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ABSTRACT

In this study, the probability distribution of earthquak
ence along the south-southeastern part of the Hellenic ar:
omputed by means of Bayesian statistics, and by usin;
enl sources of seismological data.
The results show that the probability of zero occurrences ii
egion ranges between 0.7 and 0.05 for earthquakes witl
6.5, between 0.9-0.4 for Mz6.6-7.0, between 0.95-0.67 foi
and between 0.97-0.76 for M=7.6-8.0 for the time perioc
statistical nonulysis showed that the obtainec
is strongly affected upon the input seismological

The probebility of zero occurrence of earthquakes in the
tude range 5.5-7.5 in a distance 100 km around the city of

has been also obtained. Statistically, high seismicity .ic
ted afier 1989.

EYNOWH

Linv cpvaocia autin unoloyilcTtan n  xatavoun tTa¢ widavoTnTac
VIONGC OCIOHUV PE S1a9opeTIKA clUpn CE10MIKOV PEVEDLY KAaTa MAKOE
vétiou-avatoeiit kol tpnpatog Tofou. H  Katavoun tng ni8avérntag
oviotnkc pr Bdon tn gtatiotikn Bayes Kai Xpnoiuonoildviag
OPCTIKEG NMNVEC ociopohovikwv ScdopHévuv.

Ano  tnv avalvon nppoeékuyc oOTL, n midavoTnta pPnEevikng
paviong Cciopev pe  peyiédn M=6.0-6.5 kataviépetar ano 0.74 ewg
via M=6.6-7.0 aund 0.90" cwg 0.40, vyia M=7.1-7.5 and
=0.,70, kair via M=7.6-8.0 and 0.97 ewg 0.77 yvia 1In XpOovikn
obo 1984-1993.

Eniong, unoloviotnke n n18avéeinta HNSCVIKAC ERGAVIONG OEC1OMWY
¢ andotaon 100 xAu vipw and anv nédn  tng Pé8ou xatr via tnv idia
pUIKN nepiocdo 1984-1993. H  napanavwe ni8avétata clattaveTtat
vTika peraZo 1989 xar 1993, 1Sraitepa yia ociopol¢ pc peyedn

aft 5.5 kar 6.0, Tia pevailtepa gcropika  Hevedn n midavéinta
gtaBaictar ane 45% ewg 75%.

APAKONOYAOL I., I'. CTAYPAKAKHE, 1. AATOYLZAKHE, I'. APAKATOL
A. MANANAZTALZIOY - Emavefctaon TIng npdyvwang Twy OE10POV
KaTad pNkog Tou voTiou-avaTtodikou THNpatog Tou EAAnvikou
T6lou.
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‘1. INTRODUCTION

For! long-term earthquake prediction and hazard assessmel
the well known Hellénic .arc| has provided a test area
Europe because sa W SR E high seismicity. Although
selismotectonic regime along the Hellenic arc seems to be y
complex, interesting results have been revealed through numerous
studies (PAPAZACIIOS and  'COMNINAKIS, 1971;; MCKENZIE, 1978; 3
PICHON et al., 1979; Le PICHON and ANGELIER, 1979).

Different methodologies have also been applied in order to
nssets the expected "time, magnitude s and propable location f
future strong earthquahkes. |

WYSS and BAER (1981 .,a,b) suggest that high seismicity is
expected along the Hellenic plate boundary near 22.5° to 23.5°E
and 26.5° to 27.5°E between 1980 and 1990, Their expectation is
based on seismicity studies along the Hellenic arc.

AMBRASEYS (1981) examinecd the datam available for the Eastern
Mediterranean and suggests that the large magnitudes assigned to
historical earthquakes in the Hellenic arc are mainly due to the
indiscriminate use of different scales and also of second-hand or
unreliable macroseismic information. The same author also
suggests that the available data is insufficient to support
predictions with an acceptable degree of certainty.

PAPAZACHOS and COMNINAKIS (1982) divided the Hellenic arc, o
the basis of different seismotectonic characteristics, into t
discrete zones. The western zone includes Ionian Islands, South
Peloponnesus and west of Crete, where as the south-southeastern
zone includes Crete-Harpathos-Rodos. One of the most striking
difference of these zones is the state of the stress. The western
part is characterized by thrust faulting, the southern part b
normal, and the eastern part by strike-slip faulting (PAPAZACHO
and COMNINAKIS, 1982; DRAKOPOULOS and DELIBASIS, 1983; PAPAZACH
et al., 1986).

FERRAES (1985) used the Bavesian probability theory to obtain
s Bayesion discrete distribution in order to predict inter- arrival
times for strong earthquakes along the two different parts :
Hellenic arc. He concluded, that in the western zone stlrong
earthquakes are expected after 1992, whereas the probability of
occurrence of earthquakes in magnitude range 6.5 - 7.50 are var”
Jow in the south-southeastern part of the Hellenic arc.
conclusion, however, is based only on data given in Ambraseys'
in Abe's catalogs (ABE, 1981; AMRRASEYS, 1981).

ZIUANG (1986) examined the validity of Ferraes' conclusions
and showed that the probability of earthguakes occurring in 1§
years, starting from 1976 (when the last large carthquake occurred
in the western zone) is of about 83%. Thus. Zhang's results
support the suggestion made by Wyss and Baer (1981), that strong
earthquakes are expected to occur before 1991.

On October &5, 1987, an unusual seismic activity started in
the southeastern part of Hellenic arc. More than 500 shocks of
magnitude greater than 1.0 cccurred until October 25 .A conclusio
whether this seismic activity was a precursory phenomenon for an
impending earthguahe is still open. This gave us the opportunity
to reevalunte the seismic hazaurd in the south-southesstern part of
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”f;Lanfc arc in the framnwork of the Ba;ésinn statistics and
‘erent "soupceg of geismological data.

IAN PROBABILITIES
‘hﬁ thes pfollawing.: the s basic concepts of the Dayesian

ﬁwu are used to obtuin’ "the? probability distribution of
cccurrence 45 given by STAVRAKAKIS and TSELENTIS

t is assumed that seismic occurrences in a region are
son-distributed, with a mcan rate A which is treated as random
ble. The observed dJdnta indicate that in T. past years
red N. earthguakes of magnitude greater than a predetermined
Then, the corresponding likelihood function L(A) is given

L{Aa)=DP(M. events in T. years/i)
=(ATa)e"AT/N,! A>0 (1)

In the case that. there is any prior information on A, it may
';ssumed prior distribution f'(&) on A.
Since f'(i) is independent of A, the posterior distribution
(%) is given by
£ (R)=kL(R)

=k (RT.)¥°e ATo/N. .., )0 (2)

@ k is a constant to be determined. After normelization the
stant k is obtained to be equal to T.. The probability P(E) of
rring N earthquakes in the T future years is

P(E)= [ P(E/2)f" ' (A)da
= (At)"e ATT.(AT.)e-AT=dA/NIN.!
= [ (THTe)A(THT )Mt o -2 tToTarga/(NiNa)! ).
C(NINGIT™T. (™ot 1 /NIN, 1 (T4To ¥4 nar1 (3)

The integral in parenthensis equals 1 since the
integrated quantity is the density function of the Gamma function.
Thus, according to BENJAMIN (1968), the probability P(E) is
P(E)=(N+No ) !T*To "ot 1> 1/N!No! . 1/(T+Ta)¥t¥et1  (4)

. Finally, the probability of no occurrences (N=0)) in the next
T years will be given by

PLE}= 1201 3T/T )M (5)
This equation will be wsed to calculate the probability
| tribution of no carthquake occurrences in the

puth-southeastern part of the Hellenie arc.
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3. STATISTICAL ANALYSIS AND RESULTS !

Ficure '1.showg the region which has been selected along the
Hellenie arc " in order "to compute the probability distribution
zeroroccurrences for earthquakes of magnitude greater than
equal “to 610 -

"Accprding to MAKROPOULOS et al., (1986), 30 seismic events of
magnitude greater than “er equal to 6.0 occurred in this region
during the time' penied. 1912 - 1983, The last strong eventl
occurred on January 3, 1986.

By applying eq. (5), the probability distribution of zero
accurrences, for the next T years and for different magnitude
ranges is obtained. Figure 2 shows the obtained results. In the
same region, according to COMNINAKIS and PAPAZACHOS (1986) 38
earthquakes of the same mugnitude range have occurred,
Following the same procedure, the probability distribution

function of zero occurrencez is obtained. Figure 3 illustratdql
the obtained results. .
Comparing figures 2 and 3, it is evident that the obtained

probability distribution depends upon the input data and cannot be
uniquely determined.

It should be emphasized, however, that in both <cases the
tendency, of the distribution of zero earthquake occurrence is
nlmost identical, High probabilities of earthquake occurrence
are obtained after 1988 for events of mognitude range 6.0 -6.5 and
after 1990 for earthquakes of magnitude greater than 6.6. 1

The same analysis has been performed for the city of Rodos.
The earthquakes of magnitude greater than or equal to 5.5 have
been selected in o distance of 100 km around of the city. The
probability of zero earthquake occurrence has been computed by
using eq. (5}. Figures 4 and 5§ show the obtained distribution
corresponding to the two different earthquake data. In both
cases, the probability of earthquake occurrence of magnitude range
55 - 6.0 1is very high after 1988 whereas for higher magnitudes
the probubility becomes lower. '

4. DISCUSSTON AND CONCLUSIONS
[

The main purposce of this study 1is to obtain the probability
distribution of wero carthquake occurrences of a predelermined
magnitude level along the south-southeastern part of the llellenic
arc, within the Bayesian framework.

Assuming that the earthquake occurrence is a Poisson process,
the c¢rucial problem is to determine the mean rate of the
distribution. In most cases, this parameter is considered to
be deterministic and is obtained from historical frequency data.
There is, however, stutistical uncertainty in the estimation of
this parameter, and hence, it should be treated as random
variable.

Du using Bayesian statictics the wuncertainties on the mean
rate can be reduced and the obtained probabilities are more
reliable. In the Buyesion model, the mean rate of ecarthquake
occurrcence is defined by

Az AC {A/N,.T)dr = NiL/T
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i T#.0
i +885.0
|
0 =0 0 0] =t ».0
Ex.l.: (A) Katavoun OE LOUOV ue M>5,0 watd  uhkog TOoU
(Acboudva and

VOTLOU=AVATOALKOU TuApaTOog TOU EXinviuol TtdEoL.
MAKROPOULOS et al., 1986), uat (B) ue &ebontva arnd COMNINAKIS and

PAPAZACHOS, 1986).
Fig.1.: (A) Distribution of earthquakes with M»>5.0 along the
south-southeastern part of the Hellenic arc (data from MAKROPOULOS

et al., 1986), (B) data from COMNINAKIS and PAPAZACHOS, 1986.
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(M=7.1-75

P(E) 9f zero occurregcés
E

.
[¥3]

12

——

0. T T T T T T T
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

TIME ( in years)

Ix.2.: Katavouh mLdavétntac UnSEVLKAC EMEAVLONG CELOUGY HaTd pAKog
Tou VATLOU=AVATOALKOU Tunuatoc tou EAAnvinod tdEou. (Aebouéva ar
COMNINAKIS and PAPAZACHOS, 1986). !
Fig.2.: Probability of zero earthquake occurrences of different
magnitude range along the south-southeastern part of the Hellenic

arc (data from PAPAZACHOS and COMNINAKIS, 1986).
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P(E) of zero occurrence

0
1984 1385 1986 1987 1988 1989 1990 1991 1992 1391

TIME (in yearw)

X.3.: Katavouh midavédintac unbeviuic eUpaviong CELOUOV HATA UfKog
véTLouv~avatoALnol Tufjpartog tou EAAnvixol tdEou. (AeSouéva and
KROPOULOS et al., 1986).

3.: Probability distribution of zero earthquake occurrences of
fferent magnitude range along the south-southeastern part of the
lellenic arc. (data from MAKROPOULOS et al., 1986).

Wneoiokr BiBAI0Brkn "@ed¢ppaoTog” - TuApa Mewhoyiag. A.MN.O. 151




Zero occurremce.

P(E) of

3

0
1984 1985 1986 1987 19688 1989 1990 1991 1592 1992
TIME( in years )

Katavoun mnidavdéinrag undeviunic enpdviong  JeLOudv OB

Iy.4,:
Ty TéAn g Pbébou. (AeSopéva am

andéotaon 100 xAu and

MAKROPOULOS et al., 1986). )
Fig.4.: Probability of zero earthquake occurrences of different

magnitude range in a distance of 100 km around the city of Rodos
{data from MAKROPQULOS et al., 1986).
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i . M=71-8

H M56-7

M55-6

)

;-19'84 1985 1986 1987 1988 1989 1990 1991 1992 1993
TIME ( in years )

Katavop nudavédétntac pndeviung EUPAVLOTNC OCELOUDY OE

100 xAp amnd tnv noAn Tng PdSou. (Acbouéva and COMNINAKIS
PAPAZACHOS, 1986).

g.5.: Probability of zero earthquake occurrences of different
ignitude range in a distance of 100 km around the city of Rodos,
lata from COMNINAKIS and PAPAZACHOS, 1986).
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by wusSingfeq. {2)." “Thusyrthe Baoyesian™mean rate is always
than the | Pdissonian ‘one. " Thercfore, the Poisson model w
smaller probabilities of earthquake oceurrences and will
underfestimate the, réul  Seismic liazand ot a site. .

The model develoaped in this, study 1is general and it &
handl ¢ any quality and quantity ‘ef information in a consistent
eficient manney. 1

The) | prebability distribution of zero earthquake occurre
ulong  the south-soulheastern part of the lellenic arc is obta
by . dsing two different scismological  data. The results indi
thpf the probability of earthquahke occurrence in the magnitu
range 6.0 - 6.5 is very high after 1986, The probability that ¢
earthquake of the sume mognitude range will be felt in the city @
Rodos is alse high after 1987,

It should be cmphasized that the obtained resultis are b
on a pure statistical analysis without taking into considerat
the focal depth, an important factor for the investigated a
However, the conclusion Lthat the seismic hazard of this par
the Hellenic arc is high has been verified throughout this study
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