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Abstract

The Hellenic Subduction Zone (HSZ) is the most seismically active region in Europe
(Becker and Meier, 2010). The evolution of such an active region is characterized by
complex phenomenology and is expressed through seismicity. Seismicity temporal
patterns remain as one of the most important topics in earth sciences. The Weibull
distribution has been used as a recurrence time model for large earthquakes
(Rikitake, 1976, Rikitake, 1991). Moreover,Hasumi et al. (2009) used the Weibull-
log Weibull distribution for the study of the interoccurrence times of earthquakes in
Japan.The dataset formed in this study concerns the seismic belt of the HSZ during
the period 1976-2009. We use the external seismic sources of shallow earthquakes
in the Aegean and the surrounding area (Papaioannou and Papazachos, 2000)
along with the updated and extended earthquake catalogue for Greece and adjacent
areas (Makropoulos et al., 2012).The application of the Weibull distribution to the
interevent times of the formed dataset is analyzed and discussed.
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Iepiinyn

H elinvikn (v vrofdbiong eivou n mio oetopukn weproyn e Evpdmng. H katavoun
Weibulléyer  ypnowomomnbei cov poviélo yio v  mwEprypagn TV YpovIKOV
dwoTuaTwY  UETald 1000 KOV  oElou®Y  oE  ovykekpiuéves pnéiyeveic (Oveg
(Rikitake, 1976, Rikitake, 1991), kaOw¢ kai yia v TEPLYpoPn TS GEICUIKOTHTOS
uiag evpotepng meproync (Hasumietal., 2009). Tadedopéva mov avalbovue oe owti
mv gpyacia apopody v elnvikn (wvn vrofvlions kai keaAdmwrovv v mEPiodo
1976-2009. Xpnoiuomolodue g oe1OUIKES TNYES ETIPOAVEIAKDV OELTUDV OTWG OVTES
opiloviar amd tovg PapaioannouandPapazachos(2000), koafdos koi tovkotaloyo
oetouv twv Makropoulosetal. (2012) yia tqv EALGdo. kot TIC TOPOKEIUEVES TEPIOYES.
H epapuoyn s rarovouns Weibulloto ypovikd diaotipote uetold oiadoyikdv
GEIOUDY OVOADETOL Kl TEPLYPOPETOL OE OTH THY EPYOTIOL.

AéCeig klerora: EXAnvikn {oovny vrofobiong, karavoun Weibull, oeiopurotnra
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1. Introduction

The eastern Mediterranean region presents a remarkable record of major earthquakes (Ambraseys
and Jackson, 1998).The Hellenic Subduction Zone (HSZ) is an active seismic belt (Becker and
Meier, 2010; Meier et al., 2004). Many destructive earthquakes have taken place along the HSZ
(Papathanasiou et al., 2005; Papazachos and Papazachou, 2003). This high seismic activity is
caused by the subduction of the Adriatic continental lithosphere in the north and the Ionian oceanic
lithosphere in the south (Royden and Papanikolaou, 2011). The Kephalonia Transform Zone
(KTZ) separates the northern part (N.HSZ) of the Hellenic subduction boundary from the southern
one (Fig. 1).The evolution of such an active region is characterized by complex phenomenology
and is expressed through seismicity.

Seismicity temporal patterns remain as one of the most important topics in earth sciences.Over the
past years, much has been written about the distribution of interevent times, which are defined
asthe time intervals between successive earthquakes. Various distributions have been used to fit
earthquake interevent time statistics (Abaimov et al., 2008). Among them, one of the most recent
is proposed by Vallianatoset al., (2012), where the spatiotemporal properties of the 1995 Aigion
(Greece) earthquake aftershock sequence were investigated using the concept of Nonextensive
Statistical Physics formalism (Tsallis, 1988; Tsallis, 2009). The aforementioned authors conclude
that Tsallis entropic term describes very well the observed distributions and the spatiotemporal
earthquake patterns. An alternative approach is based on theapplication of the Weibull distribution
to the interevent times of an earthquake sequence asithas been performed by many authors
(Hagiwara, 1974; Rikitake, 1976; Rikitake 1991).Hasumi et al. (2009) used the Weibull-log
Weibull distribution for the study of the interoccurrence times of earthquakes in Japan.The latter
distributions haverenewedtheir use in geosciences, since theycan be used in seismic hazard
assessment (Votsi et al., 2011).1It is the scope of the present work to use the Weibulldistribution for
the analysis ofthe cumulative distributionof the interevent times along the seismic zones of the
HSZ.

Figure 1 - The active trenches (thick dark lines with solid barbs) for the HSZ, as Royden and
Papanikolaou (2011) indicate them. The Kephalonia Transform Zone (KTZ) separates the
northern part (N. HSZ) of the Hellenic subduction boundary from the southern one (S.
HSZ).
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2. Seismic Zones and Earthquake Dataset

Papaioannou and Papazachos (2000) separated the region of the Aegean and the surrounding area
in 67 seismogenic sources. This separation is based on previous work on seismic zonation, work
on seismicity and active tectonics, as well as on geological and geomorphological information. In
the present work, we use the external seismic sources, which are associated with the compressional
stress field to define a dataset regarding the subduction zone. These sources have axes parallel to
the external coast of the area, to the strikes of the seismic faults (thrust or strike- slip), and are
associated with the lithospheric convergence (Papazachos, 1990).In order to create a dataset with a
significant number of events that will lead us in a confidence result,we merge the external seismic
sources to form larger areas of study called seismic zones, as it is proposed in Papadakis et al.,
(2013). It should be noticed that the latter process is in fully agreement with the zonation study
originally proposed in Papaioannou and Papazachos (2000).Table 1 provides the composition of
each seismic zone as regards the seismic sources forming them and the correspondent number of
seismic events used in each of the zones.We note that the dataset used in this study is based on the
updated and extended earthquake catalogue for Greece and the adjacent areas by Makropoulos et
al. (2012). It concerns shallow earthquakes (focal depth < 60km) and covers the period 1976-2009
(Figure 2).

Table 1 — The composition of the seismic zones used in this study and the correspondent
number of seismic events.

Seismic Zones Seismic Sources Seismic Events
1 4,5 111
2 6,7,8,11 265
3 9,10,12,13 248
4 14,15,16,17 327
5 18,19,20 179

Figure 2 - The seismic zones (polygons 1-5) (Papaioannou and Papazachos, 2000) of the HSZ,
and the seismic events (colored circles) (Makropoulos et al., 2012) of shallow earthquakes
(focal depth < 60km) covering the period 1976-2009.
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Moreover, Makropoulos et al. (2012) have computed the magnitude of completeness (Mc) of their
updated catalogue for the period 1976-2009 to be as Mc = 4.1.The final dataset used in this study,
is extracted usingthe application of the window method, introduced by Gardner and Knopoff
(1974) and modified by Uhrhammer (1986)for thedeclustering of the original earthquake
catalogue.

3. The Weibull Distribution
The probability density function (pdf) for a Weibull distribution is given as:
Equation 1-The probability density function (pdf)

=20 en-6)]

wheref is the shape parameter or the Weibull modulus and 7 is the scale parameter.
The cumulative distribution (cdf) of the Weibull distribution is given as:

Equation 2-The cumulative distribution function (cdf)

P(t)=1-exp [— é)g],

where P(t) is the fraction of the recurrence times that are shorter than t.
The survival function R(t) is given as:
Equation 3—The survival function

R()=1-P@)

The hazard function h (t,) is the pdfthat an event will occur at a time t, after the occurrence of the
last event (Abaimov et al., 2008). The hazard function exhibits a power-law behavior and it is
given as:
Equation 4-The hazard function
-1

Rit,) = _pdf _ E(t_ﬂ)g

T 1_edf T )
If B>1 the probability that an earthquake will occur increases as a power of the time t, since the
last earthquake. For f=1 the Weibull distribution reduces to the exponential distribution. That
means that earthquakes occur randomly.For f<1 the Weibull distribution is known as the stretched
exponential distribution(Yakovlev et al., 2006).

4. Interevent Time Cumulative Distribution

The cumulative distribution of the interevent times for each seismic zone and for the HSZ as a
unified system is given in Figure 3. The best fit of the Weibull distribution using the maximum
likelihood estimation is also presented.

The calculated Weibull parameters are presented in Table 2. An inspection to the obtained values
of the shape parameter B suggests its increase as we move from seismic zone 1 to seismic zone 5.
The B value is equal to 0.92 for the HSZ as a unified system. It becomes equal to 0.77 in seismic
zone 1. Moving southward it increases and becomes equal to 0.88 and 0.89 in seismic zones 2 and
3, respectively. This trend continues to appear along the northeast portion of the Hellenic arc
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presenting values equal to 0.95 and 1.08 in seismic zones 4 and 5 respectively. On the other hand
the scale parameter T shows variations that do not follow the trend of the shape parameter and has
a value equal to 9.15*%105(sec) for the HSZ as a unified system.
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Figure 3 - The cumulative distribution ofinterevent times for each seismic zone and for the
HSZ as a unified system. The black discontinuous line is the best-fit Weibull distribution.
The estimation of the Weibull parameters has been performed using the maximum
likelihood estimation.
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Table 2 - The Weibull parameters p and T and their 95% confidence intervals [B1, p2] and
[t1, 2] for each seismic zone and for the HSZ as a unified system.

Seismic Zones B 1(sec) [B1,B2] [t1, 12]

HSZ 0.92 | 9.15*10° | [0.88,0.96] | [8.56*10°, 9.77%10"]
1 0.77 | 8.50*10° | [0.66, 0.90] | [6.61%10° 1.09%107]
2 0.88 | 3.81*10° | [0.80, 0.97] | [3.30*10°, 4.40*10°]
3 0.89 | 4.12*10° | [0.81, 0.99] | [3.56*10°, 4.76*10°]
4 0.95 | 3.17*10° | [0.87, 1.03] | [2.81%10°, 3.57*10]
5 1.08 | 6.15*10° | [0.96, 1.22] | [5.34*10°%, 7.09%10°]

5. Conclusions

In the present work the analysis of the interevent timedistribution using the Weibull distribution is
being investigated. The studied area is the Hellenic subduction belt divided in 5 seismic zones as it
is recently used in Papadakis et al., (2013) and as it is originally proposed in Papaioannou and
Papazachos (2000)for the separation of the Aegean and the surrounding area in 67 seismogenic
sources. The declusteredearthquake dataset concerns earthquakes with Mc= 4.1 and covers the
period 1976-2009.The Weibull distribution used in this study fits rather well to the observed
distributionsimplying its usefulness in the investigation of the interevent time distribution along
the HSZ.The shape parameter Ppresents increasing values as we move from the northwestern
(seismic zone 1) to the southeastern part (seismic zone 5) of the Hellenic subduction boundary. On
the other hand the scale parameter t presents variations that do not follow the trend of the shape
parameter along the seismic zones of the HSZ.
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