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Α Β S Τ R Α C Τ 

Α study οί the seismicity of the region of F10rina as we11 
as of the seismic hazard for the city of F10rina are presented 
in this work. The seismicity in the area of F10rina is studied, 
οη the basis of historica1 and instrumenta1 data. The data 
inc1ude a1so records οί the loca1 seismo1ogica1 station of 
F1orina, which is in operation since Novernber 1989. The seismic 
hazard for the city, is assessed in terms of macroseismic 
intensity, ground acce1eration, ground ve10ci ty and spectra1 
acce1aration. It was found that the city is not affected by 
earthquakes of short epicentra1 distances, since strong shocks 
(Μ>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 city of F1orina. The time­
predictab1e mode1 for generation of sha110w earthquakes λη this 
area is a1so app1ied. The obtained resu1ts showed that an 
earthquake of a magnitude Μ=5.3 wi11 occur in the area with a 
probabi1ity of 33% in the next 10 years, whi1e this probabi1ity 
increases (76%) when the same magnitude is ca1cu1ated for the 
next 20 years. 

ΣΕΙΣΜΙΚΟΤΗΤΑ ΚΑΙ ΣΕΙΣΜΙΚΗ ΕΠΙΚΙΝΔΥΝΟΤΗΤΑ ΤΗΣ ΠΟΛΗΣ ΤΗΣ ΦΛΩΡΙΝΑΣ 

τσάπανος,Θ.Μ., Πα~αιωάννoυ,x.A. και ΜάΡΥαρης,Β.Ν. 

Π Ε Ρ Ι Λ Η Ψ Η 

Στην εργασία αυτή γίνεται λεπτομερής μελέτη της 

σεισμικότητας στην περιοχή της Φλώρινας και της σεισμικής 

επικινδυνότητας για την πόλη. Εξετάζεται η σεισμικότητα με βάση 

τόσο τους ιστορικούς σεισμούς όσο και τους σεισμούς του παρόντα 

αιώνα που έγιναν στον ευρύτερο χώρο της Φλώρινας. Μεταξύ αυτών 

είναι και τα δεδομένα που έχουν καταγραφεί από τον τοπικό 

σεισμολογικό σταθμό της Φλώρινας ο οποίος λειτουργεί από το 

Νοέμβριο του 1989. Γινεται επίσης εκτίμηση και της σεισμικής 

επικινδυνότητας της πόλης με βάση τη μακροσεισμική ένταση, την 

εδαφική επιτάχυνση και ταχύτητα και την φασματική επιτάχυνση. 

Βρέθηκε ότι η πόλη δεν απειλείται από σεισμούς κοντινών 
αποστάσεων, αφού δεν υπάρχουν εστ ί ες ισχυρών (Μ>5. 5) σε ι σμών 

μέχρι την απόσταση των 45 Km περίπου, εντούτοις ο κίνδυνος από 
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μακρινότερους ισχυρούς σεισμούς δεν είναι ανύπαρκτος. ΤΟ χρονικά 

εξαρτώμενο μοντέλο, για την γένεση επιφανειακών σεισμών, 

εφαρμ6στηκε στην περιοχή. Τα αποτελέσματα έδειξαν ότι υπάρχει 

πιθαν6τητα 33% να γίνει σεισμός μεΥέθους Μ=5.3 τα επόμενα 10 
χρόνια στην περιοχή της Φλώρινας, ενώ η πιθανότητα αυξάνει (76%), 
για σεισμό ίδιου μεγέθους, για τα επ6μενα 20 χρόνια. 

INTRODUCTION 

The area of Greece is seisrnica11y one of the most active 
regions of the wor1d. The 2% of the rnean annua1 g1oba1 energy 
re1eases frorn this region (Tsapanos 1985). Greece has the highest 
seisrnicity in the western Eurasia. For this reason a 1arge nurnber 
of studies are referred to the seismicity of the area (Comninakis 
and Papazachos 1980, Papazachos 1980, Hatzidimitriou 1984, Hat­
zidirnitriou et a1. 1985, Tsapanos 1988, Papazachos 1989, 1990). 
We considered the seisrnicity as an increasing function of the 
earthquake rnagnitudes as we11 as of the nurnber of the earthquakes 
which occurred in a region during a certain time span. 

The terrn of seismic hazard defines the probabi1ity of the 
occurrence of a given earthquake magnitude or a macroseismic 
intensity or a ground acce1eration, ve10city in a region during 
a certain tirne period. The seisrnic hazard based οη the 
prereferred pararneters has been deterrnined for the area of Greece 
by many seismo1ogists (Makropou1os and Burton, 1985; papaioannou, 
1984, 1986; Stavrakakis, 1985; Papazachos et a1., 1990, 1992). 

Based οη the rnost re1iab1e and accurate data, the seismicity 
of the broader area of the city of F10rina is determined in the 
present work. The seismic hazard of the city of F10rina (40.78~­
21.40

0
Ε) is eva1uated οη the basis of the macroseismic intensity, 

the ground acce1eration, ve1ocity, and the spectra1 acce1aration. 

ΤΗΕ GEOTECTONICS ΟΡ ΤΗΕ AREA 

The region of F10rina is a part of the broader Neogene­
Quaternary basin of Monastiri-F1orina-Pto1ernaida-Kozani. This 
intra rnountain basin created in a NNW-SSE direction a10ng the 
oreographic axis of He11enides. The basernent (bed-rock) of the 
area be10ngs to the north Pe1agonian geo1ogica1 zone, which con­
sists of Pa1aeozoic metarnorphic rock and the Mesozoic carbonate 
cover. Younger subbasin, trending NE-SW, deve10ped a1rnost perpen­
dicu1ar to the main basin. Α post-midd1e Miocene age cou1d be 
considered as the rnost acceptab1e one for the initia1 creation 
of the F10rina and Pto1ernaida basins (Pav1ides, 1985). Two exten­
siona1 phases have been detected in the areas after a quantita­
tive neotectonic ana1ysis (Pav1ides and Mountrakis, 1987) a 1ate 
Miocene-P1iocene one with a NE-SW average direction of extension 
and a recent P1eistocene one with a NW-SE direction of extension. 

EXPERlMENTAL SETTING 

Three sources of data were used for the compi1ation of a 
cata10gue which forrns the data set of the present study: 1) the 
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c~talogue 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
p1eteness of earthquake data. Discussions οη the accuracy and 
homogeneity can be found in particular catalogues. Ιη order to 
d~termine the completeness of data, a procedure based οη the 
linearity of the cumulative number of main shocks versus time is 
applied (Papazachos, 1980). The data are complete for the follo­
wing magnitude (Μι is adopted) ranges and the corresponding time 
periods: 

Μι?5.5 1858-1991 
Μι?5. Ο 1905-1991 
Μι?4.5 1911-1991 
Μι?4.0 1964-1991 
Μ ι?3.5 1982-1991 

Ιη figure (1) the plot of the cumu1ative number of main shocks, 
Ν, for these five magnitude ranges is demonstrated. 
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Fig.l. Plot of the cumulative nurnber of main shocks Ν versus tirne 
for five magnitude ranges 

ΤΗΕ SEISMICITY OF ΤΗΕ ΑΗΕΑ 

The area is generally characterized by low seismicity, and 
the strongest earthquake during the present century occurred in 
February 18, 1911 with Μ =6.7 (Comninakis and Papazachos, 1986; 
Papazachos and Papazacho~, 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 οί the 
epicenters is 10cated in the Greece-Albania-Yugoslavia borders, 
in the Epirus region and in the area of Goumenissa, where the 
recent strong (Μ=6.0) earthquake of 21st οί December 1990 oc­
curred (Panagiot6poulos et al., 1993). ΑΙΙ 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 
ML~3.0 occurred in the region, show a tendency οί clustering at 
particular areas (fig. 2), an attempt was made to examine the 
seismicity in terms of the areal distribution οί the values οί 

the parameter, a, οί the Gutenberg-Richter relation using Υ 

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

k 
of the 

relation: 

a
k 

= 10gN + bM (1 ) 

normalized to one year, a, was calculated in terrns of a cornputer 
program compiled by Hatzidirnitriou (1984). The values οί the 
pararneter a were plotted and contours were drawn with interval 
0.2, using the SURFER PC-cornputer package by the application of 
the "inverse distance" rnethod. The rnap of figure (3) illustrates 
the results, obtained, for the area. Three clusters οί high 
seisrnic activity can be distinguished. The two of thern, south 
οί Ochris-Prespa lakes, are associated with the shocks within a 
source with Μ =6.5 (Papazachos, 1990), while the third one is 
related to th~XDecember 21, 1990 Goumenissa earthquake. 

The recent experience οί the last 10 years from the seismic 
activity in Greece show that even moderate (Μ=5.5 ± 0.3) rnag­
nitude earthquakes may cause considerable dakage to populated 
centers. Moreover recent research efforts lead to a reliable 
time- and rnagnitude - 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 deterrnined from the present century data and was found 
equal to a=3.57. The strongest known earthquake (Μ=6.0) in this 
area occurred in 896 ΑΟ and caused darnage (IMM=VIII) to Veria 
(Papazachos and Papazachou, 1989). Using the rnoment οί this 
earthquake and the values οί the parameters a and b the rnoment 
rate, Μ, of this area was found equal to 3.72*10" dyn*cm/yr. 
Using t'his value οί the moment rate as input in the formula 
proposed by Papazachos and Papaioannou (1993) in their tirne- and 
magnitude- predictable rnodel, we found that for the next 10 and 
20 years tirne windowa rnagnitude 5.3 earthquake has probability 
of occurrence 33% and 76% respectively, given that 6 years passed 
since the last earthquake with magnitude 5.4 οη January 7, 1987. 
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SEISMIC HAZARD ΟΡ ΤΗΕ AREA 

The probabilistic assessment οί seismic hazard at a 
particular site is defined as the estimation (with a certain 
degree ο! uncertainty) ο! the exceedance probability ο! a given 
~eismic intensity (macroseismic intensity, peak ground values or 
their spectral values) within a given time period. The output ο! 

such seismic hazard assessment can be used in the seismic design 
of the constructions. Αη 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 οί the epicenters ο! earthquakes 
occurred in Florina and surrounding area. 
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Seismicity of FJorina (NW Macedonia) area 
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Fig.3. Seismicity of Florina and surrounding area. 

Α realistic approach of the anisotropic radiation of the 
strang mation in near field has been proposed by Papazachos C' f 

(1992). The elliptical shape of the anisotropic radiation model 
was adopted by the same study. Thus the next equation has been 
proposed (Papazachas C., 1992): 

Ι (φ) = Ι + ( ν /2 ) * log (S ) (2 )
ο ο min 

where Ιο(φ) is the azimuthal variatian of intensity in the 
epicenter, φ is the azimuth of the main axis of elliptical model, 
Iomir> is the the Ι ο ( φ) along the minar axis of the elliptical 

78 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



anisotropic radiation mode1, ν is the geometrica1 spreading 
factor (with average va1ue for Greece ν=-3.39), 5 is a function 
of the e11ipticity of the isoseisma1, the azimuth of the major 
axis of the isoseisma1 and the azimuth of the source-site path. 
Ιπ the present study we examine the seismic hazard using the 
McGuire's (1976) EQRI5K computer program as it was modified 
(Margaris, pers. cornrn.) after incorporating the equation (2). 

The seismic source mode1 used is the one proposed by 
Papazachos C., (1992) and the seismic hazard was examined for the 
macroseismic intensity, peak ground acce1eration and ve1ocity. 
The attenuation re1ations used are those proposed by Margaris and 
Papazachos (1992) (for the macroseismic intensity, ΙI4Μ) and by 
Theodu1idis (1991) (for the peak horizonta1 acce1eration, a and 
ve1ocity, ν), which are: 9 

9 

I~ = 2.90 + 1.61M - 1.691n(R+16) (3 )s
1nag = 3.88 + 1.12Ms - 1.651n(R+15) + 0.415 + 0.70Ρ (4 ) 
1nVg = -0.79 + 1.41M

s 
- 1.621n(R+10) - 0.225 + 0.80Ρ (5 ) 

where Μ is the surface wave magnitude, R is the epicentra1 dis­
tance, § is the soi1 conditions parameter (5=0 for "a11uvium" and 
5=1 for "rock") and Ρ is a binary parameter with va1ue either 
equa1 to Ο (mean attenuation) or equa1 to 1 (mean+1a). 

For the macroseismic intensity we used both the re1ation (3) 
as a mean attenuation formu1a for a11 the sources (circ1e mode1) 
affecting the city as we11 as incorporating anisotropic radiation 
(e11iptica1 mode1) of the strong motion (Margaris and Papazachos, 
1991). The graph in figure (4a) shows the macroseismic inten­
sity, I~, as a function of the mean return period, T~, assuming 
ηο effect of the anisotropic radiation (dashed 1ine) and con­
sidering the anisotropic radiation (continuous 1ine). It can be 
seen that the resu1ts obtained using the first mode1 are higher 
than those obtained from the second one. This is due to the fact 
that in the case of the second mode1 the city is 10cated at a 
site which is at the direction of the highest attenuation 
gradient (minor axis of the e11ipsis). The graphs in figures (4b) 
and (4c) show the horizonta1 peak ground acce1eration and 
ve10city respective1y as a function of the mean return period. 
According to the new greek seismic code the city of F10rina is 
10cated at the first zone of seismic hazard λη Greece. The dashed 
1ine λη figure (4b) shows the seismic hazard curve (lna vs Τ ) 
for this zone of seismic hazard. 9 m 

Papazachos et a1. (1990) found that the resu1ts from the 
hazard ana1ysis, i.e. any of the seismic hazard parameters, 5Ι, 

versus the mean return period for T~1000 yrs can be fitted by a 
10g-linear equation of the type: 

51 = B 1 + B *10gTII (6 )
2

The constants B and B~ for the peak ground acce1eration (lna ) 
were found equa i to 2.68 and 0.78 respective1y. 

Theodu1idis (1991) deve10ped a method for the estimation of 
the probabi1istic response spectra. Fo11owing this method and 
considering anisotropic radiation of the attenuation of the 
spectra1 va1ues, we ca1cu1ated the probabi1istic response spectra 
for the city of F1orina. The type of the proposed attenuation 
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formu1a of the spectra1 va1ues is simi1ar to the formu1a (4). We 
determined the probabi1istic response spectra (pseudo­
acce1eration, S, versus Τ) for the city of F10rina by 
considering "int~rrnediate soi1 conditions" (S=0.5) for two rnean 
return periods (Τ Μ=50 and 475 years). These two probabi1istic 
response spectra are shown in figure (5). 
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Fig.5. P10t of the probabi1istic response spectra for the city 
of F1orina. 
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