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Ãàëèíà Ôîòåâà, Åìèë Áîòåâ, Ìèíêà Èëèåâà. ÂÚÐÕÓ ÑÅÈÇÌÎËÎÃÈ×ÍÈÒÅ ÄÀÍ-
ÍÈ ÇÀ ÎÖÅÍÊÀ ÍÀ ÑÅÈÇÌÈ×ÍÈß ÕÀÇÀÐÒ ÍÀ ÒÅÐÈÒÎÐÈßÒÀ ÍÀ ÁÚËÃÀÐÈß È
ÑÚÑÅÄÍÈÒÅ ÇÅÌÈ

Â ñòàòèÿòà ñå ïðåäñòàâÿò äåéíîñòèòå è ðåçóëòàòèòå îò ïîäãîòîâêàòà íà ñåèçìîëîãè÷-
íèÿ êàòàëîã çà öåíòðàëíàòà ÷àñò íà Áàëêàíèòå, ñúñòàâåí ñïîðåä èçèñêâàíèÿòà íà ìåòîäà
íà Ôðàíêåë (1995) çà îöåíêà íà ñåèçìè÷íèÿ õàçàðò. Íàñòîÿùèÿò êàòàëîã å êîìïèëèðàí
ïðåäè âñè÷êî íà áàçàòà íà åäíè îò ïîñëåäíèòå âåðñèè íà êàòàëîçèòå íà Õðèñòîñêîâ è
äð.(1981) è íà ISC (2004), ïðè ñúîòâåòíàòà êîîðäèíàöèÿ ñ ðàçëè÷íè íàöèîíàëíè êàòàëîçè
íà Áàëêàíñêèòå ñòðàíè. Îñíîâíàòà îòëè÷èòåëíà ÷åðòà íà êàòàëîãà å ñúáðàíàòà è óíèôè-
öèðàíà ìàêñèìàëíî êîëè÷åñòâî âúçìîæíà èíôîðìàöèÿ çà çåìåòðåñåíèÿòà ñ ìàãíèòóä
M ≥ 2.9 â òåðèòîðèÿ ñ úãëîâè êîîðäèíàòè 40° N, 21° E–46° N, 30° E çà ïåðèîäà îò 479
ïð.Õð. äî 2003 ã. Â ðàáîòàòà ñå èçâåæäàò îðèãèíàëíè çàâèñèìîñòè çà ïðèâåæäàíå íà
ðàçëè÷íèòå âèäîâå ìàãíèòóä â ÌS. Èçïîëçâàíà å è ïðîöåäóðàòà çà ðàçäåëÿíå íà çåìåòðå-
ñåíèÿòà íà îñíîâíè è çàâèñèìè ñúáèòèÿ. Ïîëó÷åíà å îöåíêà çà ïúëíîòàòà íà äàííèòå çà
ðàçëè÷íè ïåðèîäè îò âðåìå. Êàòàëîæíèòå äàííè ïîêàçâàò çíà÷èìî ñúâïàäåíèå íà åïè-
öåíòðàëíèòå ðàçïðåäåëåíèÿ çà èñòîðè÷åñêî è íàñòîÿùî âðåìå.

Galina Foteva, Emil Botev, Minka Ilieva. ON THE SEISMOLOGICAL DATA BASE FOR
THE SEISMIC HAZARD ASSESSMENT ON THE TERRITORRY OF BULGARIA AND
ADJACENT LANDS

The activities and results obtained during the preparation of the catalogue of earthquakes
for a seismic hazard assessment by the method of Frankel (1995) are presented. The new
prepared catalogue is highly integrated with ones of the last version of the catalogue of
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Christoskov et al.(1981) and Regional catalogue of earthquakes of ISC(2004). Our new unified
catalogue has some specific characteristics, most remarkable of which is that it contains all the
available information about the events with M ≥ 2.9 in the territory with the corner coordinates
40° N, 21° E–46° N, 30° E for the period from 479 BC to AD 2003. Original relations obtained
for transforming of the various magnitude determinations into MS are suggested. The procedure
of separation of the data into main events and aftershocks is used. Various levels of completeness
for the different time periods are obtained. As a whole the catalogue data show significant
coincidence between the epicentral distribution of the historical and the recent events.
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1. INTRODUCTION

The territory of Bulgaria and the adjacent lands are located in one of the
most seismoactive regions of Europe. This is the Aegean zone from the East-
Mediterranean region of the seismoactive Alpo-Himalayan belt. The seismic
statistics of the past century for this central part of the Balkan region shows
the occurrence of several strong destructive earthquakes with magnitude
M > 7.0. The historical data from the previous centuries confirms the high
seismicity of these lands and determine the importance of their seismic
hazard assessment.

The most fundamental information for seismic hazard assessment comes
from the earthquake catalogues. In the present paper the activities and results
obtained during the preparation of the unified catalog of earthquakes for the
central part of Balkan region are presented. The estimation of the seismic
hazard by the modern method of spatially smoothed seismicity, proposed by
Frankel (unused so far for the territory of Bulgaria and adjacent lands) is the
main goal of the authors.

First version of the method of Frankel [1] is applied primarily in USA
during 1995 as an alternative of the well known technique of McGuire [2]
based on the Cornel approach [3]. Later the method of spatially smoothed
seismicity was modified by Frankel et all.[4]. A modified variant of the
Frankel approach [5, 6] is used for a seismic hazard assessment of Slovenia
territory (in the central part of Europe). The specific Frankel’s approach
concerning the initial seismological information takes into account the weak
seismicity in and around the region of interest. This peculiarity leads to the
preparation of a large catalogue of earthquakes (M ≥ 2.9) for the significantly
larger territory around Bulgaria (central part of Balkan region).
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2. INITIAL CATALOGUE OF SEISMOLOGICAL DATA

A few catalogues of historical and recent earthquakes exist for the investigated
region. Earthquake data used in the present study are selected mainly from
the Christoskov et al [7] (with 1649 events in the Central Balkans for the
period 479 BC–AD 1977), which had been used for the last official seismic
prognostic zonation of Bulgaria and adjacent regions [8]). For the next period
(1978–2003) the working bulletins of the Bulgarian seismological network
(Founds of Geophysical Institute of BAS) are used, as well as the official
published catalogues data in the Bulgaria Catalogue of Earthquakes 1981–
1990 [9] and in the Botev et all.[10] for the territory of Bulgaria and the
closed vicinities. For the various adjacent lands and time periods the data
from the Balkan catalogue of UNESCO [11], Greek catalogue [12], Catalogue
of Turkey earthquakes [13], as well as much more data from Regional catalogue
of earthquakes of ISC [14] are used. All the available materials about the
earthquakes are worked out together in order to be presented in a uniform
form. The compilation is realized by means of checking, correlation and
correcting of the instrumental and macroseismic data in order to obtain
homogeneity in the estimations of earthquake parameters. It is important to
note that our compiled catalogue is highly integrated with the last version of
Regional catalog of earthquakes of ISC, revised in 2004. All useful information
from this catalogue, as well as from the national catalogues of the neighbor
countries were used for the events located around Bulgarian territory. Information
from different seismological centers is included in our catalogue for one and
the same event. A priority of the catalogues [7] [9] and [10] is given in the
cases of duplicated events for the Bulgarian territory (41°–44.3° N; 22°–
29° E), and for the southern belt with coordinates 40°–41° N and 21°–30° E
the catalogue [12] is preferable. The new unified catalogue considers all
events which epicenters are included in a polygon comprising of the seismoactive
zone of interest for hazard assessment in Bulgaria. In such a way one common
catalogue file is compiled for more than 10311 earthquakes with magnitude
M ≥ 2.9, which epicenters are included in the territory limited by the corner
coordinates 40° N, 21° E–46° N, 30° E and so obtained for the period since
479 BC to AD 2003. For each earthquake the most necessary parameters are
presented as follows:

• Date and Time (GMT) of earthquake occurrence;
• Epicentral coordinates (geographic latitude and longitude);
• Hypocentral depth;
• Magnitude, different kind reported;
• Intensity, if is available (MSK);
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• Number of stations used for the parameter determination;
• Abbreviation of the seismological center or source of the information.

3. SOME PROBLEMS IN THE PREPERATION OF CATALOGUE FOR
HAZARD PURPOSES

There are no established standards on the specific contents of the seismic
catalogues and on the standardization of its parameters. For many events in
our compiled catalogue, different information from different sources is included.
Many efforts are needed to achieve some objective estimation of the level of
homogeneity and completeness of the data parameters according to the
requirements of the seismic hazard assessment.

In order to make the catalogue useful for hazard estimates the authors
decided to compile the value of a reference magnitude for each event. The
exact determination of magnitude measured on recordings is very complicated
problem. It results to many differences in the magnitude values for one of the
same event calculated at different seismological centers. The most frequently
magnitude determinations in our main initial catalogues [7] and Regional
catalogue of ISC, 2004 [14] are surface-wave magnitudes (MS). MS is the
most widely used magnitude scale for large earthquakes, but it cannot characterize
deep or relatively small regional end local events. The frequently referred in
ISC catalogues mb scales widely is used to characterize the deep events, but
also it is very hard to estimate adequately the magnitude of relatively small
regional and local events. That is the reason Md (magnitude determined by
“signal” duration) and ML (local magnitude) to be the most used magnitude
values published in the catalogues of regional national centers. The kind of
magnitude for a few of events in Greek and Turkish territory is not shown.
For our hazard purposes, in the cases of absence of MS and mb estimations we
use namely national Md or ML determinations as a relevant value for evaluation
of the relatively small events in the respectively neighbour country.

The analysis of the main initial catalogue [7] with some revisions shows
that information about historical seismicity in Bulgaria and the vicinities is
very incomplete. Only a few moderate earthquakes with magnitude M < 5.0
are observed before 1892 (the starting point of organized macroseismic
observations in Bulgaria). According to the literature sources the parameters
of the historical earthquakes are determined from available macroseismic
data. The accuracy of the earthquake parameters determination is usually as
follows: origin time–from 15 minutes to an hour; coordinates–from 0.3 to 0.5
degree; depth–from 5 to 20 km for shallow and about 30 for intermediate
events; maximum intensity–from 0.5 to1 degree MSK; magnitude–from 0.3
to 0.5 unit, based on M(I0) relations.
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A seismometric station is built in town of Sofia at the beginning of the
20th century in order to contribute the more accurate collection of data for
the Bulgaria territory. Unfortunately, the national network for instrumental
localization of the earthquakes has begun its formation in 60 s–this is the
starting point of the “modern instrumental” period in the development of the
seismological observation in Bulgaria [15]. As a rule, before this time, the
weak earthquakes only with magnitude M > 4 are well macroseismically
documented for accurate (under the limitations of the macroseismic method)
hypocenter determination.

Higher reliability and homogeneity of the hypocenter localization of the
weak earthquakes (M ≥ 3.0) in all over the country and adjacent territory is
created in the 70s, when at least several seismological stations started to
operate in Bulgaria as well as in the neighbouring countries. The namely
moderate National telemetric networks in Bulgaria, Greece, Romania and
Turkey have been formed in very short periods around 1980. Today, after
some experimental periods, a reliability localization of the microearthquakes
with magnitude M > 1.5 is provided for nearly the whole Bulgarian territory
[10].

Generalizing the above information about the “instrumental” period we
could conclude that the macroseismic data are predominant in the process of
estimation of earthquake parameters for the period 1900–1940, the instrumental–
for the period 1940–1970, and for the period after 1970–only instrumental
data are used. The determination accuracy for the last period is: origin time–
from 0.1 to 1 sec; coordinates–from 0.02 to 0.2 degree; depth–from 1 to
10 km; maximal intensity–0.5 degree MSK; magnitude–from 0.1 to 0.3 unit.

4. FINAL UNIFIED CATALOGUE WITH HOMOGENEITY MS
MAGNITUDE ASSESMENT

To make the catalogue useful for hazard estimations the authors performed
some transformations to achieve the value of a reference magnitude for each
event in homogeneity form. It was decided to choose MS magnitude as a
widely used assessment in our source catalogues. For the period 479 BC–AD

1977  on the territory of Bulgaria and the close surrounding areas all magnitudes
are presented in MS [7]. For the same territory during the period 1978–2003
the magnitude Md of NOTSSI determinations is calibrated towards the magnitude
MS. For the others periphery situated territories correlations between the
magnitudes MS and mb and MS and ML are worked out, using the earthquake
analysis software SEISAN [13]. For lack of sufficiently simultaneous
determinations for the magnitudes MS and Md no correlation is obtained.

For working out a relation between MS and ML 74 events from the
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seismological stations Athens, Thessalonica and ISC are used. The Fig.1
presents the graph of the correlation between the two types of magnitude. The
linear approximation of the data is determined as follows:

MS = 1.591 Ml – 2.729.

Fig. 1. Relation between MS and ML (SISC–MS from the ISC catalogue; LTHE–ML from
the stations Thessalonica and Athens)

For determining the correlation between the magnitudes MS and mb are
used 157 events with magnitude MS and mb from ISC. Fig. 2 represents the
graph of the correlation between the respective magnitudes. The following
linear correlation is determined:

MS = 1.684 mb – 3.455.

Since the above specified local correlations appeared to be more precise
than the correlations of Guttenberg-Richter and Bott for the considered territory,
they are used for translation of the magnitudes ML and mb towards magnitude
MS. Homogenized catalogue for the period 479 BC–AD 2003 contains total
number of events 10311. The constituted catalogue is separated into main
events and aftershocks data. For the territory of Bulgaria and the close
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surrounding areas, the window of Christoskov-Lazarov [16] had been used,
according to the procedure of preparation of the catalogue in [7]. For the
others periphery situated territories, the window of Knopoff [17] is used. So,
our final catalogue without aftershocks contains 6160 in number independent
event. From them with M < 3.0 are 1701; 3.0 ≤ M < 4.0–3497; 4.0 ≤ M < 5.0–
602; 5.0 ≤ M < 6.0–208; 6.0 ≤ M <7.0–93; 7.0 ≤ M < 8.0–59.

The catalogue, containing only the main events, is tested for completeness,
using the earthquake analysis software SEISAN for periods with different
continuation and different magnitude intervals. The magnitude distributions for
many different time intervals are investigated. It is obvious that at the end of
the catalogue the completeness of the smaller events increases. For example the
magnitude distributions for one of the 20th century initial time interval (1900–
1920) is presented on Fig. 3. From the investigated distributions various levels
of completeness are obtained, for example, magnitude level M = 5.0 since the
year 1700 and magnitude level M =3.7 since the year 1900.

Fig. 2. Relation between MS and mb (SISC–MS from the ISC catalogue; BISC–mb from
the ISC catalogue)
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5. EPICENTRAL DISTRIBUTION OF THE DATA FROM THE FINAL
UNIFIED CATALOGUE

A map of the earthquakes with the magnitude M ≥ 3.7 for both historical
and instrumental investigated period from1700 to 2003 is constructed on the
basis of the data from the finally prepared catalogue file with homogenized
magnitude assessment for MS (Fig.4). On this map the dimension of the
symbols of the epicenter locations is proportional to the magnitude MS. The
epicenters of the earthquakes are subdivided and marked into two classes in
function of their location accuracy: for the period 1900–2003–with the circles
and for the historical period (exclusively macroseismical determination of the
epicenters)–with triangles. The largest symbols refer to earthquakes with
magnitude greater than or equal to 7.0 and the smallest–to events with
magnitude greater than or equal to 3.7 and smaller than 4.0. In such way
information for the epicentral distribution of about 1236 earthquakes is
presented on this figure.

From the picture of the distribution of the earthquakes on the Bulgarian
territory some grouping of epicenters can be observed. First of all, this
grouping confirms tectonic activity of the lands on the Souh-Western part.

Fig. 3. Magnitude distribution for determination of the completeness during the period
1900–1920
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The central part, as well as the North-Eastern part  of the examined territory
are caracterized with some lower activity. As a whole, a grouping of the
earthquakes around the strongest sources is observed. The hypocenters of the
earthquakes are concentrated in the surficial 10–20 km level, with only a few
events of greater depth.

The strongest event in the country (Struma zone) is the earthquake of
April 4, 1904 with a magnitude M = 7.8 followed by an aftershock sequence
that lasted till the beginning of the 1907 and is preceded by a six-months
foreshock sequence. An earthquake with magnitude M = 7.3 occurred in
almost the same place, 20 minutes before the main shock. In 1901 the one
M = 7.2 event occurred in the northern part of the Black sea cost. One strong

Fig. 4. Epicentral map for the earthquake with M > 3.7 during the period 1700–2003
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earthquake with magnitude M = 7.0 took place in 1913 in the region of Gorna
Oryahovitza on the periphery of the Fore-Balkan and Moesian platform in the
Central North Bulgaria. The last big earthquake with magnitude M = 7.1
occurred in Central South Bulgaria in 1928. It is remarkable that there are no
events with M > 6.0, and only several events with 5.0 < M < 6, after 1928.
After the relatively high frequency of the moderate events until 1940, there
is less activity during recent years, when high magnitude events are especially
missing. Only two earthquakes with magnitude M = 5.5 and M = 5.7 (with
long aftershocks sequences) occurred during 1986 in the region of Strazhitza
(Central North Bulgaria).

From the picture of the epicentral distribution it is obvious that the
seismicity before 1900 shows almost the same distribution of the earthquakes.
Many destructive earthquakes occurred in the past, mainly in Southern and
North-Eastern Bulgaria. The exception is towards the South-Easthern part –
one very strong historical earthquakes were observed in the region of Edirne
(nearby the border point of Bulgaria, Greece and Turkey), which does not
demonstrate strong activity during the 20th century. In the South-Eastern
edge of the region of investigation, the majority of shallow earthquakes
aggregate in a belt parallel to Marmara sea, which extends to the West in the
North Aegean sea shelf belt. The territory of Northern Greece is affected by
very strong sequence with Mmax = 7.0 during 1932. One year before that a
catastrophic event with magnitude M = 6.7 stroked Southern Macedonia.
Except Vrancea zone all other zones generate only shallow earthquakes
predominantly in a layer h = 5–20 km. The earthquakes in the Vrancea zone
are mainly generated in the depth interval h = 90–150 km. This is the most
distant zone to the territory of Bulgaria, but because of the deepest strong
seismic activity, it produces the strongest makroseismic effects on the northern
periphery of the Bulgarian territory (125 killed in town of Svishtov after the
M = 7.2 earthquake during 1977). The seismic activity out of the determined
seismogenic zones is lower as a rule, and it is connected mostly with some
known fault structures. The strongest earthquakes generated out of defined
zones are, for instance, one northern Greece event (M = 7.2, 1829), and
Dulovo event (M = 6.6, 1892). Some aseismic zones could be recognized, for
instance, in the western part of the stable Moesian platform, and in the
southern part of the Black sea cost.

6. CONCLUSION

As a whole the results obtained during the preparation of the catalogue of
earthquakes in the central part of the Balkans for a seismic hazard assessment
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by the method of spatially smoothed seismicity proposed by Frankel show
some new specific characteristics. First of all is the fact that the preliminary
catalogue contains all the available information about the events with M ≥ 2.9
not only for Bulgaria but for the much more larger territory with the corner
coordinates 400 N, 210 E–460 N, 300 E. This new catalogue is coordinated not
only with the both highly integrated main catalogues [7] and the last version
of Regional catalog of earthquakes of ISC, but as well as with the national
catalogues of the neighbour countries. As a result a catalogue with 10311
earthquakes with minimum magnitude M ≥ 2.9 is compiled for the period 479
BC–AD 2003. The new original relations obtained for the conversation of the
various magnitude determinations into MS show the maximum reliability for
events with ML and mb initial magnitudes. The subsequent separation of the
independent main events from all data shows 6160 main events. For the last
events various levels of completeness for different time periods are obtained.
The catalogue is complete, for example: since 1700 – for magnitudes M ≥ 5.0;
since 1900 – for magnitudes M ≥ 3.7; since 1970 – for magnitudes M ≥ 3.0.
Because of this it is advisable to use the catalogue since 1700 for the seismic
hazard assessment by means of the method of spatially smoothed seismicity.
The number of main events with M ≥ 3.7 is for the period 1700–2003 is 1236.
As a whole the catalogue data show significant coincidence between the
epicentral distribution of the historical and recent events.
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