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The instrumental earthquake catalog of the National Observatory of Athens (NOA) starts in 1964
and it reports seismic events uninterrupted for the last 50 years. This isthe most detailed
seismicity catalog for Greece containing more than 160000 events and it is compiled daily by
standard seismological observatory practice which has been established atthe Geodynamic
Institute since 1893. Greece has the highest seismicity production in Europe andit is monitored
by the Hellenic Unified Seismological Network (HUSN) coordinated by NOA. At present, the
network is composed by more than 145 broadband seismic stations and 80 accelerographic
stations transmitting real-time data and automatic parametric solutions are accessible via the
internet( www.gein.noa.gr).internet( www.gein.noa.gr).

Earthquake catalogs are the basic product of seismology and a plethora of statistical
investigations and earthquake prediction research have employed the NOA catalog as the
backbone of earthquake hazard and risk studies. In this presentation a detailed statistical analysis
of the NOA catalog is demonstrated in terms of the homogeneity and magnitude of completeness.
Anomalous seismicity patterns prior to large earthquakes in Greece are investigated by the
mapping of seismicity rates that are associated with the precursory phenomena of accelerated
seismic release and seismic quiescence. In addition, recent seismicity swarms associated with
volcanic and tectonic activity are analyzed in order to reveal local and regional tectonic stress
variations which are associated with the stress field.



































In order to rank the significance of quiescence,we used the standard
deviate Z, generating the LTA(t) function (Wyss and Burford, 1985,
1987;Wiemer and Wyss, 1994).

Z=(R1-R2)/(S12/n1+S22/n2)1/2

which measures the significance of the difference between the mean
seismicity rate within windowR1, and the backround rate R2, defined as
the mean rate outside the windowbut within the same volume. S1 and S2
are the variancesof the meansand n1 and n2 are the correspondingare the variancesof the meansand n1 and n2 are the corresponding
number of bins with a measured seismicity rate. Thus at each node a z
value is computed and these z-values are then ordered according to size.
The computed z-values are then contoured and mapped, revealing the z-
value distribution at the beginning of the windowfor which they are
evaluated, since we want to define the onset of a significant rate change
in the seismicity.







The accelerated seismicity may be analyzed with the accelerated moment release (AMR)
hypothesis according to which the rate of seismic moment release is proportional to an inverse
power of the remaining time-to-failure (Varnes, 1989, Bufe and Varnes, 1993, Bufe et. al., 1994).
The so called time-to-failure analysis is an empirical technique based on the equation (Varnes

(1989): ∑ Ω (t) = K+(k/(n-1)) • (t f – t) m

whereΩ is a measure of seismic energy release, K, k and n are constants, m=1-n (n≠1) andtf is
the time-to-failure (main shock). The ‘seismic release’ as defined by Bufe and Varnes, (1993) is
determined from the earthquake magnitude using the expression:

log10 Ω = c•M + d 

whereM is the earthquakemagnitudeand c and d are constants. The coefficient c is 1.5 forwhereM is the earthquakemagnitudeand c and d are constants. The coefficient c is 1.5 for
moment or energy, 0.75 for Benioff strain release and zero for event counts (Kanamori, 1977).

We use event counts instead of the seismic energy (which is frequently used)and an
unconstrained best fit of the foreshock data (free tf and m) simply to show a powerlaw
distribution in time for the analyzed foreshocks. That study showed that both long(5 year) and
short (5 months) term earthquake activities in the foreshock sequence well fitto the time-to-
failure equation, in general agreement with the discussion of Bufe and Varnes (1993) concerning
the pattern of long and short cyclic earthquake activity based on the pioneering work on ‘seismic
cycles’ by Fedotov (1976).















It is the operational responsibility for NOAto evaluate the seismic
hazard of an ongoing earthquake sequence and provide this
information rapidly to the Greek civil protection authorities.
Therefore, it is of great importance to rapidly resolve the nature of
the seismic sequence in progress i.e., whether a foreshock activity
which may lead to a large earthquake, or a minor microseismic
activity with a weak main shock, or even a most frequently
observed, swarmactivity with no prevailing main shock. Each of
these types of seismic activity has been associated withthese types of seismic activity has been associated with
characteristic spatial and temporal seismicity patterns and seismicity
rates and the monitoring of these physical processes may provide
valuable information for the mitigation of seismic hazard in
populated areas.









The FMD describes the relationship between the frequency of occurrence and the
magnitude of earthquakes (Ishimoto and Iida, 1939; Gutenberg and Richter, 1944):

Log10N(M) = a − bM 

Where N is the cumulative number of earthquakes having magnitudes larger than M, a and
b are constants. The b-value describes the relative size of the events. Variations of the b-
value of the Gutenberg Richter frequency magnitude distribution have been associated
with crustal stress level fluctuations and great M9-class earthquakes(Sumatra, 2004,
Tohoku, 2011, Nanjo et al., (2012) ). It is proposed that the b-value is inversely proportional
to the applied stress, so the increase in confining pressure prior to largeearthquakes will
cause the b value to decrease accordingly (Scholz, 1968). Similarly, patterns of acoustic
emissionshavebeenreportedto follow stressbuild up and releasein laboratoryfractureemissionshavebeenreportedto follow stressbuild up and releasein laboratoryfracture
experiments (Goebbel et al., 2013). On the basis that b-values are found to vary
systematically for different faulting types and Schloemmer et al. (2005) suggested that b-
values may act as a ‘stress-meter’ of the applied differential stress. On a larger scale, the
general observation that b values approach the value of 1 encouraged Kagan (1999) to
indicate the universality of b=1 as a seismological constant. Departing from this constant
are volcanic swarms and aftershock sequences with higher b-values, due to the high
heterogeneity of smaller fractures and continental seismic swarms with lower b-values, due
to the increase in the pore pressure from crustal fluid intrusion (Fisher etal., 2010, Ibs-von
Seht, 2008).
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