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ABSTRACT

" The aftershock activities of nine moderate shallow earthguakes in North
ean Sea and the surrcocunding regions have been studied gquantitatively, by
ing use of the modified Omori's formula and Akaike’'s Information Criterion
LIC) .

Almost the same seismic patterns before the occurrence of large after-
shocks have been observed. The whole aftershock area of the main shock becomes
‘guiescent. Then, the aftershock activity recovers to a normal level or
iIcreases beyond it prior to the occurrence of the large aftershock. In such
se, the observed pattern may be useful in predicting a large afrershock, if
the aftershock activity is observed in the real time check.

LYNOWH

Zinv nopoUda £pyOOlio yIiVETUL MOCOT LKA HEAETN TWY UETHOF LOULKOY QKOAQUE LV
EVVEo (9) EMLpOVE LOKOV OF LOPdY, Tou éylvay oinv EUpUTEEN NEPLOXN tou RBopeiou
Aiyciou, We 1nv E@opuoyn 1ou vopou 1ou Omorl Kot 1ou Akailke Information
Criterion.

Zr OAEC OYEdOV T1Q MEQLATQOELC, TPLY and 1Ny eX3QALGN TOU KUPLOU PETOOE LOUOU
mapotnEeeital tTo (610 povifAo. H 0 lopikOINTE ING MERLOYNG CPX LKE EAXTIOVETOL
Kot OTI OUVEXELX FMOVECKETXL OTX KOVOVLIKG eninedo N 1o UnepPoivel Alyo mpiv
and 1nv exdAAwon 10U KUPLOU PETadsiopou,. Edv n nopaxoioUfnon tng axchoudog
Yivetol of npoaypaILlkd xpove, TO1£ Tx nopatnenfévia uovifio £ilval duvatld va
Baiovuv O1nv npdyvwon ToU KUSLOU UETOCE LOHOU.

EIZATQTH - INTRODUCTION

Aftershock activities has been studied intensively (Utsu, 1961, 1969; Mogi,
;962, 1968; Page, 1968; Papazachos, 1974; Karakaisis et al., 1385; Motoya and
‘Abe, 1985; Matsu’ura, 1983, 1986) and it is accepted that the occurrence rate
of aftershocks n(t) obeys the Modified Omori formula (Utsu, 1%61):

n{t) = k/{t+c)P (1)

where, t is the lapse of time from the main shock.

Aftershocks are usually much smaller than the main shock and they are not
followed by secondary aftershocks. However, sometimes a large aftershock
occurs in an area adjacent to the rupture zone of the main shock. Such a large
aftershock is followed by its own aftershocks and is called secondary after-
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"shock (Matsy'ura, 1986). : o "
STHeE the™tefipofal chaFactewispi®s Gr dftershock sequences is quantita-
tiyely repkesented by jfhe modified Omori formula, it is very interesting to
examine whether there is any anomalous change in aftershock activity before
i the occunrence of a large aftershock. Matsu'ura (1986) proposed a method for
a‘guantitative treatment-of ‘aftershock sequences.

In'thisfstudy, minesearphquake sequences haVe been studied quantitatively,
in-grder to determine ltemporal patterns in@ftershock acrtivities prior to
large.aftershecks which are followed by secendary afrershocks. The main shocks
have occurred in the same seismotectonic region (North Aegean Sea), which is
one of the most active regions of Greece (Papazachos, 1976; Drakopoulos, 1978;
Delibassis, 1982; Makropoulos and Burton, 1984; Papazachos et al, 1986;
Stavrakakis et al, 1987).

In the data set there are also included two earthguake sequences, which have
been analysed by Latoussakis et al. (1991) and cccurred in the same region.
This study aims to investigate if the observed temporal pattern may be useful
in predicting a large aftershock in the investigated area, which might be as
large and disastrous as the main shock.

ME®OAOL - METHOD _
The method used in the present study was in details described by Matsu'ura
{1986) and by Latocussakis et al. {1991}). Here, we only outline the method.
Generally, when one aftershock sequence contains some large aftershocks accol
panied by their secondary aftershocks, the modified Omori formula is repre-
sented by:

M
n(t) = & H(t-T;) . ki/lt - T3 + c)PL (2)
i=0
where, H{t) is a unit step function,
M is the number of large aftershocks having their own aftershocks and

To{rgy) and Ty are the origin time of the main shock and of the ith
aftershock, respectively.

The estimation of K, P and c parameters of the above mentioned equations i
based on the Maximum Likelihood Mzthod, introduced by Ogata (1983). Once
likelihood is obtained, Akaike’s Information Criterion (AIC) (Akaike, 1974
defined by .

AIC = - 2 X [max In{likelihood}] + 2 X{(number of parameters) {3)
is used to obtain the model which is best fitted to the data.

ANAMAYEH AEAOMENON KAI ANOTEAELMATA - DATA ANALYSIS AND RESULTS

In the present study, nine (9) earthquake sequences have been analysed.
of aftershocks have been made from the monthly Bulletins of the Natio
Observatory of Athens. Table 1 summarizes their parameters and the epicentel
of the same events are plotted in Figure 1.

In order to ensure the homcgeneity of the data, a threshold magnitude e
to 3.5 is chosen. The cut-off magnitude is M;=2.5. '

It should be emphasized that for all the cases, the AIC was first tested fe
the intervals (0.0-S) and (8-Tya,) . where 5=i/8 (i=1,2,....,8) and Tp,, the
period that includes all the data. The smaller AIC, in all cases, was found £
the whole interval. Probably, this is due to the high threshold magnitude.
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i = In the following, a detailed
265 = W analysis of the earthquake se-
b | quence which occurred on Au-
gust 6, 1983 is given. For the
analysis of the other eight
seguences the same procedure
o O DeptCim) was followed. Therefore, only
Y . ol ) the results are tabulated.
40.0 s 60 <
. . H Metaoe (opixf)y AkohouBia Tng
g:‘::-g 6n¢ Avyovortou 1983 (Bépeio
@) 0O O u-sjo Aiyaio)
% d O M=40 The August 6, 1983, North
Qﬁ% a — 100 Aegean Sea Earthquake Seguence
% 380 On August 6, 1983 {(at 15h
43m), a strong earthquake of

local magnitude M;=6.6 occurred
in the northern Aegean Sea. This
- 1: Map of Epicenters 9 Events shock was followed by a consid-
1: M&ping Emikévipwvy Scale: 1:5.000.000 erable number of aftershocks.
Rugust B, a large aftershock of local magnitude Mp=5.1, occurred.

For studing this sequence a list of aftershocks has been carefully made.
In order to ensure the homogeneity of the data, a threshold magnitude equal
to 3.5 is chosen.

For the time interval 0-184.0 days., which includes the whole aftershock
ctivity, the modified Omori formula (AIC=-71.876) is represented by the
relationship:

n{t) = 16.44%/

eole 1 1.021

(t+0.0706) , for
Date h:im | &y Ag [Depth (Km)| My, | 0,0<t<184.0 days (4)

1975 MAR 27| 05:15/] 40.45 [26.12 15 5.7 SHa $E shew i piye
1975 MAR 27| 19:42(40.48 [26.08 5 435 | searmom), wiich corses
1978 JUN 20| 20:03|40.78 |23.24 3 6.0 | sponds to all data. Top
1978 JUL 41 22:23|40.75 (23.06 10 4.7 | and middle figures show
1979 JuN 14| 11:44|38.79 |26.57 6 5.5 | the cumilative number of
1979 JUN 16| 18:41|38.72 [26.64| 11 i.¢ | Brtershigcks sgalinede=
dinary time and Fre-
1980 JUL 9] 02:11)39.29 |22.91 7 6.0 | quency-Linearized Time
1980 JuL. 10| 19:39]39.32 [22.93 22 5.4 | (ogata and Shimazaki,
5 |1981 DEC 19| 14:10]39.22 |25.25 16 6.3 | 1984), respectively. The
1981 DEC 27| 17:39|38.91 |24.92 16 6.0 | calculated cumulative
6 {1982 gan 18| 19:27(39.96 [24.39 5 6.4 giﬁzﬁﬁiﬁeﬁﬁfi‘“%f’y
| 1982 JaN 19| 12:18|39.72 |24.34 10 a.8|¢ e L
p is calculated using
7 11983 AUG 6| 15:43]140.08 |24.81 22 6.6 Omori‘s parameters
1983 AUG 8| 08:09]40.39 |25.51 5 5.1 | which are obtained by
8 1984 Jun 17| 07:48|38.88 [25.99 41 5.3 | the maximum-likelihood
1984 JUN 26| 19:48|38.81 [25.87 39 4.g | method from data in the
range designated by a
9 |1986 MAR 25| 01:41]38.38 |25.13 16 5.9 | Horizonial brackel ot
1986 MAR 26| 18:36)38.37 |25.18 16 513 | \tia right tobn Plotes
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Fig. 2: Top and middle figures show the cumulas
/’"ﬂﬂ_ﬂ"——_ﬂﬂ_ tive number of aftershocks against ordi-
nary time and FLT respectively. The bot=s
tom of the figure magnifies the differs
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on the FLT axis show lapse of time in days from the left end. The bottom of
Figure 2 illustrates the difference of the observed cumulative number fror
the calculated one on the same time scale as in the middle. The doub
standard deviation of the difference in the designated range is also show
by the two parallel lines.

In order to investigate the seismic patterns of the sequence, various mode
have been tested in terms of AIC. Figure 2(b) illustrates the best fitl
model, inecluding also all data. This model corresponds to AIC=-74.158 and th
modified Omori formula is expressed by the relationship: |

5)

{ 29.798/(t+0.415)2-914 | for 0.0<t<1.6 days
n{t) =

2.325/(£+0.001)9-542 | for 1.68<t<184.0 days

Figure 2(c) illustrates the practical meaning cof the current analysis £
earthquake prediction purposes. Suppose that the aftershock activity
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Fig. 3: (a) The model which best fits the data is shown, for each aftershock

sequence. (b) The case in which the afrershock activity was observed in real

time is shown. (Further explanations are given in the caption of Fig. 2).
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observed in real time (0.0<t<15.0 days) and the cummulative number as well
the difference Af of the cbserved cummulative number from the calculated
one were also plotted in real time. Then, from Figure 2{c)one would observe
1at after the time period t=1.0 days a remarkable quiescence is observed,
ich could he considered as an anomalous pattern of the sequence. Actu-
ally, this pattern was followed by the aftershock of My =5.1 on August 8,
1983, exactly 1.684 days after the main shock.

For the analysis of the other eight seguences the same procedure was
ollowed. The results of the analysis of the events No 5 and No 9 {Table 1)
are according to Latoussakis et al., (1991). The results are shown in Figure
3. For each event, the model which best fits the data and corresponds to the

llest AIC's value is shown in Figure 3{a), while Figure 3{(b} illustrates
the case in which the aftershock activity was observed in real time.
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Ex. 3: OUVEYXE LT
CYMIIEPATMATA - DISCUSSION AND CONCLUSIONS
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Temporal features of the aftershock activities folleowing nine moder_'

earthquakes

studied gquantitatively,

quakes concerned were accompanied by large aftershocks which

in North BAegean Sea and the surrounding regions have

following the method of Matsu’ura (1986). The ear

their own aftershock activities.
Seismicity pattern brings information about physical conditions su
as the state of stress or the degree of strain concentration in

arcund the source region of an

impeding large eartquake.

trigg
¥

Therefo-

almost the same seismic patterns before the occurrence cof large afte
shocks have been observed.
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becomes quiescent. Then, the
wvel or increases beyond the

Wﬁ’&tﬁ@@ o1y P
same pattern was determined

1 1e I[:ﬂ Qﬁﬂ frtershock. h‘ :
by Matsufura Fl 86 v Latoussakis et al. (1991).
: D pora jus full in predicting a large
§PAZ E destructive as the main shock, if
ivit monitdre ediately after the occurrence of

~ q =4
5h@c location ¢f this aftershock can be estimated

q"_'
chea 1Mrl‘.lqu Tagm @‘f}IMtershocks during the recovered stage.

&Eeforé theﬁ SﬁveBpatterns may‘b/eq.\ eful in predicting a large
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