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On the Time Interval Between Two 
Consecutive Earthquakes 

T O K U J J UTS U, Rc:search Associate 
U. S. Coast and Geodetic Survey 

AS A MEANS for investigating the e ffect of the 
occur r ence of an earthquake on the occurrence 
of the others, a statistical study has been made 
of the frequency distribution of the time interval 
r between two consecutive earthquakes occur ring 
near Guam Island. T he observed frequency dis
tribution (see fig. 4) differs from the exponential 
distribution which is expected when earthquakes 
occur completely at random with r espect to time. 
It also differ s from the r - q or (r + 'Yr q type dis
tribution, but it can be derived, as a first ap
proximation, from the superposition of the (r + 
'Y( q type dis tr ibutions assumed co be applicable 
to each elemental r egion. In the case of after 
shock sequences, frequency di s tr ibutions of r -q 
or (r + 'Y) -q type are observed for aftershocks 
occurring in the whole aftershock area, but these 
distr ibutions are almost explained by the de
crease in aftershock a ctivi ty with time. 

l . INTRODUCTION 

If N earthquakes occur comple tely at random 
with r es pect to time during a per iod of T, the fre
quency dis tribution of the tim~ inter val r between 
two consecutive earthquakes should be expressed 
by 

f(r) = (N/'f)e-rf'f , 'f = T/N. (1) 
This exponential dis rr i but i on approximately 
agrees with observations made by several authors 
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(see, for example, Ter ada1 
). An example of such 

an exponential dis tribution is also shown in figure 
1, in which the frequency distribution of r is 
plotted on a semilogarithmic diagram for earth
quakes recor ded by the Benioff shore period ver 
tical seismograph a t College, Al aska, with maxi
mum trace amplitude of S mm . and lar ger during 
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'F IG. 1. F r equency distr ibution of the time interval be twee n'. 
two consecutive earthquakes recorded at College. The s traight 
line indicates the calculated frequency from equat ion (1) put
ting N = 1,213 and T • 2,012 bo~s. 

IQn the frequency of earthquakes and allied phenomena by 
T. Terada, Proc. Tokyo Math. Phys. Soc. 9: 515-522, 1918. 
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FIG. 2. Model I. A region S consists of many e le mental regions S; ( i • l, 2, .. . , n). Each dot in central part Indicates the 
time of occur r ence of an earthquake in regions s; and s. Even If the frequency distribution of .,. diffe r s widely from the expo
nential for each elemental region (like the upper ri ght curve), the dis tribution for the whole regio n S becomes closer to the ex
ponential (like the lower right curve). 
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FIG. 3 . . Model' 11. If the frequency distribution of r for each period T; (i ~I, 2, ... , n) -ls exponential with diffe r ent average 
time interv~l, the frequency distribution for total period T becomes different from the exponentia~ 

the period from October through December 1958. 
The plotted points fit closely a straight line com
puted from equation (1). 

The fact that the observed frequency distribu
tion of T is expressed by equation (1) does not 
necessarily mean that all earthquakes concerned 
occur comple tely independently with each other . 
Suppose a model of earthquake occurrence shown 
in figure 2, in which a region marked with S con
sists of many elemental regions S1 , Sa , .. ., Sn, 
and in each region the occurrence of an earth
quake may have an effect on the occurrence of the 
other ones in that r egion but not on those in the 
other regions . The frequency distribution, fi (r), 
of r for r egion Si (i "' 1, 2, .. ., n) must be di ffer
ent from the exponential as is illus trated in upper 
right o f figure 2. However, if we plot the fre
quency distribution, f(r), for all earthquakes oc
curring in r egio'n S, its departure from the ex
ponential may be s maller becaus_e the distribu
tion of origin times of earthquakes may be more 
nearly random in region S than in region Si . 

On the other hand, in another model shown in 
figu r e 3, a per iod of T consists of many periods 
T 1 , Ta, .. ., T1~nd during the period Ti• Ni earth
quakes occur independently wfrh each other in 
region S. T he freq11ency distribution fi(r) for 
period T i i s exponenhal, but- the frequency dis
tribution f(T ) for toral period T becomes 

f(rµ ~fi(T) = ~ (Ni!\)e-Tl\ Ti= Ti/Ni. (2) 
- i l 

This is no longer exponential unless all the _ mean 
time intervals Ti are of the same value. 

':' . Tomodaa found that the frequency distribu
tion of the time interval between two consecutive 
earth<'.juakes which took place at Volcano Asama, 
J apan, was expressed by the empirical equation 

2St;itis t ical description of the time interval distribution of 
earthquakes and on Its relations to the distribution of maxi
mum amplitude by Y. Tomada, Z isin (}. Seism. Soc. japan), 
7: 155-169, 1954. 
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(3) 

which i s essentially different from the expc;mential 
distribution. 

This equation is somewhat difficul t to treat be
cause the total number of earthquakes,f~ f( r )dr , 
become infini ty. Therefore, it has been modified 
here to add a small constant -Y to T, that is 

(4) 

T his is practically equal to equation (3) for r » -Y. 

ln this paper, an attempt has been made to ex
plain the observed frequency distribution of r for 
earthquakes originating near Guam Island under 
the assumption that they occur in such a way that 
the distribution of r follows equation (4) if we 
take sta tistics on earthquakes occurring in regions 
which are small enough to be regarded as an ele
mental r egion in the mode l shown in figure 2. 

2. OBSERVATIONAL DATA FROM GUAM' 

Many local earthquakes were recorded by seis
mographs on Guam Island during lGY 1957-58, 
whose S - P time intervals ranged from 4 sec . to 
60 sec. As the activi ty of these local s hocks was 
fairly uniform wi th r espect to time, they are not 
regarded as the aftershocks of a particular earth
quake. F igure 4 shows the frequency distr ibution 
of r plotted on a semilogarithmi c diagram for 
these s hocks recorded by the Benioff long period 
seismograph ( -S component) with maximurp 
trace ampli tude of 5 mm . and larger . T his dis 
tribution does not fir a straight line nor any curve 
computed from equation (4) . 

Based on the assumption stated above, if a large 
region of seis mic activi ty is divided into· many 
small regions and the frequency distribution of 
r for earthquakes occurring iJ1 each s mall region 
is plotted, this distribution may deviate from the 
exponentia l more widely than the distribution for 
all earthquakes in the large region. 
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FIG. 4. Frequency disrributlon of the time inrerval between 
rwo consecuti ve earthquakes r ecorded on Guam. The curve 
r epresenrs the calculated frequency disrr ibution for r / y : 0.5 
by rhe method described in secrion 3. ,,. : 13.4 hours as N : 
783 and T: 10,5 12 hours. 

In order to confirm this, the shocks recorded 
on Guam were class ified into several groups ac
cording to S - P time intervals . The number of 
shocks which fall i nto each group is given in table 
l. As the number of each group is approximately 
the same, the frequency distributions for every 
group were summed up and plotted on figure 5 in 

T able 1 

S - P ( sec. ) Number of shocks 

5, 6, 7 100 

8, 9 105 

10, 11 99 

12, 13 102 

14, 15 93 

the for m of the c umulative frequency distribution 
designated S. T he curve T is the cumulative fre
quency dis tribu ti on for all earthquakes concerned . 
The abscissa for curves S and T is taken s uch 
that they meet at -0 defin ed by F (r0 ) =F(0)/20. 
A compar ison with the exponential curve (the 
str aight line marked with E) indica tes that the 
departur e from the exponential is l arger for 
cur ve S than curve T as is expected. 

3 

FIG. 5. Cumularive f r equency disrr iburion of r for l ocal 
shocks r ecorded on Guam. Curve S shows the sum of rhe 
frequency for each group of shocks classified according ro 
rable 1. Curve T Indicates rhe frequency disrribution for roral 
shocks concerned. Srralght line E is the exponenrial disrribu
rion. 

3 . COMPARISON B ETW EEN OBSERV ED A D 
CALCULATED DISTRIBUT IONS 

If the frequency distribution of ,. is expressed 
by e qua tion (4) for s m all elemental r egions, i t i s 
possibl e to obtain the frequ ency distribution of ,. 
for all earthquakes occurring in a large r egion 
composed of many el emental r egions by a method 
of statis tical experiment . In this case it i s not 
necessar y to specify the value of -r in equa tion 
(4), because if we put T/-r = ,. ', equation (4) be 
comes 

f(T') = k' (T ' + 1) - q . (5) 

If the empi rical relation descr ibed by Tomoda3 

between q and the index m of lshimoto- lida' s 
formula, f (a) o: a-m, for frequency distribution of 
maximum amplitude a is valid generally, that is, 
if 

q = (m ... 1)/2, (6) 

the value of q may be between 4/3 and 3/2, as the 
value of m falls between l 2/3 and 2 for ordinary 
earthquakes . 

T he tables of random digits wer e used to make 
2,000 imaginary origin times of earthquakes for 

3ibid. 



which ·the frequency distribution of r follows equa
tion (5) with cons tant q = 4/3. This imaginary 
earthquake sequence is divided into many sections 
and they were superposed in a manner s hown in 
central part of figure 2 in order to produce three 
earthquake sequences with average r' of SO, S, and 
0.5. The r esults are shown in figure 6 in which 
the cumulative frequency distribution, F(r ), of r 
is plotted for original distribution given by equa
tion (5) (marked with R ), three superposed cases, 
and the exponential distribution (marked with E) . 
The abscissa is taken in the same manner as in 
figure 5. 

It is seen from this figure that according to the 
decrease of i" or 'f/"r , the frequency distribution 
curve approaches the exponential distribution. 
The frequ ency distribution of r for Guam local 
shocks is again r epresented by a broken line in 
the same figure. This broken line seems to be in 
good agreement with the c urve of °T' = 0.5. 

4. TIME INTERVALS BETWEEN TWO 
CONSECUTIVE AFTERSHOCKS OF AN 

EARTHQUAKE 

When earthquakes occur independently with each 
other in a certain region, but their frequency per 
unit time interval, n(t), gradually varies with 
time t , the frequency distribution of T from time 
! 1 to time la is expressed by 

f
t~ 

f(r) = n(t)2 e -n(t)r dt 

- tl 
(7) 

FIG. 6. Cumulative frequency distribution of .,. calculated In 
the case of,.• • ,.;,, •SO, S, and 0.5. Curve R lnc!Jcates the 
orlglnal "dlsulbullon expressed by equation (4). Broken curve 
Is the same as curve T In figure S. 
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FIG. 7. Frequency distribution of che time Interval between 
two consecutive aftershocks of the Alaskan earthquake of July 
10, 1958. 

in the same way as equation (2). 
If the frequency of aftershocks of an earthquake 
decreases with time t as given by 

(8) 

the frequency distribution of r from the on grn 
time of the main s hock to a long time later may 
be written 

f (r) 
r(2 -i) - (2 - ..!.) 
A{l-~)pT p + 

f"' A (1 _..!.) - (Arx) bx p e dx. 
c-p 

(9) 

If c = 0, the second term of the right s ide of this 
equation vanishes and f (r) takes the same func
tional form as equation (3). 

For the aftershock sequence of the Alaskan 
earthquake of July 10, 1958,4 the value of p = 1.13 
and c ~ 0 had been obtained. Figur e 7 shows the 

4Qn che nature of three Alaska aftershock sequences of 
1957 and 1958 by T. Utsu, Bult. Seism. Soc. Am., 52: (In 
press), 1962. 



frequency distribution of r for this aftershock 
sequence plocced on a logarithmic diagram. The 
plotted points fit a straight line wich a s lope of 
1.37. From equation (9) chis s lope is calculated 
to be 2 - (l / p) = 1.12. The small difference be
tween observed and calculated slopes may be ex
plained by the weak mutual dependence in the 
aftershock occurrence. 

5. CONCLUSION 

When che frequency distribution of time inter
val r between two consecutive earchquakes are 
studied in many cases, we get nearly exponential 
distributions in som e cases, and in ocher cases 
widely different ones from the exponential. An 
attempt has been made to explain chis distribution 
assuming a model of earchquake occurrence shown 
in figure 2. F igure 6 shows a set of frequency 
distribution curves of r calculated under chis 
model with a frequency distribution given by 
equation ( 4) for each elemental region. As is 
seen from this figure, che frequency distribution 
curve gradually shifts from that given by equa
tion (4) to the exponential distribution as che num-

5 

ber of elemental regions concerned is increased. 
Accordingly, whether the frequency distribution 
observed is nearly exponential or widely differ
ent from the exponential depends on the size of 
the r egion concerned. 

Of course this gives only a rough explanation 
of the problem, because the model adopted is too 
simple for actual seismic phenomena. Greater 
earthquakes may have a larger effect on the oc
currence of the other ones in space and time than 
smaller ones do. Further study is needed taking 
magnitude and location of earchquakes into con
sideration, and this paper should be considered 
as a preliminary report on this complicated prob
lem. 
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