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ABSTRACT

A study of the seismicity of the region of Florina as well
as of the seismic hazard for the city of Florina are presented
in this work. The seismicity in the area of Florina is studied,
on the basis of historical and instrumental data. The data
include also records of the local seismological station of
Florina, which is in operation since November 1989. The seismic
hazard for the city, 1is assessed in terms of macroseismic
intensity, ground acceleration, ground velocity and spectral
accelaration. It was found that the city is not affected by
earthquakes of short epicentral distances, since strong shocks
(M>5.5) are not generated within a distance of about 45 Km from
the city, but it can be affected by very strong events generated
at longer distances from the c¢ity of Florina. The time-
predictable model for generation of shallow earthquakes in this
area is also applied. The obtained results showed that an
earthquake of a magnitude M=5.3 will occur in the area with a
probability of 33% in the next 10 years, while this probability
increases (76%) when the same magnitude is calculated for the
next 20 years.
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IEPIAHWYH

TNV epyacia auTih yivetal AETTOUEPNHG HEAXETN ne
OELOULUSTNTAG aTNV TeploXy Tng SAdplvag xaL TNg OCetopLuig
EMLHLVOLVSTNTAG YLd TNV TEAn. EfetdleTtatl n celopuudTnTta pe Bdon
TOCO TOLG LOTopLnolg gelopols SO0 ML TOVG CelOHOUBG TOU TAPSVTA
at@va Tou €yLvav oToV guplTIEpo XWEO TNg PAWpLvag. MeTafd auTtdv
elvar nar Tta dedougdva mouv E€)Xouv HATAYPAPEL OATMS TOV TOMLKS
geLoporoyind otabud Tng PAwpLvag o omoliog AeiLTouvpysl and To
NoguBpiro touv 1989. TivetalL emniong entipnon nuat TNg OCeLgulxig
eEMLHLVEUVETNTAS TnNg TSANG He Pdon Tn HAXPOTELOULKHN €vTaon, TNV
ebapiunny emMLTEAYLVON HaL TAXVTNTA HAL TNV QAOUATIHY €TLTEXLVOT.
Bpé€Onue Sti n mSAn Bev ameltreiTal and OeLouoUg  HOVTL VAV
aroogtdgswy, agol Bev umdpxouvv eoTieg tagyvpwv (M>5.5) geLoudv
HEXPL TNV amdotacon Twv 45 Km mepimov, eviodtolg o nivduvog and
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Harp L vETEpOoLS Loxvpols oetlopols dev elval avimaputog. To xpovixd
eEAPTWUEVO HOVTEAO, YLa THV YEVECH ETLEAVELAMWY JeLOUDY,
epapprSoTnxe otnv Teploxfi. Ta anoteréopata €8eitfav STL LMAPXEL
mLBavstnta 33% va yivel geLopdg peyEBoug M=5.3 Ta sndpeva 10
Xpdvia otnv mepLoxl] tTng PAdpLvVag, evd n mLOavdTnTa auidvelr (76%),
YLa cgeLopd i(dLov peye€bouvg, yia Ta emSueva 20 xpdvia.

INTRODUCTION

The area of Greece is seismically one of the most active
regions of the world. The 2% of the mean annual global energy
releases from this region (Tsapanos 1985). Greece has the highest
seismicity in the western Eurasia. For this reason a large number
of studies are referred to the seismicity of the area (Comninakis
and Papazachos 1980, Papazachos 1980, Hatzidimitriou 1984, Hat-
zidimitriou et al. 1985, Tsapanos 1988, Papazachos 1989, 1990}.
We considered the seismicity as an increasing function of the
earthquake magnitudes as well as of the number of the earthquakes
which occurred in a region during a certain time span.

The term of seismic hazard defines the probability of the
occurrence of a given earthquake magnitude or a macroseismic
intensity or a ground acceleration, velocity in a region during
a certain time period. The seismic hazard based on the
prereferred parameters has been determined for the area of Greece
by many seismologists (Makropoulos and Burton, 1985; Papaiocannou,
1984, 1986; Stavrakakis, 1985; Papazachos et al., 1990, 1992).

Based on the most reliable and accurate data, the seismicity
of the broader area of the city of Florina is determined in the
present work. The seismic hazard of the city of Florina (40.78°N-
21.40°E) is evaluated on the basis of the macroseismic intensity,
the ground acceleration, velocity, and the spectral accelaration.

THE GEOTECTONICS OF THE AREA

The region cof Florina is a part of the broader Neogene-
Quaternary basin of Monastiri-Florina-Ptolemaida-Kozani. This
intra mountain basin created in a NNW-SSE direction along the
oreographic axis of Hellenides. The basement (bed-rock) of the
area belongs to the north Pelagonian geclogical zone, which con-
sists of Palaeczoic metamorphic rock and the Mesozoic carbonate
cover. Younger subbasin, trending NE-SW, developed almost perpen-
dicular to the main basin. A post-middle Miocene age could be
considered as the most acceptable cone for the initial creation
cf the Florina and Ptolemaida basins (Pavlides, 1985). Twoc exten-
sional phases have been detected in the areas after a guantita-
tive nectectonic analysis (Pavlides and Mountrakis, 1987) a late
Miocene-Pliocene cne with a NE-SW average direction of extension
and a recent Pleistocene cne with a NW-SE direction of extension.

EXPERIMENTAL SETTING

Three sources of data were used for the compilation of a
catalogue which forms the data set of the present study: 1) the
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catalogue of Comninakis and Papazachos (1986), 2) the monthly
bulletins of the Geophysical Laboratory of the University of
Thessaloniki and of the National Observatory of Athens and 3) the
catalogue of Papazachos and Papazachou (1989}).

It is well known that critical problems involved in the
seismicity studies are the accuracy, the homogeneity and the com-
pleteness of earthquake data. Discussions on the accuracy and
homogeneity can be found in particular catalogues. In order to
determine the completeness of data, a procedure based on the
linearity of the cumulative number of main shocks versus time is
applied (Papazachos, 1980). The data are complete for the follo-

wing magnitude (M, is adopted) ranges and the corresponding time
periods:

M >5.5 1858-1991
M>5.0 1905-1991
M>4.5 1911-1991
M2>4.0 1964-1991
M>3.5 1982-1991

In figure (1) the plot of the cumulative number of main shocks,
N, for these five magnitude ranges is demonstrated.
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Fig.1l. Plot of the cumulative number of main shocks N versus time
for five magnitude ranges
THE SEISMICITY OF THE AREA
The area is generally characterized by low seismicity, and
the strongest earthquake during the present century occurred in
February 18, 1911 with Ms=6.7 (Comninakis and Papazachos, 1986;
Papazachos and Papazachou, 1989) in the SE part of Ochrid lake.
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The spatial distribution of the epicentres of all the shocks
referred in the catalogue is given in figure (2). Although the
epicenters are spreaded almost all over the area, there are areas
characterized by major or minor activity. The majority of the
epicenters 1s located in the Greece-Albania-Yugoslavia borders,
in the Epirus region and in the area of Goumenissa, where the
recent strong (M =6.0) earthquake of 21st of December 1990 oc-
curred (Panaglotopoulos et al., 1993). All the earthquakes gene-
rated in the region are shallow ones, and the seismogenic layer
has a depth of about 10 Km.

Following the fact that the epicenters of earthquakes, with
M >3.0 occurred in the region, show a tendency of clustering at
particular areas (fig. 2), an attempt was made to examine the
seismicity in terms of the areal distribution of the values of
the parameter, a, of the Gutenberg-Richter relation using ¥
catalogue constructed for the present study (covered time span
1858-1992). All the examined area was covered by grid of points
with 0.2 degrees spacing. Around each knot of the grid, all the
shocks within a circle with radius R=20Km were considered. Then
using the predetermined value of the parameter b (=0.80) which
is valid for the area (Papazachos, 1990}, the parameter a, of the
relation:

a, = logN + bM (1)
normalized to one year, a, was calculated in terms of a computer
program compiled by Hatzidimitriou (1984). The values of the
parameter a were plotted and contours were drawn with interval
0.2, using the SURFER PC-computer package by the application of
the "inverse distance" method. The map of figure (3) illustrates
the results, obtained, for the area. Three clusters of high
seismic activity can be distinguished. The two of them, south
of Ochris-Prespa lakes, are associated with the shocks within a
source with M =6.5 (Papazachos, 1990), while the third one is
related to the December 21, 1990 Goumenissa earthquake.

The recent experience of the last 10 years from the seismic
activity in Greece show that even moderate (M=5.5 + 0.3) mag-
nitude earthquakes may cause considerable damage to populated
centers. Moreover recent research efforts lead to a reliable
time- and magnitude - predictable model for the earthquake pre-
diction (Papazachos and Papaioannou, 1993). For this reason we
consider all the earthquakes located at northwestern Macedonia
(Florina and surroundings), which do not belong to any seismic
source of strong earthquakes. The constant a of the relation
(1) was determined from the present century data and was found
equal to a=3.57. The strongest known earthquake (M=6.0) in this
area occurred in 896 AD and caused damage (I,=VIII) to Veria
(Papazachos and Papazachou, 1989}. Using the moment of this
earthquake and the values of the parameters a and b the moment
rate, M, of this area was found equal to 3.72*10% dyn*cm/yr.
Using this value of the moment rate as input in the formula
proposed by Papazachos and Papaioannou (1993) in their time- and
magnitude- predictable model, we found that for the next 10 and
20 years time window a magnitude 5.3 earthquake has probability
of occurrence 33% and 76% respectively, given that 6 years passed
since the last earthquake with magnitude 5.4 on January 7, 1987.
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SEISMIC HAZARD OF THE AREA

The probabilistic assessment of seismic hazard at a
particular site is defined as the estimation (with a certain
deqree of uncertainty) of the exceedance probability of a given
seismic intensity (macroseismic intensity, peak ground values or
their spectral values) within a given time period. The output of
such seismic hazard assessment can be used in the seismic design
of the constructions. An extended review of the seismic hazard
methods applied in Greece can be found in Makropoulos et al.,
(1993).
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Fig.2. Spatial distribution of the epicenters of earthquakes
occurred in Florina and surrounding area.
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Fig.3. Seismicity of Florina and surrounding area.

A realistic approach of the anisotropic radiation of the
strong motion in near field has been proposed by Papazachos C.,
(1992). The elliptical shape of the anisotropic radiation model
was adopted by the same study. Thus the next equation has been
proposed (Papazachos C., 1992):

I(e)=1 + (v/2)*log(S) (2)

where I (@) is the azimuthal variation of inptensity in the
epicenter, ¢ is the azimuth of the main axis of elliptical model,

I, 1s the the I (¢) along the minor axis of the elliptical
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anisotropic radiation model, v 1s the geometrical spreading
factor (with average value for Greece v=-3.39)}, S is a function
of the ellipticity of the isoseismal, the azimuth of the major
axis of the isoseismal and the azimuth of the source-site path.
In the present study we examine the seismic hazard wusing the
McGuire’s (1976) EQRISK computer program as it was modified
(Margaris, pers. comm.) after incorporating the equation (2).

The seismic source model used is the one proposed by
Papazachos C., (1992) and the seismic hazard was examined for the
macroseismic intensity, peak ground acceleration and velocity.
The attenuation relations used are those proposed by Margaris and
Papazachos (1992} (for the macroseismic intensity, I,) and by
Theodulidis (1991) (for the peak horizontal acceleration, a, and
velocity, \ar which are:

I, = 2.90 + 1.61M_~ 1.691n(R+16) (3)
Ina, = 3.88 + 1.12M_ - 1.651ln(R+15) + 0.41S + 0.70P (4)
lnv, = -0.79 + 1.41M - 1.621n(R+10) - 0.22S + 0.80P (5)

where M_ is the surface wave magnitude, R is the epicentral dis-
tance, § is the soil conditions parameter {S=0 for "alluvium” and
S=1 for "rock") and P is a binary parameter with value either
equal to 0 (mean attenuation) or equal to 1 (mean+lag).

For the macroseismic intensity we used both the relation (3)
as a mean attenuation formula for all the sources (circle model)
affecting the city as well as incorporating anisotropic radiation
(elliptical model) of the strong motion {Margaris and Papazachos,
1991). The graph in figure (4a) shows the macroseismic inten-
sity, Ty as a function of the mean return period, T,, assuming
no effect of the anisotropic radiation (dashed line) and con-
sidering the anisotropic radiation (continuous line). It can be
seen that the results obtained using the first model are higher
than those obtained from the second one. This is due to the fact
that in the case of the second model the city is located at a
site which 1is at the direction of the highest attenuation
gradient {minor axis of the ellipsis). The graphs in figures (4b)
and (4c) show the horizontal peak ground acceleration and
velocity respectively as a function of the mean return period.
According to the new greek seismic code the city of Florina is
located at the first zone of seismic hazard in Greece. The dashed
line in figure (4b) shows the seismic hazard curve (lna, vs T )
for this zone of seismic hazard. 2

Papazachos et al. (1990) found that the results from the
hazard analysis, i.e. any of the seismic hazard parameters, SI,
versus the mean return period for T,1000 yrs can be fitted by a
log-linear equation of the type:

SI = B, + B,*logT, (6)

The constants B, and B, for the peak ground acceleration (lna_)
were found equai to 2.68 and 0.78 respectively. S
Theodulidis (1991) developed a method for the estimation of
the probabilistic response spectra. Following this method and
considering anisotropic radiation of the attenuation of the
spectral values, we calculated the probabilistic response spectra
for the city of Florina. The type of the proposed attenuation
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formula of the spectral values is similar to the formula (4). We
determined the probabilistic response spectra (pseudo-
acceleration, S, wversus T) for the city of Florina by
considering "intermediate soil conditions” ($=0.5) for two mean
return periods (T,=50 and 475 years). These two probabilistic
response spectra are shown in figure (5).
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Fig.5. Plot of the probabilistic response spectra for the city
of Florina.
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