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EVIDENCE-FOR-A STOCHASTIC MODEL OF GLOBAL SEISMICITY
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Four partially independent sets of complete data concer-
ning main shocks {excluding foreshocks and aftershocks) which oc -
curred in the whole Earth during the time period 1897-1986,have been
ysed to test the hypothesis that the time difference of success

garthquakes follows a negative exponential distribution (Poisson pro -
cess). For samples with Targe {(n > 29) or small number (n<20) of
events the XZ and the Kolmogorov-Smirnov tests were applied,respe-
ctively. A1l four sets of data show that this time difference of
the large shocks (M > 7.0) follows a negative exponential distribu-
tion while this does not hold for the smaller (M<7.0) main shocks.

An interpretation of this observation is attempted.
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Tégogpelc ouddeg amd aveidptnta kalL nAnRpn dedopéva  kuplwv
GELOUGY, mou £yLvav gg¢ OAn tn N kKAtd tn BLAPKELA TNC XPOVLKARC Te-
pLéBou 1897-1986, xpnoLUONMOLABNKAY O0Tnv e€pyaclia auth yLa va efeta-
gte{ n undBean dtL,n xpovikn ALagopd PeETA&U dLABOXLKLOV TELOUGY ,aKO-
AouBel tnv apvnTLkA €KBETLKA kaTtavourl (katavoun Poisson). Ta Bdely-
HaTa mou elxav ueydro (N > 29) 0 uikpd (n << 20) apLBpd geropwv ele-
Wotnkay Ue egappoyn Twv HEBOBuLV x4 - test katL Kolmogorov-Smirnov,
QVtiotolyxa. KalL oL TEG00Spelc OHASEC BEBOUEVMY E£BeLZav OTL n xPovLKR
GUTA SLagopd yLa Toug peEydAouc oecLopolc (M> 7.0) akohouBel tnv ap-
YNTLKA e€kBETLKA KATAVOUR, €V auTO dev LoxUel yld TOUC HLKOSTEPOUC

UELopolc. TMiveral pLd mpoondBela yLa €ppUnveELa AUTHV Twv TNAPATNPROIE-
Wy .
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INTRODUCTION

Although the application of statistical techniques in sty.
jying the time distribution of earthquakes is of great importance i,
seismology, since such studies may bring up new Tdeas about the pat.
terns of earthquake occurrence, few detailed stochastic models hayg
been.developed to study this distribution. This is due to difficuyl.
ties in obtaining complete rand reliable data and to the fact that sta.
tistical ideas needed to handle compliex point processes are still un.
der developement (Vere-Jones 1970). However, simple stochastic mo -
dels have been applied by several seismologists for such investiga -
tions.

The simplest stochastic model for studying the frequency  4¢
earthquakes (number of shocks per time unit) is the stationary Pois-
son process, in which the probability of occurrence of an event is
the same for any elementary interval along the time axis. Equivalent
to the distributi&n of the frequency of shocks in accordance with
the Poisson distribution,is the distribution of the time intervals,t,
between the events in accordance with a negative exponential distri-
bution.

Some seismologists believe that seismic events occur accor-
ding to a Poisson process and that if seismic events do not seem to
follow a Poisson process it is a result of observational error or be-
cause the sequence of shocks is a modified Poisson process (Mogi 1962,
Lomnitz 1966). However, other seismologists believe that there are

cases when the Poisson process is not followed (Singh and Sanford 1972}

It seems that different types of earthquake data present very diffe-
rent features (Vere-Jones 1970). Evidence has been presented by some
seismologists that on a global scale, the very large earthquakes oc-
cur according to a Poisson process (Gutenberg and Richter 1954,Shlan-
ger 1960).

Because there is still a question whether or not the occur=
rence of earthquakes follows a Poisson process and because the ans-
wer to this question is very important for seismic hazard and earth-
quake prediction, this problem needs further study. An attempt is
made in the present paper to test the Poisson distribution hypothe -

sis by using four partial independent complete sets of data which,

concern globally occurred earthguakes. For samples with large number
of events the X2 test has been applied while for small number of
events (n< 20) the Kolmogorov-Smirnov test is applied.
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SOURCE OF DATA AND METHODS APPLIED

Tsapanos (1985) used most of the available catalogues (Gu-
tenberd and Richter 1954, Duda 1965, Rothe 1969, Miyamura 1976,1973,
pbe 1979, 1981, Kanamori and Abe 197%, Abe and Kanamori 1979,Geller
ot al- 1978) as well as data published in the Bulletin of the In-
ternational Seismological Center to make homogeneous cataiogue of
earthquakes which occurred in the whole Earth during the period 1904-
1980. The magnitudes of the earthquakes in this catalogue are sur-
face-wave magnitudes and its completeness was securred by dividing
the whole period into four subperiods (1904-1929, 1930-1951, 1952-
1965, 1966-1980) and choosing for each of them a proper minimum e-
arthquake magnitude (7.0, 6.5, 6.0, 5.5). For the present paper ad-
ditional data were collected to make a similar catalogue which co-
yers the period 1897-1986. The time periods and magnitude ranges for
the four complete sets of data used in the present paper are shown

on Table (1)

Table I.-Time periods and corresponding magnituce ranges for the
four complete data sets used in the present paper.

flivakag 1. XpovikéQ MeploBOL KUL AVTLOTOLXEG KALUAKEG peEvEDOV vLa
TLC TECUE0ELC MANPELG OUadeg SECOUEVQRV TOU XONULUOTOLA-

@nkav otnv mMapoloa cpyaora.

Time periods Magnitudes
1897-19¢8¢6 M > 7.0
1930-1986 M > 6.5
1952-1986 M= 6.0 [
1966-1986 M= 5.5

Since foreshocks and aftershocks are events which <clearly
depend on the main shock and the NZ test cannot be applied in clu-
Stering process (Vere-Jones 1970), an effort was made to distinguish
foreshocks and aftershocks from main shocks. Any earthquake was con-
Sidered as foreshock if ils location was within 100Km of the epicen-
ter of the main shock and it had occurred within 40 days period of
the main shock (Jones and Molnar 1976). An earthquake was conside-
red as aftershock if it has occurred within 100 days after the main
Shock and its location was within a distance L from the epicenter of
the main shock. where | is the dimension of the aftershock area and
1S related to the surface-wave magnitude of the main shock by an em-
Pirical formula given by Utsu (1969) . Thus, the final catalogue which
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The time differences between successive events,defined as

max® the

t, were classified with increasing order and the maximum,t
minimum, t ., the range R =t and the

min "max~ b
standard deviation were calculated.
R :tmax' tmin is divided to subspaces of equal lengths of time With
a step between successive subspaces equal Thus., sup.
0.00- 0.01, 0.01- 0.02 etc.were determined and the numbep

of events, n, in each subspace was found. In the case when the nup.

., the mean value t,
min

The above mentioned range

to 0.01 year.

spaces

ber of events in a subspace was less than 5, this number is addeq
to the number of events of the next subspace (or subspaces) untig
the number 5 or larger was obtained. In this way, the data were
grouped in a number, NG, of groups and the degree of freedom, v, {s
NG- 2.

To check the validity of the hypothesis that the time dif-

ference between successive shocks follows a negative exponential dij.
2

the X

larger or equal to

test was applied in all cases when the number of
29.

which the earthquake magnitude was

stribution,
cases for

to 8.3.
and this happened

events were This happens in all

less or equal In the ca-
20,

the Kolmogorov-Smirnov test was appliecd.

ses when the number of events was less than

when M> 8.4,

APPLICATION OF THE X2 TEST

This test was first applied to the subset of data which in-
cludes all time
period 1897-1986.

main shocks with M>7.0 which occurred during the
It was applied to test the hypothesis that the ti-

me difference between successive earthquakes of this period with
MZ>27.0 follows a negative exponential distribution, then to test
the same hypothesis for earthquakes of the same time period but with
M>7.1, then for earthquakes with M>7.2 and so on until M>§.3.Ta-

ble III shows the results for this subset of data,M is the smallest
earthquake magnitude for each sample, n is the number of events (e=

arthquakes) of each sample, NG is the number of groups. v is the de-

grees of freedom, A, is the inverse of the mean vaiue of the time
difference, X2 are observed values, XS_O 9] are theore tical values

at 0.01
served X2

is the probability that the ob-
plots

level of significance and P
(type I

given on

value is excessed errgr ). Figure (1) shows

of the values X2 and XS . Table III, versus the degrees of

freedom, v, and the corresponding earthquake magnitude.

Table (III) and figure { 1)} show that with the exception of
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Results of the application of the XZ test to the world-
wide data of earthquakes of the period 1897-1986.

Tah]e III.

(ivaxac III. AmoteAéopata TNG €QAPUOYAG Tng JSokipaclag xZ oe nayko-
guLa Sedopéva ceropwv Tng mepLddou 1897-1986.
2 2.
a/A M n NG p v A X XV.O.Ol
. —
1 7.0 1208 54 0.0001 52 13.4482 97.14 78.62
g 7.1 904 38 0.0103 36 10.0639 58.48 58.62
| 7.2 724 41 0.0142 39 8.0600 60.81 62.43
e 7.3 568 45 0.3820 43 6.3233 45.15 67.46
5 7.4 461 47 0.0542 45 5.1321 61.18 69.96
e 7.5 392 18 0.4518 16 4.3640 16.01 32.00
g 7.6 294 19 0.2705 17 3.2730 20.07 33.41
a4 7.7 236 21 0.1330 19 2.6273 25.89 36.16
9 7.8 167 22 0.1780 20 1.8591 25.61 37.57
g~ 7.9 115 16 0.7253 14 1.2802 10.49 29.14
1 8.0 ©82 13 0.2409 11 0.9129 13.85 24.72
B 8.1 62 11 0.0603 9 0.6908 16.32 21.67
B 8.2 47 9 0.1896 7 0.6909 9.98 18.47
14 8.3 29 6 0.0273 4 0.4317 10.93 13.28
— —- .
the case of main shocks with M>7.0 1in all other cases the observed

Xz values are less than the theoretical values Xs. The results of
Table III, fit very well with the ones of Table II. One car easily
realize that the time difference between successive shocks of ma-

gnitude M> 7.2 has *the negative exponential distribution, which con-
firms the hypothesis that the number of annual shocks has the Pois-
Son distribution.

Figure (2) shows the plots of the observed, XZ, and the
theoretical XE:O.OI values versus the degrees of freedom., v,and the
Magnitude, M, for the other three subsets of data. It is observed
that for the main shocks with M> 6.5 of the period 1930-1986,  the
Obseryeq X2 values are less than the theoretical values for M>7.1
(or for M>7.3) and not for smaller magnitudes {fig.2a). For the
Main shocks with M>6.0 of the period 1952-1986 (fig. 2b) as well

35 for the main shocks of the period 1966-1986 (fig. 2c) the obser-

ved XZ

values are less than the theoretical values for M>7.1 and

0t for smaller magnitudes.
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XZ
dependent sets of data leads to the conclusion that the main sho¢
of the Farth of which the magnitudes 1lie in the interval (7.1, 8

follow

f
.- Plots of the observed XZ, and the theoretical XZ. values

.- Xaptoypdonon Twv NApatnpoluUsvwy, XZ, KalL Twv BewpnTLKY.

given on Table (III), versus the degrees of freedom, V
and the corresponding earthquake magnitude for the peri-
od 1897-1986.

XGs TLPGOvV Tou fovovral amd tov nivaka [I1 oe ocuvdptnon
UE Tou¢ BaBuolc ehsuBeplac,v , kal Ta avilotoLxa HeyeEDN,
M, Twv OELONOV yLa TN xpovikn meplodo 1897-1936.

The good agreement between the result of the application

test to these four complete and to a considerable degree i

a Poisson distribution.
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Xaptoypdpnan Twv MapaTnpolpevuwv,X2, Kat Twv  Oegwpnoikov
XG.0. g1+ TLHWV oe ouvapinon ue touc BaBuolg eheuBeplag, v,
KOl ta peyeédn, M, yia TLc mepLddoug 1930-1986(a), 1952-1986
(b) kaL 1966-1986 (c).
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APPLICATION OF KOLMOGOROV-SMIRNOV TEST

The number of shocks with M> 8.4 which occurred during the
period 1897-1986 is smaller than 20. Therefore, the X2 test Canngy
be effectively applied in these cases. One of the proper tests in
these cases is the Kolmogorov-Smirnov (Lehmann 1975, Kounias et al
1985) and for this reason this test has been applied for all maip
shocks with M> 8.4 which occurred during the period 1897-1986. g
estimate of A in the equation (3),the maximum likelihood estimate
from equation (2) was also used in this case.

Table IV shows the results of this test for the four sap.
ples with M>28.,4, M>8.5, M>8.6, M>8.7 and the corresponding
number of observations (number of earthquakes) 19,10, 7 and 4. D,
denotes the absolute difference between the sample Fr, (t) and the
corresponding theoretical probability function FO(t)Pa,n denotes
the theoretical values at a level of significance a and number of
observations n.

Table IV Results of the application of the Kolmogorov-Smirnov

test for the very large earthquakes of the period 1897-1986,

Nivakag IV . AnoteAéopata TngG £@apuoyAc tng dokiLpacliag Kolmogorov-Smirnay

yLa toug moAU peydAoug oeLouolc tng mepLéSou 1897-1986.

It is observed that the hypothesis of the negative exponen-
tial distribution of t is accepted at a level of significance 1€sS
than 0.15 in all cases. This is an evidence that even the very large
earthquakes (M>8.4) follow a Poisson process.

DISCUSSION
The observation that the main shocks of the Earth with
M>7.0 follow a Poisson process and that this does not hold for
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0w D, {";"20’ 19 | Pos,10( 015,71 P.o1,4 i HyPORISS
0 20, 10 sis Hy
D .20, 7
D .20, 4
19 |8.4 |0.2238 | 0.237 D <D gg,19 | acceptéd
10 | 8.5(0.1789 | 0.322 0.409 0n <D 59,10 i
8.6 |0.3839 | 0.381 0.405 D 5o, 700 O] "
4 |8.7|0.4905 | 0.494 0.7341 D, <D ,q 4 i "

smal1er shocks cannot be easily explained. This result, however ,
ghow's that the rate of seismic energy release remains almost con-
ctant (Vere-Jones 1970) since the seismic energy is mainly relea-
sed by the large earthquakes. This result probably indicates that
ghe large earthquakes (M>7.0) are independed events occurring in
Separated regions of the world and that the smaller shocks are not
indenpendent but are affected by the occurrence of the large ones.
Although the sample for the very large earthquakes (M>8.4)is small
and the result that these earthquakes also follow a Poisson pro-
cess cannot be considered as definite, this result do put a serious
question about the relation between these earthquakes of the Earth

which needs further investigation.
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