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ABSTRACT

A new approach of detailed spatio-temporal variation analysis of seismic data is proposed by means of
FastBEE (Fast estimation of Big Expected Earthquake) aiming at the regional monitoring of seismic activity for
premonitory seismic patterns identification.

For the investigation of temporal variation, a set of seismic parameters is used, like the logarithm of the
number of earthquakes logN, estimates of b-value obtained by the maximum likelihood estimation model, time
clustering of seismic activity AR(f) and of energy released E?®, since they can be considered as precursory
seismological indicators. Earthquake catalog data, used in this approach, were elaborated in order to construct
the time series for each parameter within a time window, large enough, as to guarantee statistical meaningful
result.

The Hellenic trench-arc region under investigation is chosen in the basis of its seismotectonic
characteristics, in relation to the spatial extent of the seismogenic zone.

The tools were tested, for long temporal variation features in the lonian Islands Sea and the North Aegean
Sea regions and its successful applicability is presented. The rise of irregularity, along these temporal profiles,
was formulated in specific quantitative premonitory seismic pattern. In most of the cases, FastBEE premonitory
pattern found shows significant changes from the background values of each parameter. Parameter logN shows
a valley form curve, which start to increase before the expected earthquake occurrence, as well as the energy
parameter E?*, while b-value temporal estimates are forming a mountain shape curve, before the occurrence of
a big earthquake. Instead, parameter AR(t) present a rapid fluctuation, without any kind of premonitory
character

1 INTRODUCTION

Extensive researches on the general characteristics of earthquake precursors, particularly their
time variation and spatial distribution, are extremely important in studying the earthquake
prediction. Some theoretical and observational results about the temporal and spatial
characteristics of seismic parameters, acting as precursors, (Gusev, 1976; Sobolev et al., 1991),
have been formulated as premonitory seismicity patterns.

Thus several types of seismic patterns have been proposed (Habermann, 1981; Wyss, and
Baer, 1981; Keilis-Borok, 1982; Caputo, et. al., 1983 ; Kossobokov and Carlson, 1995; Press and
Allen, 1995; Shaw et al., 1997; Shebalin et al., 2000; Giovambatista and Tyupkin, 2000) world wide.
In addition, for Greek territory seismicity patterns have been also proposed by (Papazachos, 1981;
Papadimitriou and Papazachos, 1985; Karakostas et al., 1986). However, no premonitory seismic
regularity has been firmly established yet.

Identification of additional seismic patterns, which may reflect the geodynamic characteristic in
Greek territory, is the aim of this study. Thus long temporal variation of set of common seismic
parameters, depicting the characteristic of the seismic activity was considered.

Such parameters comprise the number and the time clustering of earthquake occurrence, b-
value estimates and the energy released. Their character, as seismological indicators, is related to
the seismogenic process and contains information that can be useful for seismic interpretation, as
well as, in earthquake prediction. (Mogi, 1962; Aki, K., 1965; Utsu, 1965; Scholz, 1968;
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Papazachos, 1974; Papazachos, 1981; Kuznetsova et al., 1981; Smith, 1981; Molchan and and
Dimitrieva, 1990; Wiemer and Wyss, 2002).

Long temporal variation of these common seismic parameters was monitored, to identify the
presence of a seismicity pattern. Analysis were performed by the mean of new software, FastBEE
(Fast expected Big Earthquake Estimation) tools, developed by Papadopoulos et al (2003) in
several seismic active areas of Hellenic territory. The Hellenic trench-arc system (Papazachos and
Comninakis, 1971; Comninakis and Papazachos, 1980), is seismically the most active tectonic
system in the whole Mediterranean region. Defined areas, within this system, have been chosen to
perform such temporal analysis, because of its geophysical, geodynamic and morphological
character.

2 SHORT DESCRIPTION OF FASTBEE SEISMIC PARAMETERS.

Application of FastBEE tools was based on the temporal analysis of a set of four seismicity
parameters, as they are described in the Papadopoulos et al., (2003). These parameters are the
quantity logN, i.e the number of earthquakes per unit time. Estimates of b-value, obtained by
means of the maximum likelihood estimation method (Gusev, 1976; Van Wormer et al., 1976;
Shoumilina, 1978), and the relationship proposed by Zavyalov and Sobolev, 1980, as follow:

bzlg 1+00L [ AM

z nNMminwAM

n=0

With 5, =1/,/N,

where Ny is the number of earthquakes in the time window considered for analysis; N is the number
of earthquakes in the magnitude range Mmin+nam; N=0,1,2,3,4 ... is the weighting factor , Ay is the
unit of the magnitude range equal to 0.25 and oy, is the standard deviation of b determination.
Spatial clustering of earthquakes AR(t), were obtained with following relationship:

AR()= LS ar

1
N[ i=1

where

Ar, = \/(xi—l _xi)z (V- yi)2 +(z, - Z,')z

and energy released as:

N,
F(t) _ inZ/S
i=1

where energy E is derived using the relationship, logE=1.5Ms+4.7, proposed by Papazachos and
Papazachos (2000) for Greek territory.
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Figure 1a. Seismicity map in the lonian Sea region during 1943-1963. Stars with number show the main events
reported in the table 1)
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Figure 1b. Seismicity maps in the lonian Sea region during 1966-1989. Stars with number show the main events
reported in the table 2)
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Figure 1c. Seismicity maps in the in North Aegean Sea region during 1970-1990. Nnumber show the main
events reported in the table 3)

3 DATA AND ANALYSIS

The data used in the calculations was taken from the Earthquake Catalog of Greece
(Comninakis and Papazachos, 1986) till 1965 and afterwards from the Earthquake Catalog of the
Geodynamic Institute, of the National Observatory of Athens (NOA), Greece.

Application of the FastBEE tools have shown, figure 2, that seismic data, for the period 1920 to
2004 present some clear, step like, increment in the mean b-value estimation, in the periods 1943
to 1965, 1966 to 1990 and 1991 to 2004, observation, which show how sensitive is parameter b to
the catalogue differences or incompetence. On the other hand this observation permits to consider
these time interval homogeneous for our purpose. For this reason temporal variation analysis were
performed within each previously mentioned homogeneous period. With regard to the accuracy in
the epicenter location, we consider the difference of the coordinates between successive
earthquakes and this procedure does not affect the temporal variation of the A(R).

All parameters were estimated from the sum Ns of the number of the earthquakes within a 19
months (in this work) time interval, especially b-values were attributed at the end of each time
window. Remarkable temporal variation of b can be considered when they exceed 1o or (70%).
Temporal variation for each parameter was obtained on overlapping time window running with step
of one month. To smooth out the irregularities of each time series a triangular window function - in
order to avoid significant side lobs-, is applied (Papadopoulos and Baskoutas, 2003).

The use of routine or worst, an incomplete earthquake catalogue, to obtain directly some
seismic parameters, it's a questionable matter. To overpasses the problem there area two
possibilities or by refining the earthquake catalogue, that is a very difficult task, either using a robust
analysis, like in the work, of existing data within the limits of its applicability. According to some
researcher the use of routine catalogs of earthquakes to describe the dynamics of seismic region
and derive precursory seismic patterns to make predictions can be useful too (Kossobokov and
Shebalin, 2003)
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Figure 2. Long temporal variation of logN, b-value estimates for the period 1943-2004, in the lonian Sea region.
Segments on b-value graph, shows the period of analysis (1943-1963 and 1966-1990)

4 CASE STUDY IN THE IONIAN SEA AND NORTH AEGEAN SEA REGIONS.

FastBEE tools, was applied for long and short time interval, covering the period of the
instrumental seismological observation in Greece, i.e. from 1900 to present, in two regions of
Greece, which have been affected by a series of strong earthquakes in the 20" century, August 12,
1953 Kephalonia and August 6, 1983 Lemnos earthquakes. The long temporal variation analysis at
lonian Sea region and North Aegean Sea comprises three periods, 1943 t01962, 1966 t01989 and
1970 to 1990 respectively.

An area of about 70Km? under investigation, in both regions are defined by the coordinates
37.6N, 38.9N, 20.0E, 21.5E and 39.3N, 40.6N, 24.0E, 25.6E, in order to cover the seismogenic
area of the examined earthquakes. In figures 1a, 1b and 1c the seismicity maps for all three
periods, 1943-1963 and 1966-1989 for lonian Sea, and 1970-1990 for North Aegean Sea regions
respectively, can be seen. Afterwards no significant seismic activity with strong earthquakes exists
in the examined areas. Before 1943 and 1970 for the lonian Sea and the north Aegean Sea regions
respectively, analysis can not be performed because of the lack of data (figure 2).

Results of these analyses are shown in the figures 3, 4 and 5 respectively. Output graph of the
seismic parameters drawings with their respective standard errors can be shown, in figure 3, 4 and
5. In the same graph the mean value (dashed line, parallel to time axis) of the respective parameter
for the entire examined time period and standard error 7o (continue lines parallel the mean line, in
both sides) can be also shown, as well as the number and magnitude of main strong earthquakes.
Seismic parameters of these earthquakes for both areas and periods are reported in tables 1, 2 and
3. Large standard errors of b-value in figures 3 and 5, reflect the data deficiency, but still they are in
the limits of the acceptance, showing thus the clear regular fluctuation of the temporal variation
especially for b-value and energy released.

Long temporal variation of the parameters estimates depicts a repeating regular wavy form
characteristic pattern. Qualitatively this pattern can be described by the clear and regular
fluctuation, which rise and fall in each time series signalize the earthquake occurrence. Namely, b-
value estimates, shows a clear mountain shape form and fore coming earthquake to be localized at
the end right slope.

In the opposite parameter E? passes a minimum, of a valley shape form, before the strong
earthquake occurrence and then increase as seismic activity develops further to the aftershock
activity. AR(t) clustering doesn’t show a regular course, limited extension of the area under
investigation, geodynamic complexity and differences of the distinct nature of the region’s seismicity
may be reflects its temporal behavior. Quantity logN(t) pattern, in most of the cases, shows the
same behavior as parameter E?3 forming a valley, before the strong earthquake occurrence,
indicating somehow a seismic quiescence. Parameter AR(t) seems to be more sensitive on the
seismotectonic geometry and on the period of formation of the earthquake source, which can
involve complex and rapid fluctuation of the parameters considered (Ponomarev et al., 1997).
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Figure 3. Long temporal variation of logN, b-value estimates, AR(t) and E?° seismic parameters for the period
1943-1963, in the lonian Sea region.
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Figure 4. Long temporal variation of logN, b-value estimates, AR(t) and E?° seismic parameters for the period
1966-1990 in the lonian Sea region.
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Figure 4. Long temporal variation of logN(t), b-value estimates, AR(t) and E** seismic parameters for the period
1970-1989, in the North Aegean Sea region.

Table 1. Strong earthquakes parameters, for the lonian sea area of figure 1a, during 1943-1963.

Year Month Date Origintime Lat Lon Depth Ms

1953 Aug 11 033222.0 38.30 20.80 10 6.7
1953 Aug 12 0923520 38.30 20.80 10 7.2
1953 Aug 12 120521.0 38.00 21.00 10 6.3
1953 Oct 21 18 3952.0 38.50 20.90 5 6.3
1959 Nov 15 170843.0 37.80 20.57 10 6.7
1962 Apr 10 21377.0 37.80 20.10 10 64
1962 Jul 6 091616.0 37.80 20.20 10 6.3

Table 2. Strong earthquakes parameters, for the lonian sea area of figure 1b, during 1962-1989.

Year Month Date Origintime Lat Lon Depth Ms

1972 Sep 17 1407 13.1 38.12 20.25 5 59
1983 Jan 17 1241309 37.97 20.25 9 6.2
1983 Mar 23 2351076 38.19 20.40 10 5.7

Table 3. Strong earthquakes parameters, for the North Aegean Sea area of figure 1c, during 1970-1990.

Year Month Date Origintime Lat Lon Depth Ms

1982 JAN 18 1927249 39.78 2448 5 6.3
1982 JAN 18 1931149 40.01 2431 29 5.4
1983 AUG 6 154353.3 40.08 24.81 22 6.6
1983 OCT 10 1016579 4044 2543 8 54
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5 CONCLUSIONS

Long temporal variation analysis with FastBEE tools in the Hellenic territory have shown the
existence of clear premonitory seismicity pattern, which in most of the cases, shows remarkable
change in the basic characteristics of the seismicity. Fluctuation of the parameters considered
depict the rise of irregularity in time, which was formulated in a specific qualitative premonitory
seismic pattern (FastBEE premonitory seismic pattern) for the examined seismogenic areas.

It is remarkable to mention that this pattern is not sensitive to the extension and area shape,
arbitrary in some sense, definition, but to the geodynamic regime, which dominate over the entire
region. In this sense regions with distinct nature of the seismicity (or distinct geodynamic features)
and period of formation of the earthquake source, affect time clustering patterns, producing
complex and rapid fluctuation of its behavior.

Moreover are still not formulated the quantitative features of FastBEE pattern. Application
should extent in different seismogenic zones in Greece and abroad in order to formulate accurately
its temporal premonitory behavior. Geophysical and seismotectonic information may can contribute
to effort.
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