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ABSTRACT
Matsuura (1986} studied quantitatively the temporal
features of the aftershock activity following some large

earthguakes. The earthguakes concern were accompanied by

large aftershocks which triggered their own aftershock acti-
vities.

Aftershock activity shows an appreciable deviation from
the modified Omori's formula before the occurence of a large:
aftershock.,

The present study is an application of this methoa 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 pre-
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

Seismicity pattern is one of the most promising subjects
in earthquake prediction studies, because it brings informa-
tion about phvsical conditions of the scurce region of an
impending large earthquake. Seismic guiescence in a source
region prececding a large earthquake eartnquake has often
been reported (e.g. UTSU, 1968; MOGI,1968b, 1969). 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 eartngquake. That is the so cdlled
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*post prediction®”, which is far easier than true prediction.
For example it is always easy to identify foreshocks after
the occurrence of the main shock put they are indistingui-
shable, in real prediction, from clusters of shocks which
would not lead to large shocks. Seismicity shows such a
wide wvariation that is very difficult to represent its tem-
poral features quantitatively, except for the case of after-
shock activities.

Tt is widely accepted that the occurrence rate of

aftershocks n(t) obeys the modified Omori formula { UTSU,
1961)
nit) = —X (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 aftershock" means this type of remarkable aftershock.

Since the temporal characteristics of normal after-
shock sequences can be represented guantitatively by moci-
fiea Omori formula, MATSU'UKA (1986) proposed a method to
examine whether there is any anomalous 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 vsetful for preaiction of such a larce after-
shock which might cause additional disaster, but also im~
portant to reveal the generating process of such a large
aftershock or an earthguake in general.

Method

Tne conventional way to estimate the parameters, X, c,
and p in (1) is from a log n(t} vs log (t) plot. Since
n{t) is not a directly observed guantity, it is calculated
from the number of aftershocks in a certain unit of time.
In this way, several aftershocks are represented by only
one datum point, and to obtain the three parameters it is
needed a great number of attershocks.

Ogata (OGATA, 1983; proposed the maximum likehood me-
thod for the estimation of these parameters. According to
this method, the likchood is detined as

N T
L(K,e,pity tyr.anty) =0 n(t1)exp{}!}ﬂs)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 ni(t) is the sa-
me as (1).
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The logarithmic form can be writen as follows.

T
ln{n(tl)} - J—n(SJdS (3)
s

InL(K,c,p;t) =

= 1

=1

It is useiul to plot the cumulative number of aftershocks
against the fregeuncy-linearized time r { OGATA ang
SHIMAZAKTI, 1984) in order to check the fit between the mo-
dified Omori formula and the temporal pattern of after-
shock occurrence. ‘The frequency-linearized time (FLT) 1is
defined as +

r = J’n(s)ds (4)
-]

which is equal to the calculated commulative number of
aftershock using the estimated parameters in (1). The ti-
me interval betweeh two successive aftershocks 1is equal
to the unit time of r. Therefore, if an aftershock sequen-
ce is perfectly expressed by (1) the cummulative number
of aftershocks increases linearly with r (fig.1 (a)). Fi-
gure 1 after MATSU'URA (MATSU'URA, 19Y84) shows schemati-
cally the variations of aftershock activity waith tine.

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

M ”
n{t) = & H(t-T), ——— 55— (5)
1=0 (t—Ti+ci} i
where H(t) is a unit step ftunction, M is the number of
large aftershocks having their own aftershocks, and T (ro)

and Ti are the origin time of tne main shock and Othe.
i—th large aftershock, respectively.
Data

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

i) The Gulf of Korinth earthguake of 1981

On February 24, 1981 the surrounding areas of the
gult of Korinth, including Athens were struck by an earth-
gquake of ML:G.Z. After a few hours the largest aftershock
of =5.9 occurred. March 4 a large aftershock of

=578 occurred causing extend damages on Plateae and Ka-
pdrreli.

For stadying this sequence a list of aftershock has
been carefully made. In order to be sure tor the homodene-
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thg. 1. Schematic ygraph showing vanations of aftershock activity with time. The
top row shows Lhe rate of aflershock occurrence ve, lapse lime (rom the mainshock.
The middie and Dbottom rows are corresponding ecumvulative numbers for an ordinary
time sczle and 2 [reguenc)-linenrized time FLT. scale. respectively. Dashed lines
show the occurrence rate or the cumulative num!er calculated from the modificd Omori
formula {MOF; with estimated parpmelers.
fa) The activity withogst change,
th; The =ame activity as oy with a 1lemporary decreasge.
{¢) The same activity as fa) with a temporary incrense. v
For {n}. (i, and {¢1, the same st of parameters, which explaing the activily {a)
perfectly, is used for MOF nnd FLT,
{d; The =ame activity az My it chown with the different MOF and FLT estimzied
front the whole datn including the deerease. ;
{e} The same activity a< foy i< shown with the different MOF and FLT extimated
from the whole duta including the increase.

Fig. 1. After MATSU'URA (1986)
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1ty vf tne data 1t has been M%:3.5 as threshold magnitude.
It did not examine the case of the largest aftershock
pecause ©of the very high number of aftershocks immediately
atter the main shock.

In the five days 4.78833 interval from the main shock, the
data deviate largely from the single OUmcri formula before
the aftersnock of March 4. 1In this case the short guiescen-
ce and the following foreshock-like high activity are ob-
served betore, the large aftershock (fig. 2 a,b). The
Omori's law for the time interval from the main shock up
to 8 days 1is

27.0
n(t) = < (6)
(t+0.126) 0943
and upt to 5,68 days
R EF = 38.91 — (7)
(t+0.379) °

ii) The north Aegean sea earthquake of 1981

On December 19, 1981 the northern Aegean sea earth-
quake {hereafter is called first shock} of =6.3 occurred.
After one month, when aftershock activity was still obser-
ved, the Chalkidiki earthquzke (the second shock) of P&:b.4
occurred on January 18, 1982, abutting on the source rejgion
of the first shock.

This 1s one of the best examples for studying changes.
in aftershock activity with a large aftershock Since tne
shock was large enough, there is a high probability that
preparatory procasses for the second shock which started
after the occurrence of the first shock chnaged physical
conditions in the whole or a large part of the aftershock
area of the first shock.

To study this sequence a list of aftershock with
threshold magnitude M_=3.5 it was made. Alsco in this case
the quiescence and the following foreshock activity are
observed betore the second shock (fig. 3 a,b)

The parameters of the Omori law for the time interval
trom the first shock to 31 days (the second shock) are

10.4
0.
(t+0.018)

n(t) = (8)

8
and trom the begining to guiescence (4 days)
10.2
(t+0.051)
431
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iii} Kefzlonia earthqguake of 1983

On January 17, 14983 an earthquake of =b.2 occurred
west of Kefralonia island. The largest aft€rshock occurred
on March 23, with magnitude M_=5.7. The time interval be-
tween the main shock and the Earcest aftershock was two
months.

To studyv this seguence list of aftershocks with magni-
tude threshold =3.7 it was choosen. Also in this case,
the guiescence ana the followinag forshock like activity 1is
the cnharacteristic benhavior of the attershock seguence (fig.
4 a,b).

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

63.8 (10)
(t+0.69) 08

nit) =

and for the time interval 0.129 to eleven days

ntt) = T (11)
{(t+1.354) °
iv) The Central Aegean sea, earthguake sequence 13986.
On March 25, 1986 an earthguake (hereafter called
first shock) occurred with magnitude =5.2. After four

days, on March 29, 1986 an earthquake T(second shock) occur-
red in the same area, To study this earthguake sequence of
homogenous list of aftershocks with threshold magnitude
ML:3.1 was made.

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

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

7.7
nit) = < {(12)
(t+0.008)Y 487
7.7
n(t) = 2 (13)
(t+0.016) 0256

Conclusion

This 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 guiescence is observed, Then
the aftershock activity recovers to the normal level or in-
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creases beyond it prior to the ltarge aftershock.

Based on this feature, prediction of a large aftershock
is possible wheh a real-time watch of the aftershock acti-
vity change is performing. However, an accurate prediction
of two occurrence time and of the size of the fortcoming
large aftershock is impossibie by this method.
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