 0.04 0.00 0.04
150 0.30 0.10 0.40 0.20 0.00 0.00
210 0.00 0.00 0.50 0.50 0.00 0.00
270 0.00 0.33 0.33 0.33 0.00 0.060
330 0.50 0.00 0.00 0.00 0.00 0.50
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would be that if the length of the time-interval
(before a successive earthquake) increases, then,
the probability of the occurrence of a large
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earthquake increases; or alternatively, it de-
creases the probability that the next succes-
sive earthquake will be small.
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CTATUCTUYECKASA U BEPOATHOCTHASI BABUCUMOCTN MEHY MATHUTYJON N
BPEMEHHBLIM UHTEPBAJIOM [JI1 BEMJETPACEHUN B TOPOAE MEXHMKO

B craTthe ucciexyerca aBymepHoe pacmpepeie-
HUMe NAHHHIX, COCTOANIMX M3 MATHHTYHX 3eMJje-
TPAICEHUII M BpeMEeHHHX MHTEPBAJOB MEWLY
HUMM C LleJIbI0 BHIACHUTD, ABIAITCA JIM 3TH KBE
nepeMeHHLIe HE3aBUCHMMHIMHU ApYyr or jpyra. B
MOMCKAX CBA3W C MATHHTYAOIl MBIl paccMaTpH-
BaeM HHTepBaJIH BpeMEHHM KaK IOCle, TaK M
nepex,  3eMJyeTpACEHMAMH. X apaKTePHCTHKH
B3aNMO3aBHCHMOCTH MEMIY HHTEPBAaJIOM Bpe-
meHu At u marautygot M mMoryT 6HTH U3yUYEHE!
€ MOMOMBIO CTATHCTUYECKOT0 M BepPOATHOCTHOTO
noaxoxoB. Ilpm craTucrnueckoM nogxome faH-
HuHe AaA 250 nocaemoBaTeNBHBIX 3eMJeTpsAce-
Huft, perucrpumpoBaBmUXcA B r. Mexmuko, ¢
MarHurymoit 4,5 unm Gonbiet, HCMONb30BANKUCH
A BHYMCIEHHUA KpHUTepUA x% ¢ Heaklo Tpo-
BEDKM He3aBHCHUMOCTH MEmAy JBYMA BeIUYM-
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Hamu. IIpu BepOATHOCTHOM NOKXONE MH cCJe-
ayem Cynnecy (1970) m B KavyecTBe MepH Be-
POATHOCTHOM CBASH MBI HCIOJIb3YeM OIIEHKY
YCJIOBHHX BepOATHOCTe#l HaGmIOleHMA 3eMiie-
Tpacedun P(At/M) u P(M/At), noaxyueHHYIO
IIpH MCIOJB30BAHMN TEOPHH [BYMEDHHX pac-
npepexennit. McciegoBanue mokasaso, 4ro Cy-
IIeCTBYeT HEKOTOPAA CBA3H MEMAy MarHUTynol
8eMJETPACEHNA M INOCJeAyiolnM (3a HHUM)
BpeMeHHHM HHTepBagoM. He Haitmeno crarucru-
YeCKHMX YKasaHU#t HA TO, YTO MAarHUTyJa mocie-
AYOLUX 3eMJIeTPACEHM 3aBUCHT OT Ipef-
LIECTBYIOIIEr0 BpeMeHHOro MHTepBana. OmHako
C BEpPOATHOCTHOW TOYKHM 3PEHHA BEPOATHOCTDH
HaCTynJaeHnA GoNbINOro 3eMJeTPACEHUA pacreT
C POCTOM JJIMHHI NPELLIECTBYIOLIEr0 BDEMEHHOTO
MHTEpBaJA.



