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ABSTRACT 

Matsuura (198b) studied quantitatively the temporal 
features of the aftershoCk activity following some large 
earthquakes. The earthqUakes concern were accompaniea by 
large aftershocks which triggered their own aftershock acti ­
vities. 

AftershocK activity shows an appreciable deviation from 
the modlficd Omorl's formula before the occurence of a large· 
aftershock. 

The present study is an application of this method for 
the area ot Greece. The method tested for some recent sei ­
smic sequences in Greece, seems that it works well enough. 

This method is a useful tool tor the possibility of pr~­
dicting the occurence of a large aftershock which might be as 
large and disasterous as the main shock, if we keep watch on 
the change of the aftersnock activity immediately following 
the main shock. 

Introduction 

Selsmicity pattern is one of the most promising subjects 
in earthquake prediction studies, because it brings informa­
tion about physical conditions of the source region of an 
impending large earthquake. Seismic qUiescence in a source 
region prececing a large earthquake eartnquake has often 
been reported (e.g. UTSU, 1968; MOGI,1968b, 196Y). Another 
remarkable precursor is foreshocks. 

However, it is very difficult to recognize those seismi­
city changes as precusors before the earthquake occurs. Many 
precursory changes of seismicity were found after the 
Occurrence of a large eartnquake. That is the so called 

427 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



'post prediction", which is far easier than crue prediction. 
For exa~ple it is always easy to identify toreshocks after 
the occurrence of the main shock Dut they are indistingui­
shable, in real prediction, from clusters of shocks which 
would no-c lead to large shocks. Seism1ci ty shows such a· 
wide variation that is very difficult to represent its tem­
poral features quantitatively, except for the case of after­
shock activities. 

It is widely accepted that the occurrence rate of 
aftershocKs net} obeys the modif1ed Omori formula l UTSU, 
1961 ) 

K 
n l t) := t 1 ) 

(t+c)p 

where t is the lapse time from the main shoCk. Aftershocks 
are usually much smaller than the main shock and not follow­
ed by secondary aftershocks. However, sometimes a large 
aftershock occurs. Such a large aftershock is followed by 
its own aftershocks (secondary aftershock). Hereafter, 
"large af ter shock" means this type of remarkable af tershock. 

Since the temporal Characteristics of normal after­
shock seque~ces can be represented quantitatively by moci­
fied Omori formula, MATSU'UKA (1986) proposed a method to 
exa~ine whether there is any ano~alous change in aftershock 
activity before the occurrence of a large aftershock. If 
any change is recognized and its common features are known, 
it is not only Dsetul for prediction of SUCh a large after­
shock which migld.. calise additional disaster, but also im­
portant to reveal the generating process of such a large 
aftershock or an earthquake in general. 

Method 

Tne conventional way to estimate the parameters, K, c, 
and p in (11 is from a log n \ t) vs log \ t) plOL Since 
net) is not a directly observed quantity, it is calcula~ed 

from the nlli~er of aftershocks in a certain unit of time. 
In this way, several aftershoCKS are represented by only 
one datum point, and to obtain the ~)ree parameters it is 
needed a great n~ber of artershocks. 

Ogata (OGATA, 1~83) proposed the maximum likehood me­
thOd for the escirnation of these parameters. According to 
this method, the likchood is derined as 

L(K,C,p;t1 ,t 2 , .•. ~) = ~ n(t11eXp {-j:(S)dS} ( 2) 
1=1 

when the i-th aftershOCK occurred at time t., all N after­
shocks were observed from time S to T, and

1 
n(t) is the sa­

me as (1). 
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The logarithmic form can be writen as follows. 
N 

InL{K,c,p;tJ = ~ In{n(t )}·· I T 

n(s) ds ( 3)i 
~=l s 

It is usefuL to plot the cumulative number o~ aftershocks 
against the freqeuncy-linearized time r {OGATA and 
SHIMAZAKI, 1~~4) in order to check the fit between the mo­
dified Omori formula and the temporal pattern of after­
ShOCK occurrence. The frequency-linearized t1me (FLT) is 
defined as t 

r "" Jn(s)ds (4 ) 
o 

which is equal to the calculated commulative n~~ber of 
aftershoCk using the estimated parameters in (1). The ti­
me interval becweeh two successive aftershocks is equal 
to the unit time of r. Therefore, if an aftershock seq~n­
ce is perfectly expressed by (1) the c~~ulative nQ~ber 

of aftershocks increases linearly wi th r (fig.1 (a)). Fi­
gure , after MAT~U'URA lMATSU'URA, lY84J shows schemati­
cally the variations of aftershock activity w~th time. 

Generally, when one aftershock sequence contains so­
me large aftershoCKS accompanied by their secondary after­
ShOCks, the modified Omori formula becomes 

M 
Kinet) = E HI t-T i ) . ( 5)

P.
1=0 ( t-T.+c-J ~ 

~ ~ 

where H(t) is a unit step tunction, M is the number of 
large aftershocks having their own aftershocks, and T (r ) 
and T. are the origin time of tne main shock and °thg 

i- th ~ 

large aftershock, respectively. 

Data 

The present study is an application of MATSU'URA'S 
method to four recent earthquake sequences which occurred 
in the area of Greece. For studying these sequences,lists 
of aftershocks has been carefully made from the National 
Observatory, seismological Institute monthly bulletins. 
The results of the method for the tour sequences are the 
following. 

i) The Gulf of Kor~nth earthquake of 1981 

On February 24, 19~1 the surrounding areas of the 
gult of Korinth, including Athens were struck by an earth­
quake of ~=6.2. After a few hours the largest aftershock 
of ~=5.9 occurred. March 4 a large aftershoCk of 
~=5.8 occurred causing extend damages on Plateae and Ka­
p~rreli. 

For stadying this sequence a list of aftershock has 
been carefully made. In order to be sure tor the homogene­
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. K 
t = J.~ cs 

to'IG'- 1. SchE'n~:J tie ~rJl'h sho\\"ln, ,",Hl;Ulons or aftershoc-k 3rtl\"ity \\"ilh t:mE. Tht 
top ro\\" thow! lhl? r.Rtf or aflershock Occurr~nce \"~. l.np~e ~im~ (rorn thE rn~inshoc:k. 

The miclJi(' and 1)O~\om to\\S are ~orr!'spondin~ cl,Imu]ali\'e nUnlhcn (or an ordinH)" 
lime ~C'.::.IC' :Inri ;1 (rC"llJC'nn·lioC':li'h.C'J time itLT. ~<::de. fes.pc·clil"('ly. rb.shed lines 
~ho\\' Lhe Occ\Jrrr::(t r:llr or the. c:u;'iubtiy{' numl~r (~Icul:lt('d Ironl LhC' modlf1.cd Omori 
formub :~H)F, \\'1:lJ "oq i.~\:I\['d pJr:l:1lC"lC"TI'. 

(a) Tr.e JCli\ il~ \\ i\ho.;~ chJn~C'.
 

I b, The ~:lm(' :\:li\ ily ~LC ~D} \"ilh J 1rmporJry cl('creJH.
 
(C J The !t;lmC" 3('li\"ilY :l~ f&l.t wilh 3 \c-mpor:H)" incr{;':'I~.
 

fot ("1. il,;. "r.J (r,. Ihr ""m~ KI o( I"'"m.l.rs. "hich '.~I'bin~ 1M .eli,·ily {I' 
perl.ell~·. i, ~,.J (or )ll)f" and nT. 
(d J The Mme ~Cli\"iIY ~~ 'hi i, ,ho,,"n ,,"ilh lhr dtlTerenL ~Iot· ~nJ rLT ~lim'lcd 

honl \he' whole' .I;ll:l inrluuin~ \ht flC'C'TC'ac.e-. 
I Cl} The- !tam" ,:H"\i\"ity ;loC Ie'l i< ~!lm"n ,,"il)) th" llifTrrC':1t ~l()F An,1 rLT ~lim..Hed 

frO:":'l tht \\ ht'h' th~~1 jllrlu,lin~ thr inC"fC';:a..:cC'. 

After MAT~U'URA (1986) 
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~ty vf tne data ~t has been ~=3.5 as threShold magnitude. 
It did not ex~"~ne the case ot the larges~ aftershock 
because of the very high number of aftershocks immediate~y 

atter the ma~n shOCK. 

In the five days ~.7883J interval from the main shock,the 
data dev~ate largely from the single Umori formula Defore 
1:..11e aftersnock of March 4. In this case the short CTUiescen­
ce and the following foreshock-like high activity ~re ob­
served betore, the large aftershock (fig. 2 a, b) . The 
Omori's law for 1:..11e time interval from the ma~n .shOCk up 
to 8 days is 

n(t) ::: 27.u (6) 
(t+O.126)0.943 

and upt to 5,68 days 

38.9	 ( 7)
n( t)	 ­

- (t+O.379)1.438 

ii)	 The north Aegean sea earthquake of 1981 

On Decer.~er 19, 1981 the northern Aegean sea earth­
q~ake (hereafter is called first shock) of ~=6.3 occurred. 
After one month, when aftershock activity was st~ll obser­
ved, 1:..11e Chalk~diki earthquake (the second shock) of Ml=b.4 
occurred on January 1 8, 1~82, abutting on the source resion 
of the first shock. 

:his is one of the best examples for studying chan~~~ 

in aftershock activity with a ~arge aftershock Since tne 
shock was large enough, there is a high probability that 
preparatory processes for the second shock whiCh started 
af~er the occurrence of the first shock chnaged physical 
ccnd~tions in t~e Whole or a large part of the aftershock 
area of the first shock. 

To study this sequence a list of aftershock with 
threshold magnitudt '1 =3.5 it was made. Also in this case

Lthe quiescence and the fol~owing foreshock activity are 
Observed betore the second shock {fig. 3 a,b) 

The para~eters of the Omori law for the time interval 
trom the first shock to 31 days (tne second shOCk) are 

n (t) = ' 0.4 ( 8) 
( t +0 . u1 8) 0 • 8 

and trom the begining to quiescence (4 days) 

n(t) = 10.2 
( t +0 • U51 ) 1 . U9 (9 ) 
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~ii) Kefclonia earthq~ake of 19~3 

On January 17, 1~83 an earthquake of ~~b.2 occurred
 
West of Kef-alonia island. The largest aftershocK occurred
 
on March 23, with magnitude M =j.7. The time interval be­

tween the main shock and the ta~gest aftershock was two
 
months.
 

To study this sequence list of aftershocks with magni­
tude threshold ~=3,7 it was choosen. Also in this case, 
the qUiescence ana the fOllowing forshock like ac~ivity ~s 

the characteristic benavior of the attershock sequence (fig. 
4 a,b). 

The parameter of the Omori's law for the time interval 
0.129-64 days are 

c 
( 10)net) 63.8 

( t +0 .69) 1 . 0 8 

and for the time interval O.1L9 to eleven days 

It) _ 143.4 ( 11 ) 
n - (t+1.354) 1.512 

iv) The Central Aegean sec, earthquake seguence 1~86. 

On March 25, 1986 an earthquake (hereafter called 
first shock) occ~yrtd with magnitude ~=5.2. After four 
days, on MarCh 2~, 19~6 an earthquake \second shock) occur­
red in the same area. To study this earL~guake sequence of 
homogenous list of afterShocks with threshold ,magnitude 
~=3.1 was made. 

Two days after the main shock a quiescence began. In 
two more days a recovery of the seismlC activity was started 
(fig. 5). 

The parameters of the Omori law for the two times in­
tervals (0 - 2 days and 0 - 4 days) are 

7.7 n (t) ( 1 2) 
\t+O.008)U.41:l1 

7.7 n (t) (13)= 
(t+O.016)O.556 

Conclusion 

ThlS study confirms some of the conclusions of MATSU'URA, 
Thus an anomalous pattern has been found in aftershock acti ­
vities prior to large afterShocks WhiCh are followed by se­
condary afterShocks. Before the occurrence of such a large 
aftershock a period of seismic quiescence is Observed. Then 
the aftershock activ~ty recovers to the normal level or in­
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creases beyond it prior to the large aftershock. 

Based on this feature, prediction of a large aftersho<::x 
is possible wheh a real-time ~atch of the aftershock acti ­
vity change is performing. Ho~ever, an accurate prediction 
of two occurrence time and of the size of the fortcoRing 
large aftershock is impossible by th~s method. 
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