A MICROSEISMICY PRECURSOR BEFORE THE DECEMBER 21, 1990
EARTHQUAKE (M(=5.3, NORTHERN GREECE)

Karakaisis,G.F.

Geophysical Laboratory, University of Thessaloniki, 54006
Thessaloniki, Greece.

ABSTRACT

By examining the small magnitude seismicity rate in a
seismic source in northern Greece, where a strong earthquake
occurred in December 1990 (M=5.9), it was found that a
significant increase of the seismicity rate had started since May
1988, that is, 2.6 years before the main shock. This result
strengthens recent observations on the behaviour of the seismic
activity during the seismic cycle, which revealed that the
second main shock of the cycle is preceded by a period of
increased activity with a duration of about 2.7 years.

NPOAPOMH METABOAH TOY PYOMOY T'ENEZHE MIKPQN TEITZMQOQN IIPIN
A0 TO TEITMO THE 21 AEKEMBPIOY 1950. (M;=5.9, BOPETA EAMAAR).

Kaparationg,I.

OEPIAHVYH

Ztnv epyacia aurh efetdletal o pLBUSS YEVEDNG HLUPWV TE LOUWV
oe ceLopLunr My Tng Bdépsiag EAAddag, otnv omola €yiLve oelLoudg
To RexéuPpLo touv 1990 pe péyefog M=5.9. Bpebnue, STL and To Mdio
Ttouv 1988 o pubBuds ocewopiundtnTag elixe apyxiger va avfdvetal oe
oxéan ue To puLvBud ToLv TmMponyolpevoLv Xxpovirol diactripatog. To
yeyovdsg, STL n didprera tng Teplddouv Pniold pupBol ceLTULHETNTAG
Htav (on pe 2.6 xpdvic, LOXUPOTOLEL TG ONMOTEAECUATO TPSIPATNG
€pevvag TEvw oTn peTaforr Tng getopLrdtnTtag natd tn didpreLla Tou
OELOULKHOY MUOKMAOL, OUHewVA HE Ta omolia mapatnpeltat pid meplodog
QUENHEVOL PLBHOY CELOULHSTNTAG TPLY Tov MUPpLO TELOPd (on pe 2.7
Xpoévia, uotd pEco Spo.

INTRODUCTION

The behaviour of the seismic activity during a single
seismic cycle has been being the subject of many seismicity
studies. Recent work on the nature of the seismic cycle resulted
in the refinement of the different phases of the cycle, which
actually reflect time wvariations of earthquake occurrence
frequency (Mogi, 1981; Ellsworth et al., 1981; Karakaisis et al.,
1981 .

The most recent results (Karakaisis et al., 1991}, which are
depicted in Fig.l and concern shallow main shocks, show that the
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post-shock activity follows the first main shock of the seismic
cycle and lasts up to several years, with its duration being
dependent on the magnitude of the main shock. Then, the
seismicity drops to the background level. During the last one-
fourth of this phase, the seismicity exhibits a tendency to
increase gradually. This phase, with a duration depending on the
magnitude of the first main shock, is followed by a period of
increased activity with an average duration of about 2.7 years,
which culminates before the second main shock, while its duration
does not depend neither on the first nor on the second main shock
magnitudes.
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Fig.l. Temporal variation of the seismic activity during a single
seismic cycle.

It is the purpose of the present paper to present a case
history of such precursory increase of the small magnitude
seismic activity by analysing the seismicity rate before the
December 21, 1990 earthquake (M=5.9, Northern Greece).

DATA AND METHOD

On December 21, 1990 a M=5.9 earthquake occurred in
Northern Greece, in one of the seismogenic sources into which
Greece and the surrounding areas have been divided (Fig.2). This
separation has been obtained on the basis of geomorphological
criteria, of spatial clustering of epicenters of strong
earthquakes, on the seismicity level, on the maximum earthquake
observed and on the type of faulting (Papazachos and Papaioannou,
1993).

Since we are interested in the small-magnitude seismicity
variations, we took advantage of the data of Scordilis (1985) for
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the period 1981-1984, of Scordilis et al. (1989) for the period
1985-1986 and of Scordilis et al.{1992) for the period 1987-1990.
These catalogues concern earthquakes which occurred in the
broader area of N.Greece and have been recorded by the telemetry
seismological network of the Geophysical Laboratory of the
Aristotelian University of Thessaloniki.
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Fig.2. The seismogenic source, into which the M=5.9 earthquake
occurred (December 21, N.Greece).

As it 1is known, the main problem in treating earthquake
catalogues for the determination of seismicity rate changes,
which might reflect changes in tectonic processes, 1is the
recognition and the elimination of changes which may have been
introduced during the compilation of the catalogues. These man-
made changes have been described in detail by Habermann (1987a)
and concern changes that are related to the detectability of the
seismological networks which monitor and locate events (detection
changes), changes that are related to lack of reporting of
magnitudes for detected events (detecting changes) and changes
in the magnitude determination (magnitude shifts).

Studies on the detectability of the seismological network
of the Geophysical Laboratory showed that every earthquake that
occurrs in the broader area of N.Greece, with M 22.1, is recorded
and can be accurately located. On the other hand, the
seismological network that monitored the earthquakes has been
being continuously in operation since 1981. Furthermore, the
magnitude determination procedure has been based on measurements
of the recordings of these stations, remaining unaltered during
the last ten years. For these reasons, the data used are complete
and homogeneous and probable variations will be the manifestation
of ongoing tectonic process.
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Fig.3. Seismicity rates for different cut-off magnitudes.
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Fig.4. Seismicity rate of the earthquakes of Fig.3 with cut-off
magnitudes M =2.1-3.3, which were reduced to M=2.7

RESULTS

Figure 3 shows the cumulative earthquake occurrence
frequency in the seismogenic source of Fig.2 since January 1981
until December 20, 1990, that is, one day before the main shock,
for different cut-off magnitudes. It 1is observed that the
seismicity rate was slowly increasing until April 1988. Since May
1988 the seismicity rate became higher and remained almost
constant until the main shock occurrence. It seems, however, that
for larger cut-off magnitudes (M 23.4), the seismicity rate
decreased after Rugust 1989.

For a better representation of the increasing trend of the
seismicity rate, the magnitudes of all the earthquakes that
followed this trend (M=2.3-3.3) were reduced to M=2.7. The
result of this procedure is depicted in Figure 4.

It has been pointed out (Habermann 1987b; Matthews and
Reasenberg, 1986) that visual evaluation of seismicity data is
not adequate for recognition of anomalies of seismicity rate, and
some sort of quantitative tools must be used for examining these
data. The test which has been most extensively used and tested
for comparing seismicity rate changes is the z-test for a
difference between two means (Habermann 1987b}).

Seismicity rate changes are defined in terms of the rates
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during the two time periods which procede and follow the changes.

In order to compare those rates, the mean rates during the
two periods (M, and M,), the standard deviations of those rates
(8, and 8,) and the number of samples in each period (N, and Nﬁ
have to be determined. Then, the z-statistic for the change is
calculated by the formula:

M,-M
B 1
(352
Nl NZ

The z-statistic was applied on the data of Figure 4 and it
was found that the z-value is equal to 3.73. This value is
comparable with those found by several authors, who detected
significant rate changes before strong earthquakes (Wyss et
al.1984; Wyss and Habermann 1986).

CONCLUSION

The temporal variation of the small magnitude seismicity
before a M=5.9 main shock is examined. It was found that a
significant increase (z=3.73) started 2.6 years before the main
shock. During these years, the seismicity rate was about 3 times
higher than the rate of the previous time interval. This
observation reconfirms previous results (Karakaisis et al. 1991).
The same procedure was applied on the earthquakes of several
other sources of Greece with data from the recently published
yearly earthquake catalogues that have been compiled by the
Geophysical Laboratory of the University of Thessaloniki. The
results seemed encouraging but more work is needed, since the
minimum cut-off magnitudes of the earthquakes considered are
higher (M,23.1) than those of the present study and it has been
suggested that the friction law between earthquakes with
magnitudes greater than 3 and smaller than 3 has distinctly
different parameters (Aki;1986).

The above mentioned results, in combination with the results
of the application of the time predictable model proposed by
Papazachos and Papaioannou (1993), as well as a denser network
of seismological stations, might enhance our ability towards
intermediate-term earthquake prediction.
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