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Petya Trifonova, Stela Simeonova, Dimcho Solakov, Metodi Metodiev  (2012)
Exploring Seismicity in Bulgaria Using Geomagnetic and Gravity Data, Compt. Rend.
Bulg. Acad. Sci., v.65, N5, 653-661

The present study aims at demonstrating the capability of gravity and magnetic
anomalous data for revealing deep structures in the Earth crust of Bulgaria.
Interpretation of gravity and magnetic data is well known and often applied to
delineate various geological structures such as faults, flexures, thrusts, borders of
dislocated blocks, etc., which create a significant rock density contrast in horizontal
planes. Delineated gravity and magnetic anomalies with their characteristics
(amplitude, width, length and coordinates) are compared with the spatial distribution
of seismicity and map of the active faults on the territory of Bulgaria. As a result,
integrated geophysical data and geological information is incorporated to prove the
reliability of potential filed data application for the purposes of seismic hazard
assessment.

D. Solakov, M. Metodiev, S. Simeonova and P. Trifonova, Population exposure index
— an element of seismic risk assessment DOI: 10.3997/2214-4609.201902659, 10th
Congress of the Balkan Geophysical Society, Sofia, 2019

This paper presents assessment of one of the main elements of the seismic risk —human
exposure at the territory of Bulgaria. Seismic hazard in terms of Peak Ground
Acceleration map is modelled using GIS and overlaid with a model of population
distribution in order to extract a population exposure index (PEI). We use as indicator
the population density to allow comparison between less populated and more
populated regions. Analysis is performed on a gridded network with a single element
of 1x1 kilometer. Information about the population cover the period 2011-2018 using
data from the last census performed in 2011 and the updated information for the towns
provided by the National Statistical Institute for 2018. As a result, a classification of
region is provided based on the results obtained for PEI.

P. Stavrev, S. Dimovski, A. Kisyov, P. Trifonova and M. Metodiev, Regional mapping
of geophysical and geological data in the process of their integrated analysis and
interpretation, DOI: 10.3997/2214-4609.201902632, 10th Congress of the Balkan
Geophysical Society, Sofia, 2019

A joint mapping of two type of data - geophysical gravity data in terms of Total
Horizontal Gradient (THG) and geological data for the distribution of known metal
ore deposits, occurrences and mineralization in Bulgaria, is presented in a regional
scale. For the purpose the whole territory of Bulgaria is divided in 1270 areal elements
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E of size 10x10 km. The number V: of metal ore objects, and the length V> (km) of
gravity lineaments (THG, mGal/km), that appear in every single element E, are used
as input data. Thus, a space index of coincidence, Qi = [(V1+Vz)/\/(V12+V22+C)]i, can
be calculated in the areal elements Ei , i=1,2, ..., N. The space distribution of this index
gives us the integrated geological-geophysical information which can be used for
revealing of different characteristics such as common origin, similar tectonic
environment, etc

Solakov, D., Trifonova, P., Metodiev, M., Simeonova, S.. GIS based analysis for
evaluation of human risk due to earthquakes in Bulgaria. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM, 20, 1.2, 2020, ISBN:978-619-7603-05-7, ISSN:1314-2704,
DOI:10.5593/sgem2020/1.2/s05.072, 567-574.

In this research, the term risk follows the definition by the United Nations (UNDRO
[1]) and refers to the expected losses from a particular hazard to a specified element at
risk in a particular future time period. In our case, population exposure refers to the
human occupancy of hazard zones in Bulgaria, or the population present within the
hazard area that would be potentially directly affected by an event.

Placed at the central part of the most seismically active region in Europe, the territory
of Bulgaria is surrounded by major seismic zones. The epicentral zones of Aegean
Arch, the westward continuation of Anatolian fault system, the Struma-Rhodope
region, the Adriatic seismogenic strip and the Vrancea area are clearly expressed on
the seismic maps. Territory of Bulgaria includes important industrial and urban areas
that face considerable earthquake risk.

Population exposure is modelled by crossing the seismic hazard and population living
in the potentially affected area. We use two input indicators: population and population
density, first to give equal “weight” of human being and second to allow comparison
between less populated and more populated regions. Before calculation, both variables
(seismic hazard and population/population density) are classified using separate
classification schemes. The number of classes was chosen according to several criteria
such as the optimum number for visual representation or the number and level of errors
between classes. According to these tests, with the aim to minimize internal class
distances and maximize distances between classes, the number of five classes from
low (1) to high (5) was chosen.

Seismic hazard is presented in terms of Peak Ground Acceleration (PGA) in agreement
with Euro Code 8 (EC8) for generic rock conditions (VS30=800m/s), for a 475 years
return period. In addition, the impact of soil conditions through the global VS30 model
is also taken into account.

Information about the population is obtained from published by the National Statistical
Institute of Bulgaria data after the census performed in 2011. Distribution of
population by municipality and distribution of population in 1x1 km grid are used for
calculation of two indices: Population Exposure Index (PEI) and Population Exposure



B4-5

B4-6

Index in Municipality (PEIM). The obtained results provide information about human
exposure as an element of the seismic risk in Bulgaria. They are presented in two maps
using categories from 1 to 5: minor, low, moderate, high and major. Based on that,
different types of analysis can be performed concerning prevention and planning
measures in case of a major earthquake, necessary resources for rescue activities, first
aid supplies, etc.

Dimitrova, L., Georgieva, G., Trifonova, P. Oinakov E., Protopopova V. and
Metodiev M. (2020) Seismic sources and Earth structure in the transition zone
between Fore-Balkan unit and Moesian platform, NE Bulgaria, Acta Geodaetica et
Geophysica, pp. 1-20 https://doi.org/10.1007/s40328-020-00288-3

Provadia region is one of the most specific seismic regions in Bulgaria. It is situated
in the South Moesian depression, between Fore-Balkan unit in the South and Moesian
platform in the North. The seismic characteristics of the area, the industrial activity
connected with salt deposit exploitation and extraction of aggregates and limestone,
and the near location of big cities like Varna, put this zone at high seismic risk level.

Present research aims to reveal the seismic potential of the Provadia region. We present
the regional tectonic structures according to geological and geophysical information,
analysis of the observed seismicity in the last 12 years and results from application of
two seismic techniques for revealing of geological bodies in the near vicinity of the
salt exploitation site. Results show that several faults are delineated from geological
information and confirmed by interpretation of geophysical data. The complex
geological structure of the region is unambiguously the cause for the major part of the
observed seismicity, which does not disprove however the possibility that there might
be induced seismicity also.

Trifonova, P., Solakov, D., Simeonova, S., Metodiev, M., & Balan, S. F. (2021).
Seismic scenario and people exposure for Blagoevgrad region, Bulgaria, Studies in
Systems, Decision and Control, Volume 361, Pages 293 — 305, doi:10.1007/978-3-
030-70190-1_20

Present research analyses the human exposure at one of the most dangerous earthquake
zones in Bulgaria-Blagoevgrad region and propose a detailed seismic scenario for the
main city. Seismic hazard is modelled using GIS and overlaid with one square
kilometer grid of population distribution in order to determine the population exposure
in the region. We define a parameter called “population exposure index” (PEI) which
has five classes: Minor, Low, Moderate, High and Major. As was expected, the seismic
hazard levels of Blagoevgrad region are in the upper part of the classification scale.

The total population in the Blagoevgrad region (NUTS II) is around 323 000 people.
Results show that more than 130 000 people are exposed to the highest level of seismic
hazard.

City of Blagoevgrad gathers nearly 22 % of the population in the region. A specially
developed seismic scenario for the city accounting the soil conditions as well is used
for detailed assessment of the people exposed to seismic hazard. The obtained values
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of Peak Ground Acceleration (PGA) varying between 0.299-0.45g are crossed with
the population living in each building to determine the lev-els of population exposure.

Our results show that people living in 398 buildings are majorly exposed to the seismic
hazard in Blagoevgrad city. Another 1465 buildings are determined as highly exposed
to this threat. Delineation of these buildings might be very important for the regional
authority and focusing on the prevention of possible earthquake effects.

Petya Trifonova, Metodi Metodiev Geomagnetic Events Recorded in PAG
Observatory During the First Year of Solar Cycle 25. Conference Proceedings, 11th
Congress of the Balkan Geophysical Society, Oct 2021, Volume 2021, p.1 - 5, 2021,
DOI: https://doi.org/10.3997/2214-4609.202149BGS20

Geomagnetic observatories placed all over the globe determine some parameters
which show the geomagnetic activity as a signature of the response of the Earth
magnetosphere and ionosphere to solar forcing. Indices might be local, which are
calculated from data of a single geomagnetic observatory, or planetary, which
characterize the planetary disturbances of the geomagnetic field as a whole. We use
the (local) K-index which is a 3-hour quasi logarithmic scale developed to measure
magnetic activity ranging from 0 to 9, with 0 indicating completely quiet conditions
and 9, representing extreme magnetic activity. The Solar Cycle24 finished in
December 2019 and started the Solar Cycle 25. There are prediction that SC25 will be
similar in size to SC24 with a maximum expected to be in 2025. A different hypothesis
is also published suggesting that SC25 could be among the strongest sunspot cycles
ever observed. We examine the geomagnetic activity events during the first year of the
new cycle. Our data show that 2020 had calm geomagnetic conditions. Only 12 days
have reached the levels of a minor storm in the records of PAG observatory. Two
autumn periods are chosen to display the local geomagnetic response of the observed
solar impacts

Petya Trifonova, Christan Tzankov, Metodi Metodiev. Importance of Using a
Reference Base Station in Geomagnetic Surveys - Case Studies from Bulgaria.
Conference Proceedings, 11th Congress of the Balkan Geophysical Society, Oct 2021,
Volume 2021, p.1 - 5, 2021, DOI:https://doi.org/10.3997/2214-4609.202149BGS21

During ground magnetic surveys are recorded signals from a wide variety of sources
— from terrain, natural and man-made surface features, as well as instrumental,
geological, and planetary sources. Such signals directly disturb the subsurface effects
over the Earth’s surface causing errors in the measurements. External variations which
are due to the Solar-Earth interaction are one of the “noise” signals which are always
removed as a pre processing procedure. This could be done by using a locally
installed base station or using the data from the nearest geomagnetic observatory. We
analyze records from six ground surveys accomplished on the territory of Bulgaria
using a reference base station to see what would be the errors if such station was not
available and Panagjurishte observatory data were used instead. Our results show that
the differences in the recorded daily variations are limited to + 5 nT and the frequency


https://doi.org/10.3997/2214-4609.202149BGS20

B4-9

B4-10

interval is large enough to prevent the misinterpretation of signals from the real
sources.

Solakov, D.,Simeonova, S., Raykova P., Metodiev, M., Earthquake scenarios for the
city of Plovdiv International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM, 21, 1.1, 2021,
DOI:10.5593/sgem2021/1.1/s05.085, 459-466

Global seismic risk and vulnerability to earthquakes are increasing steadily as
urbanization and development occupy more areas that a prone to effects of strong
earthquakes. The assessment of seismic hazard and generation of earthquake scenarios
is the first link in the prevention chain and the first step in the evaluation of the seismic
risk. The territory of Bulgaria represents a typical example of high seismic risk area in
the eastern part of the Balkan Peninsula. Over the centuries, Bulgaria has experienced
strong earthquakes. Some of the Europe’s strongest earthquakes in 20th century
occurred on the territory of Bulgaria. Impressive seismic activity developed along the
Maritsa valley (central part of Southern Bulgaria) in 1928 - the Chirpan earthquake of
April 14 with Mw6.5 (foreshock) and the Parvomay Mw7.1 quake of April 18 — the
main event. The present study is a comprehensive earthquake scenario study. A set of
10 deterministic earthquake scenarios (expressed in peak ground and spectral
acceleration, peak ground velocity, and in macroseismic intensity MSK) is generated
for the city of Plovdiv. The study is guided by the perception that usable and realistic,
based on both local seismic history and tectonic setting, ground motion maps have to
be produced for urban area. The local ground shaking levels are computed using six
ground motion prediction equations (GMPE’s). The scenario maps account soil
amplification effects using the geotechnical zonation of the considered urban area.
Two scenario earthquakes with different location and magnitudes are considered. The
results for scenario Mw?7.1 earthquake generated in the northern fault are mapped. The
macroseismic intensity for Mw7.1 quake varies between 7 and 9 MSK, the peak
ground acceleration and velocity varies between 0.15 and 0.40 g, and 11.4 and 54.2
cm/s, respectively.

Petya Trifonova, Liliya Dimitrova, Metodi Metodiev, Maria Chamati, Plamena
Raykova. EARTHQUAKE EFFECTS RECORDED ON MAGNETOGRAM -
WHERE, WHEN AND WHY. cnternational Multidisciplinary Scientific
GeoConference Surveying Geology and Mining Ecology Management, SGEM, 21,
1.1, 2021, , DOI:10.5593/sgem2021/1.1/s05.084, 451-458

Records of the magnetometers responding to the effects of big earthquakes were
noticed more than a hundred years ago. Even then began to dispute what caused these
effects: mechanical vibrations of instruments or electric or magnetic oscillations
generated by the earthquakes. In Panagjurishte (PAG) observatory we have great
opportunity to shed light on this issue because we have four important instruments
installed on the site - three different types of magnetometers and one seismometer.
Three large earthquakes with magnitude Mw >6 happened recently in the Balkan
Peninsula. These are the events of: 30 October 2020 with moment magnitude Mw 6.9



located in the offshore region north of Samos Island, Greece; 29 December 2020 Mw
6.2 earthquake occurred in Petrinja (Croatia) and 3 March 2021 Mw 6.3 earthquake
which hit the northeastern part of the Thessaly basin (Greece). The energy released
was enough to give us data for investigation. In our research we compare the recorded
signals of all instruments. It is shown that a magnetic torque is introduced by the
pendulum swing of the FGE suspended sensors. This instrument may in fact be used
in some places as a seismometer of ultra-low sensitivity. But even though we expected
to find some small amplitude signals from real electromagnetic waves generated by
the earthquakes. It doesn’t happen however either because these effects were too small
to be observed against the background of geomagnetic noise or they are really missing
due to the great distance from the epicenters or the electrical properties of the earth
section under the site.

['7-1 M. Metodiev, P. Trifonova (2016) Geophysical analysis of the Eastern Rhodope region,

['7-2

Compt. Rend. Acad.Sci, v. 69, Ne 5, 615-621

Geological studies [1 ] suggest crustal interactions and interplay between various
processes involved in the late Alpine history of the Eastern Rhodope Massif, namely
the extensional tectonics, volcanic activity and ore formation. In this active
geodynamic context complicated geological structures were formed including
metamorphic domes, as well as magmatic intrusive bodies and vol canic products.
Previous geophysical studies [2-4] have shown well expressed heterogeneity in the
gravity anomalous field and clear contrast of the observed anomalies. This outlines the
presence of magmatic and metamorphic bodies as well as structural discontinuities in
depth. In the present paper, tectonic deformations in the Earth’s crust upper layer of
the Eastern Rhodope region are mapped using direct inverse techniques for gravity and
magnetic data interpretation. More than 25 gravity transitions are outlined revealing
projections of possible faults, flexures and other dislocation structures. 3-D Euler
deconvolution detected several magnetic bodies placed between 2 and 15 km in depth

Metodiev, M. and Trifonova, P., (2017) Bulgarian Geomagnetic Reference Field
(BUIGRF) for 2015.0 and secular variation prediction model up to 2020, Annales
Geophysicae, 35, 5, pp 1085--1092, https://www.ann-geophys.net/35/1085/2017/,
DOI 10.5194/angeo-35-1085-2017

The Bulgarian Geomagnetic Reference Field (Bul GRF) for 2015.0 epoch and its
secular variation model pre diction up to 2020.0 is produced and presented in this
paper. The main field model is based on the well-known polynomial approximation in
latitude and longitude of the geomagnetic field elements. The challenge in our
modelling strategy was to update the absolute field geomagnetic data from 1980.0 up
to 2015.0 using secular measurements unevenly distributed in time and space. As a
result, our model gives a set of six coefficients for the horizontal H, vertical Z, total
field F, and declination D elements of the geomagnetic field. The ex trapolation of
BulGRF to 2020 is based on an autoregressive forecasting of the Panagyurishte
observatory annual means. Comparison of the field values predicted by the model with
Panagyurishte (PAG) observatory annual mean data and two vector field
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measurements performed in 2015 shows a close match with IGRF-12 values and some
difference with the real (measured) values, which is probably due to the influence of
crustal sources. BulGRF proves to be a reliable alternative to the global geomagnetic
field models which together with its simplicity makes it a useful tool for reducing
magnetic surveys to a common epoch carried out over the Bulgarian territory up to
2020.

Metodiev, M., Trifonova, P.. GEOMAGNETIC FIELD ELEMENTS OF THE
BULGARIAN TERRITORY FOR 2020.0 EPOCH. International Multidisciplinary
Scientific GeoConference Surveying Geology and Mining Ecology Management,
SGEM, 20, 1.2, 2020, ISSN:1314-2704, DOI:10.5593/sgem2020/1.2/s05.069, 543-
550.

It is well known that geomagnetic field varies in time, as well as in space. Besides, the
world magnetic models which are the main sources of information concerning the
values of geomagnetic field elements in a particular place, we present more precise
and accurate model of these elements covering the territory of Bulgaria. Our study uses
information from the last absolute geomagnetic survey involving measurements in 473
points, secular data from Panagyurishte (PAG) and several other Intermagnet
observatories near Bulgaria, as well as secular magnetic measurements of the
Bulgarian network. Above and beyond the scientific investigation which are
performed using geomagnetic field values, this information has also practical
application. The most significant element is the geomagnetic declination, which is
widely used in geodesy, cartography and their associated navigational systems. The
geomagnetic declination is very important for navy and aviation (civil or military),
radio connections, etc. As the geomagnetic field changes with time, the topography
maps has to be updated regularly. Each edition must have a reliable value of the
geomagnetic declination to allow orientation with the help of a compass. Present paper
gives most up-to-date models of the total geomagnetic field (F), horizontal component
(H) and declination (D) over the whole territory of Bulgaria determined for the 2020.0
epoch. The observatory measurements, existing records and calculations of
geomagnetic field elements are also described

I'7-4 Metodi Metodiev. Local geomagnetic activity recorded on the Bulgarian territory for

the Solar cycle 24. International Multidisciplinary Scientific GeoConference
Surveying Geology and Mining Ecology Management, SGEM 2021,
DOI110.5593/sgem2021/1.1/s05.093, 509-518

Records of the magnetic variations are different at every observatory. They depend
mainly on the latitude of the observatory and the local time. To give a quantitative
measure of the amount of magnetic disturbance at any time, we need to rely on
magnetic indices. Usually, local K-index is preferred as indicator of the geomagnetic
activity in a specific area. Each observatory assigns a digit ranging from 0 to 9 to both
H and D, for every three-hour interval starting at midnight, universal time (UT).

Recently, in December 2019 finished the last Solar Cycle - one of the main periodic
variations of the solar activity. This inspired the topic of the present research to
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investigate the dependence of the local magnetic activity recorded at Panagjurishte
(PAG) observatory and the records of the sunspot numbers during the 11 years long
cycle. PAG observatory is situated at middle latitude and does not experience the polar
electrojet which causes intense 'negative bays' or polar magnetic substorms in the high
latitudes and the terrestrial ring current centered at the equatorial plane and responsible
also for global decreases in the Earth's surface magnetic field.

The Solar Cycle 24 was announced as one of the weakest in the last century of
observations. Similar is the statistics of the recorded geomagnetic event at the PAG
observatory. Plot of the days with registered geomagnetic storms for the whole 11-
year period clearly shows two maxima of the annual numbers - one in 2012 and another
(larger) in 2015 when 67 days have had K-index >5. In June that year happened also
the largest event with K-index=8. Examining the monthly distribution of magnetic
storms, it was found that the periods in which there are largest recorded events are also
two: February - March and September- October with more than 30 stormy days in
total. As a conclusion it was found the for Solar Cycle 24, 75% of the time has had
calm geomagnetic condition, 16 % has been disturbed and only in 9% of the time (less
than a year), the Sun has caused geomagnetic storms.

P. Trifonova, Cholakov I., Redzhov S., Metodiev M., Radev I. (2011) Sofia Airport
Geomagnetic Survey, Bulg. Geophysical Journ., 37, 105-112

Although the modern electronic devices are used as a primary direction indicators for
aircrafts, magnetic compasses remain important back-up systems on airplanes.
Airports infrastructure must include special sites which allow an aircraft check to be
performed, and to calibrate onboard compasses. There are certain requirements
towards those sites and the most important one is the geomagnetic declination
homogeneity. The present paper describes methodology and results of the geomagnetic
survey performed at the Sofia airport investigating the suitability of the north deicing
pad to be used as a calibration site for aircraft compass systems. The total intensity of
the geomagnetic field and geomagnetic declination were measured and analyzed. As a
result, major magnetic disturbers were delineated and the suitable for compass
calibration area was determined.

P. Trifonova, M. Metodiev , I. Cholakov, S. Redzhov & I. Radev (2011) Geomagnetic
Study for Determination of the Compass Calibration Site Suitability at the Sofia
Airport, Proceedings of the 6th Congress of the Balkan Geophysical Society -
Budapest ISBN 978-90-73834-16-3, EAGE 2011.

Despite the presence of modern electronic devices aeronautics still needs of magnetic
compasses as a primary direction indicators on small aircrafts and as very important
back-up devices on larger airplanes. Airports infrastructure must include elements
which allowed an aircraft check to be performed, and to calibrate or compensate
onboard compasses (Rasson, 2006). Main task of the present research is to determine
the suitability of the north deicing pad of the Sofia airport to be used as a calibration
site for backup compass systems of Airbus 320 and Boeing 737 airplanes. For this
purpose two types of investigations have been performed: 1) magnetic total field
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intensity measurements and 2) magnetic declination measurements. Analysis of the
obtained results showed the influence of located magnetic disturbers and outlined the
homogeneous enough zone for performing aircraft compass calibration procedures.

Solakov, Dimcho, Stela Simeonova, Irena Alexandrova, Petya Trifonova, Metodi
Metodiev (2011) Verification of seismic Scenario Using Historical Data-Case Study
For The City Of Plovdiv, in Grutzner C., Perez-Lopes R., Steeger T. F., Papanikolaou,
Reicherter K., Silva P. G., Vott (Edt.) Proceedings, Vol.2, 2nd INQUA-IGCP 567
International Workshop on Active Tectonics, Earthquake Geology, ISBN: 978-960-
466-093-3, p. 239-242

The territory of Bulgaria represents a typical example of high seismic risk area. Over
the centuries, Bulgaria has experienced strong earthquakes. The main purpose of this
work is to compare the calculated and observed intensity values and to judge if they
are meaningful and can be used to “validate” forecasting scenario. To make this, a test
scenario for the city of Plovdiv is generated and the obtained intensity values are
compared to the observed data from real earthquakes. Plovdiv is the second-largest
city in Bulgaria with a population of about 400 000. It is situated in the southern part
of the country along the Maritsa River valley. History of the city of Plovdiv spans
some 6000 years, with traces of a Neolithic settlement dating to roughly 4000 BC. The
earthquakes that mainly influence the hazard for Plovdiv originate near the city. The
intensity assessments used for verification are from the 1928 earthquakes (on April
14th, M=6.8 and the earthquake on April 18th , 1928, M =7.0).

Solakov, Dimcho, Stela Simeonova, Irena Alexandrova, Petya Trifonova, Metodi
Metodiev (2011) Utilizing historical data for urban area (the city of Ruse) seismic
scenario validation, Proceedings of the 6th Congress of the Balkan Geophysical
Society - Budapest ISBN 978-90-73834-16-3, EAGE 2011.

Approaches used for scenario developing could be two types: deterministic and
probabilistic. The procedure of scenario generation includes the following stages:
1)Compilation of regional seismotectonic data base; 2) Analysis of regional
seismotectonics; 3) Seismo-tectonic zonation; 4)Geotechnical characterization of the
studied area; 5) Seismic hazard assessment; 6) Cross validation. Deterministic
scenario is representation of the severity of ground shaking, using one or more hazard
descriptors either from the assumption of a “reference earthquake” specified by a
magnitude or an epicentral intensity, associated to a particular earthquake source or,
directly, showing values of local macroseimic intensity generated by a damaging, real
earthquakes of the past.

P. Trifonova, D.Solakov, S. Simeonova, M. Metodiev (2012) Black sea earthquake
safety net(work) — ESNET, Bulgarian Geophys. Journal, vol.38, p. 44-50.

ESNET project is working in the frame of the Joint Operational Programme “Black
Sea Basin 2007-2013” financed by EU and national co-financing. The project
objective is to contribute to the prevention of natural disasters generated by
earthquakes in Black Sea basin by developing a joint monitoring and intervention
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concept between the partner countries (Romania, Bulgaria, Moldova and Turkey, see
Fig. 1). Its duration is 24 months starting in March 2012 and has five major groups of
activities. In the end of project implementation the disaster potential, with accent on
the seismic risk degree and the earthquakes effects in the intervention area will be
assessed, an integrated seismic monitoring and intervention concept will be developed
and the capacity of local emergency intervention units for joint response activities in
case of disasters will be increased. The present paper describes the expected
cross border impact of the action, its methodology and final results and outputs for
the project’s beneficiaries.

P. Trifonova, M. Metodiev (2012) Annual report of the observed geomagnetic activity
in Panagyurishte observatory, Bulgarian Geophys. Journal, vol. 38, p. 51-78.

Presently, in the era of Internet communication the preliminary time series
(INTERMAGNET’s reported data) acquired in geomagnetic observatories are
available in near-real time, while the final absolute time series (definitive data) are
disseminated with many months delay, being subject to many checks. This paper
reports the quasi-definitive geomagnetic data obtained in Panagyurishte observatory
in 2012, prepared in the form of local geomagnetic indices and absolute time-series of
hourly mean values plots. Verification of data quality is performed according to
“IAGA guide for magnetic measurements and observatory practice”

M. Metodiev, P. Trifonova (2013) Characteristics of the 2012 geomagnetic activity
recorded in Panagyurishte observatory, Proceedings of the Second National Congress
of Physical Sciences, Sofia, 2013

The 2012 annual daily mean values of the geomagnetic components are shown on
Figure 2. For the total field (F), vertical component (Z) and declination (D) there is a
visible upward trend of the secular variations, which is also observed for the past five
years. The horizontal component ( H) also follows the trend from the previous years
remaining in a plateau form. In the daily mean record of the horizontal component (H)
are visible the periods with the highest magnetic activity during the year. In most of
the cases detected geomagnetic storms in Panagyurishe observatory began suddenly,
continued less than 24-houres and are marked by an abrupt decrease of the H amplitude

P. Trifonova, D. Solakov, S. Simeonova, M. Metodiev, and P. Stavrev, 2013, Regional
pattern of the earth's crust dislocations on the territory of Bulgaria inferred from
gravity data and its recognition in the spatial distribution of seismicity, Pattern Recogn.
Phys., 1, p. 25-36, d0i:10.5194/prp-1-25-2013

Deformations in the earth’s upper layer can be mapped using a variety of methods and
techniques. This paper examines the regional pattern of linear structures on the
territory of Bulgaria using Bouguer gravity anomalies. The gravity data were analyzed
using integrated gradient interpretation techniques, such as the Total Horizontal
Gradient (THG) and Vertical Gravity Gradient (VGG). Derived gravity maps reveal
persistent lateral changes in density caused by faults, thrusts or dislocated block
borders. We thoroughly examine and describe the observed lineation pattern and relate
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it to the existing tectonostratigraphic information. Several decades after the earliest
attempts of potential field data application for revealing first order faults and crustal
blocks in the Bulgarian territory, we take advantage of improved techniques and high
quality gravity and seismological data for more reliable estimation of the seismogenic
potential of faults and thrust structures in the earth’s crust. The interpreted structural
elements are compared with the epicentral map and epicentral density function of the
examined area, to evidence relations between the revealed structures and seismicity.
The study indicates possible seismological significance of these lineations and
motivates the interest of further quantitative investigations for the purposes of seismic
hazard assessment.

M. Metodiev (2014) Modelling of declination’s secular variation for the purposes of
regional topographic mapping, Bulgarian Geophys. Journal, vol.40, p. 76-84

The most significant of the Earth’s magnetic field elements is the geomagnetic
declination, which is widely used in geodesy, cartography and their associated
navigational systems. The geomagnetic declination is incorporated in the naval
navigation maps and is used in the navigation process. It is also a very important factor
for aviation where declination data have major importance for every airport (civil or
military). As the geomagnetic field changes with time but maps of the geomagnetic
declination are not published annually and are reduced to an epoch in the past
(Buchvarov and Cholakov, 1985), it is necessary to define two additional parameters
in the maps, needed to determine the value of the geomagnetic declination for a
particular moment in the future: 1) estimated value of the annual declination variation
and 2) a table with the average diurnal variation of the declination for a given month
and hour.

M. Metodiev, P. Trifonova (2015) Geomagnetic activity for the last solar cycle
recorded in PAG observatory, Proceedings of the 7th National Geophysical
Conference, Sofia, 2015

From the beginning of Solar cycle 24 (4 Jan 2008) there are more than 25 days with
K-indices reaching or exceeding 6. Regardless of the fact that the current Solar cycle
have low sunspot numbers there have been several days with local K-index of 7 and
planetary index Kp with magnitude 8. Geomagnetic storms of such magnitude could
affect high-latitude power systems which may experience voltage alarms, long-
duration storms may cause transformer damage. In the field of spacecraft operations
corrective actions to orientation may be required by ground control as well as there
might be changes in drag affect orbit predictions. Also HF radio propagation can fade
at higher latitudes. (NOAA Space Weather Center)

Petya Trifonova, Metodi Metodiev, Petar Stavrev, Stela Simeonova, Dimcho Solakov,
2018, Methodology for numerical integration of different data types for the purposes
of seismic hazard assessment, Proceedings of the IX National Geophysical
Conference, 30th November 2018, Sofia
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Analysis of input data is a fundamental component of the seismic hazard assessment.
The territory of Bulgaria, located in the seismically active region of the Balkans, gives
us the opportunity to test new methods of integrating different types of data in order
to refine our seismotectonic model. In recent years, a number of high-quality
geological, geophysical and seismological data have been collected that are used for
the purpose of seismic hazard assessment. The present paper presents an algorithm for
the so-called spatial matching index, which indicates the absence or presence of
potential seismic sources in the input data. The Spatial Match Index (Q) is used to
assess the hazard in Bulgaria by quantifying the seismic potential of 416 square blocks
of 20x20 km covering the entire territory of Bulgaria and extended by 20 km outside
of the country borders. All operations are performed in GIS using their capabilities to
handle different types of georeferenced spatial data. The results show that the highest
seismic potential (the highest Q) was observed in 56 network elements (13% of the
territory), in which all three types of data were matched. Expected are the areas near
Varna, Rousse, Veliko Tarnovo, Sofia, Plovdiv, Krupnik and several other places.
Partial matching, i.e. one of the features is missing, is recorded in 98 block elements.
There are no signs of a seismogenic structure according to our calculations in 117
network elements, covering 28% of the studied area.

Metodiev, M., & Trifonova, P. (2019). Annual report of the observed geomagnetic
activity in Panagjurishte observatory for 2013. Bulgarian Geophysical Journal, Vol.
41, p. 65-82. https://doi.org/10.34975/BGJ-2018.41.7

Continuous registration of the geomagnetic field components gives the sum of all field
contributions from the internal and external to the Earth sources. A straightforward
separation of the individual contributions is impossible and many scientific studies
deal with different aspects of this problem (Mandea nad Korte, 2010). Approximate
description of the strength of different external variations however, are provided by
geomagnetic indices. A quantitative measure of the 2013 local geomagnetic activity in
the form of 3 hour K-index is published here, based upon the range of fluctuations in
the PAG observatory records over 3 h. intervals. Tables show that 2013 has relatively
quiet geomagnetic field with only 15 disturbed days having K-index = 5. Annual
variations of the geomagnetic field components are plotted by means of daily mean
values. Data are checked and verified according to IAGA requirements (Jankowski
and Sucksdorff, 1996).

Trifonova, P., Metodiev, M. , Stavrev, P. , Simeonova, S. and Solakov, D. (2019)
Integration of Geological, Geophysical and Seismological Data for Seismic Hazard
Assessment Using Spatial Matching Index. Journal of Geographic Information
System, 11, 185-195. doi: 10.4236/jgis.2019.112013.

Probabilistic seismic hazard assessment (PSHA) takes into account as much data as
possible for defining the initial seismic source zone model. In re sponse to this, an
algorithm has been developed for integration of geological, geophysical and
seismological data through a spatial index showing the pres ence or absence of a
potential seismic source feature in the input data. The spatial matching index (SMI) is
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calculated to define the coincidence of inde pendent data showing any indications for
existence of a fault structure. It is applied for hazard assessment of Bulgaria through
quantification of the seis[Imic potential of 416 square blocks, 20 x 20 km in size
covering the entire ter ritory of Bulgaria and extended by 20 km outside of the
country borders. All operations are carried out in GIS environment using its
capabilities to work with different types of georeferenced spatial data. Results show
that the high est seismic potential (largest SMI) is observed in 56 block elements
(13% of the territory) clearly delineating cores of the source zones. Partial match is
registered in 98 block elements when one of the features is missing. Not any evidence
for earthquake occurrence is predicted by our calculation in 117 elements, comprising
28% of the examined area. The quantitative parameter for spatial data integration
which is obtained in the present research may be used to analyze information
regardless of its type and purpose.

Trifonova, P., Metodiev, M., & Buchvarov, I. (2019). Digital data records in PAG
geomagnetic observatory available for a 60 years period. Bulgarian Geophysical
Journal, Vol. 42, p. 46-61. https://doi.org/10.34975/BGJ-2019.42.5

. Geomagnetic observatory data are used for investigation of internal Earth structure
and processes occurring in the deep interior. In addition, long series of data allow
extracting signals related to the Sun, Moon, Earth’s motion, etc. To obtain a 60-years
long record of the hourly mean values of the geomagnetic field component a lot of
efforts have been performed including scan of the old magnetic yearbooks,
digitalization of the images and verification of data. As a result, geomagnetic database
is created and made available through the institutional web-page and WDC Edinburgh
providing basis for scientific research and analysis.

Metodiev, M., & Trifonova, P. (2019). Annual report of the observed geomagnetic
activity in Panagyurishte observatory for 2014. Bulgarian Geophysical Journal, Vol.
42, p. 62-76. https://doi.org/10.34975/BGJ-2019.42.6

Continuous registration of the geomagnetic field components gives the sum of all field
contributions from the internal and external to the Earth sources. A straightforward
separation of the individual contributions is impossible and many scientific studies
deal with different aspects of this problem (Mandea nad Korte, 2010). Approximate
descrip tion of the strength of different external variations however, are provided by
geomagnetic indices. A quantitative measure of 2014 local geomagnetic activity in the
form of 3 hour K-index is published here, based upon the range of fluctuations in the
PAG observatory records. Table 1 shows that 2014 has relatively quiet geomagnetic
field with only 18 disturbed days. The most active period is recorded in December
2014 with 6 days having K-index > 5 and 1 with K=6. Annual variations of the
geomagnetic field components are plotted in form of daily mean values. Due to
technical reasons records are missing for February. Data are checked and verified
according to IAGA requirements (Jankowski and Sucksdorff, 1996).
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Metodiev, M., & Trifonova, P. (2020). Annual report of the observed geomagnetic
activity in Panagjurishte observatory for 2015. Bulgarian Geophysical Journal, Vol.
43, p. 43-58. https://doi.org/10.34975/BGJ-2020.43.4

Continuous registration of the geomagnetic field components gives the sum of all field
contributions from the internal and external to the Earth sources. A straightforward
separation of the individual contributions is impossible and many scientific studies
deal with different aspects of this problem (Mandea nad Korte, 2010). Approximate
descrip tion of the strength of different external variations however, are provided by
geomagnetic indices. A quantitative measure of 2015 local geomagnetic activity in the
form of 3 hour K-index is published here, based upon the range of fluctuations in the
PAG observatory records. Table 1 shows that 2015 has disturbed geomagnetic field
with 67 disturbed days. The most active period are recorded in September, October,
November and December each of them having at least 7 days with recorded
geomagnetic storm. The most strong events during 2015 are two — between 17-23
March with largest K=7 and 22-23 June when K=8 was reached. The observed activity
is quite reasonable because 2015 is in the middle of the 24th Solar cycle. with 6 days
having K-index > 5 and 1 with K=6.

Petya Trifonova, Dimcho Solakov, Stela Simeonova, Metodi Metodiev, Stefan Florin
Balan. Parameters of the Seismic Risk for Blagoevgrad Region, Bulgaria. Az-buki
National Publishing House, 2020, ISBN:978-619-7065-38-1; e-ISBN 978-619-7065-
39-8, DOI:https://doi.org/10.48365/envr-2020.1.32, 353-360

Exposure means people, property, systems, or other elements present in hazard zones
that are thereby subject to potential losses. Present research analyses the human
exposure at one of the most dangerous earthquake zones in Bulgaria-Blagoevgrad
region as one of the main parameters of the seismic risk. Seismic hazard is modelled
using GIS and overlaid with one square kilometre grid of population distribution in
order to determine the population exposure. We define a parameter called “population
exposure index” (PEI) which has five classes: Minor, Low, Moderate, High and Major.
As was expected, the seismic hazard levels of Blagoevgrad region are in the upper part
of the classification scale. The Krupnik-Kresna area is fully covered with the highest
5th level and the remaining part falls within the interval limits of level 4. The total
population in the Blagoevgrad region (NUTS I1) is around 138 000 people. Results
show that more than 45 000 people are exposed to the highest level of seismic hazard.
More than 50 settlements (towns and villages) are classified with Major (5) PEI.

Metodiev, M., Trifonova, P.. Annual report of the observed geomagnetic activity in
Panagyurishte observatory for 2016. Bulgarian Geophysical Journal, 44, 2021,
ISSN:2683-1317

Magnetic variations shows different records at each observatory. They depend mainly
on the latitude of the observatory and the local time. This paper reports the definitive
geomagnetic data obtained at Panagjurishte Observatory in 2016, prepared in the form
of local geomagnetic indices and absolute time-series of daily mean values plots. The
Solar cycle 24 was a slowly rising one having moderate amplitude
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(https://www.swpc.noaa.gov/products/solar-cycle-progression). It had a "double-
peaked" solar maximum, with the first peak reaching sunspot number of 99 in 2011
and the second peak in April 2014 with 101. Calculated indices show that 2016 had 62
days with “storm” level conditions of the geomagnetic field but only moderate levels
have been reached. Only one day, 25.10.2016 picked at K-index 7. This is reasonable
due to the fact that the sunspot numbers that year continue to decline. Verification of
data quality is performed according to “IAGA guide for magnetic measurements and
observatory practice”.

Metodiev, M., Trifonova, P.. Annual report of the observed geomagnetic activity in
Panagyurishte observatory 2017. Bulgarian Geophysical Journal, 44, 2021,
ISSN:2683-1317

Continuous registration of the geomagnetic field components gives the sum of all field
contributions from the internal and external to the Earth sources. A straightforward
separation of the individual contributions is impossible and many scientific studies
deal with different aspects of this problem (Mandea nad Korte, 2010). Furthermore,
there are also effects of additional sources which could influence the magnetic records
as for example thunderstorms (Chamati and Andonov, 2021).

Approximate description of the strength of different external variations however, are
provided by geomagnetic indices. A quantitative measure of 2017 local geomagnetic
activity in the form of 3 hour K-index is published here, based upon the range of
fluctuations at the PAG observatory records. Table 2 shows that the number of data
having disturbed geomagnetic field in 2017 is decreasing down to 50 (for comparison
- in 2016 there were 62). The most active period began on August 31 and led to 10
stormy days in September. The strongest events during 2017 were on 22 February and
08 September with largest K-index 7. The observed activity is quite reasonable
because 2017 is already in the declining part of the 24th Solar cycle.

Cumeonos, C., Conakos, /l., 'eoprues, U., Bauesa, P., lumutpos, ., Credanos, /.,
CumeonoBa, C., Tpudonona, I1., Bacesa, E., Uepke3ona, E., Anekcanaposa, U.,
Kanena, A., Bop6anos, M., MeroaueB, M., Paiikosa, I1., Jluakos, [1.. Metonuka 3a
aHaJIM3, OIleHKa W KapTorpadupaHe Ha CEM3MUYHUS PUCK Ha PenmyOmmka bwirapus.
MPPB, Utyc'98, 2018, 132

N3non3BaneTo Ha reopU3MUHN METOAM IPU OIEHKaTa Ha CeM3MHUYHATa OMACHOCT Ce
npuiara B CTpaHaTa M 4y)XOuMHa oT mocieaHute paecetwnetus. Cren HampaBeH
nperJiel Ha HopMaTUBHATa ypei0a B cTpaHarta (3akoH 3a Ola3BaHe Ha OKOJIHATa cpeja,
00H., IB, 6p. 91 01 25.09.2002 r.; BDSEN 1998-1/NA (2012):EUROCODE 8: Design
of Structures for Earthquake Resistance - PART 1: General Rules,
SeismicActionsandRulesforBuildings, u CcHOTBETHOTO HAIIMOHAIHO MPHUIIOKEHUE,
bearapcku nHCcTUTYT N0 ctanAapTu3anus 2012), kakTo U Ha pbKOBOJICTBATA, Kacaellu
CEM3MUYHO OcuTypsiBaHe Ha s30BUpH (Selecting seismic parameters for large dams
guidelines, Bulletin 72, 2010 Revision) u 3a 6e3omacuoct Ha AASP (IAEA SSG-9 -
Seismic Hazards in Site Evaluation for Nuclear Installations. IAEA, Vienna, 2010),
onucBaiy o0xBara Ha reo(U3NYHUTE M3CIEJBAHMS 3a OIIEHKAaTa Ha CEM3MHUYHATa
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OTIACHOCT CTaBa SICHO, Y€ BUJIBT, 00EMBT M ManiadbT Ha T€OOU3NIHUTE U3CIICABAHUS
3a OIICHKA Ha CEU3MHUYHATA OMACHOCT HE C€ OMPEENAT SKCIUIMIIUTHO B HOPMATUBHH
JOKYMEHTH KaTO 3aKOHHM, HapenOu u mnpaBuiaHunud. OOHKHOBEHO ce€ JaBaT
npeanucanus 3a 00XxBaTa Ha reo(hU3MIHUTE paboTH, KaTo Ce aKIIEHTHUPa Ha pe3yJITara,
KOHTO TpsiOBa /1a ce mocTurHe. ETO 3a1110 B U3MBIHEHUTE JI0CETa MPOCKTH 32 OIICHKAaTa
Ha CEeM3MUYHATa OMACHOCT c€ Ha0It0/1aBa pa3HOoOOpa3ue B MPUIIOKEHUTE METOAU U
TEeXHHUKH Ha uHTeprpeTanus. OCHOBHATA 11€J1 HA MPOBEICHUTE MO HACTOSIIHS JOTOBOP
U3CIIEIBAaHUSI Ha TPAaBUMETPUYHOTO M TEOMArHUTHOTO TOJ€ € W3BIMYAHETO Ha
uH(pOpMalIKs 3a CTpOeXka Ha 3eMHaTa Kopa Ha TepuTopHsaTa Ha bbarapus u 6au3kure
OKOJIHOCTH C OTJIe]l YCTAHOBSBAHE MECTOIOJIOKEHUETO Ha IBIOOYMHHH pPA3JIOMH,
IPaHUIM HAa TEKTOHCKU OJOKOBE, KApTUPAHE HA OTJCIHUA CTPYKTYPH IO TeohU3NIHI
JaHHU W MapKUpaHe Ha OCHOBHU IUTBTHOCTHH W MAarHUTHU HEEAHOPOIHOCTH B
3eMHaTa Kopa. [Ipy KOMITJICKCHUSI aHAJM3 HA TPABUTAIMOHHOTO M T'€OMAarHUTHOTO
mojiie Bb3 OCHOBA Ha MyONMKyBaHM M (OHIOBH MaTepHalld Ha MPOBEICHHUTE
KOJIMUECTBEHU OIpe/IeJICHHsI ca KOMITWINPAaHU 0a3u TaHHU Ha aHOMAJTHUTE TOJIeTa 3a
Teputopusita Ha bbiarapus u okonHoctute. HampaBeHo € JeTailiHO onucaHue Ha
Ha0JI0/IaBaHUTE aHOMAJIMH, U3YUCICHH ca Habop oT TpaHcopmaluu Ha Oa3ara Ha
MPOCTPAHCTBEHUTE MPOU3BOJIHU, KOUTO Ca CHUIIHO UYYBCTBUTEIHU KBbM MO-PE3KHUTE
W3MCHEHUS B CTOMHOCTUTE HA TPABUTAIMOHHOTO M MAarHUTHOTO moJje. KapTupanero
Ha Te3W H3MEHEHMSI J1aBa Bh3MOKHOCT JIa C€ 0YepPTasAT MECTaTa, IMHUUTE U 30HUTE Ha
AHOMAJTHUTE MPOSBH OT THUINA TPABHTANMOHHHW MPEXOJU, CBBP3aHU HAW-YECTO C
pPa3KbCBaHMS B ABJIOOYMHA ¥ HAIMYUE HA JCHUBEIUPAHU OJIOKOBE C pa3jindaBaiia ce
IUTBTHOCT M WJIM HAMarHUTEHOCT B XOpPU3OHTaleH IiaH. Te3d W3TOYHUIM Ha
AHOMAJTHU e(EeKTH ca OTOeNsA3aHU 0010 KaTO KOHTAKTHU Ie0CTPYKTYpH. Te moraT ia
MOCITY>KaT 32 KOMIIIUPAHETO HAa CEU3MOTEKTOHCKUS MO/IeN, HEOOXOIUM 3a OlIeHKa Ha
CEeM3MUYHaTa OMAacHOCT.

Humuo Conakos, Ctena Cumeonona, Ilets Tpudonosa, Ban I'eoprues, [lnamena
PaitkoBa, Meroau MetoaueB, HWpena AnekcanmpoBa, Jumutsp CredaHnos,
CgerocnaB CumeonoB, Pymsina Bamesa, Enena Bacesa, [leitBuc [lunkos, ['eopru
['eoprues. YmpaBnenue Ha cem3MU4YHHUS pUCK 3a crpaau. [Ipod. Mapun [Ipunos -
Codus, 2019, ISBN:978-954-322-988-8, 248 - 4 rnasu

[IpencraBeHoTo B HacTosmus TpyH € oOOOIIeHHME Ha pe3yaTaTUTe IMOJYYE€HH OT
n3biaHeHnero Ha npoekt [(C/[-04 ,,YnpasnpHue Ha CEM3MUYHHS PUCK 3a Crpaau’
1esIeBO (pMHAHCUPAH OT MpaBUTEICTBOTO Ha PemyOnuka bwearapus upes bbarapcka
Axanemus Ha Haykure.

[Ton cen3muyeH puck ce pa3dupar MOBPEAUTE HIIH 3aryOUTe, KOUTO € BEPOSATHO Ja
BB3HUKHAT OT H3JIATaHETO Ha OMacHOCT (Xa3apT) oT 3emerpeceHne. OOMKHOBEHO
3aryOuTe ce M3MEepBaT 0 OTHOIICHHE HA OYaKBAHUTE XEPTBH (CMBPTHH CIydau U
paHEeHH ), TUPEKTHUTE HKOHOMHUYECKH 3aryOu, TUPEKTHUTE (PU3NICCKH M MaTePHAITHU
3aryou (pa3pylieHd W TOBPEICHH CTPajii) U KOCBEHH MKOHOMUYECKH W (PU3UUECKH
3aryou. [lo-crienupuynm 3aryon kato o6eM Ha OTJIIOMKHUTE, OpOil Ha IOMaKWHCTBA,
KOUTO C€ HYKJasAT OT MOJCJOH, U JAPYTU C€ U3IMOJI3BAT AUPEKTHO 3a TUIAHUPaHE Ha

16



nercTBusITa B ciaydaid Ha OemctBue (Seismic hazards, https: //www.fema.gov/
earthquake/your-earthquake-risk).

Cem3muunuAT xaszapT (seismic hazard) moxke ma ce neduHUpa KaTo MPOIEC WIH
¢u3uUecko sBICHHE, CBHP3aHO C pean3alusATa Ha 3eMETPECeHHe, KOETO MOXKE Ja
JIOBEJIC JI0 3ary0a Ha )KUBOT, HApaHIBAHE WU IPYTH Bb3JICUCTBUS BHPXY 3/IPABETO HA
YOBEKa, UMYILECTBEHU LIETH, COLMATHI U HKOHOMHUYECKU ChTPECEHUS U YBPEKIaHe
Ha okojiHaTta cpefa (UNISDR). Cem3aMuuHUAT Xa3apT € MPUPOJIHA TaICHOCT, KOATO HE
MoO3Ke Ja Ob/ie KOHTPOJIMpaHa OT YOBEKa.

Haii-00110, aHanM3bT Ha CEM3MHYHUSAT Xa3apT € CBbpP3aH C OICHKAaTa Ha 3E€MHHUTE
JIBIDKEHU HA JaJiCHa IJIOIIAAKa BCIIEACTBUE HA MHOXXECTBO OT CEM3MUYHHU CLIEHAPUU
(Bommer, Abrahamson, 2006). Bceku cuenapuii ce neduHupa uype3 cuiara Ha
3emeTpecennero (Maruutyna, M), pascrosinue 1o miomaakara (D) (koero moxe na
ObJle CMUIICHTPAIHO/ XUITOICHTPATHO/ Hal-OMM3KOo 10 paskbeBaHeTo/ JB — Haii-
OJIM3KO JT0 IPOCKIHSITAa Ha pa3KbCBAaHETO HA 3¢MHATa MIOBBPXHOCT), IPYTH MTapaMeTpH
Ha 3EMETPECEHUETO KAaTO THII Pa3IoMsIBaHE, FTEOMETPHUS HA PA3JIOMSIBAHETO, TOYBEHH
yCIIOBHS Ha IUIONIaaKaTa U apyru (o3Havapar ce ¢ X). CtoitHOoCTTa Ha M30paHus 3a
aHaJIM3 TapaMeThp Ha 3€MHOTO JIBUKCHUE (MHTCH3UBHOCT, YCKOPEHHE, CKOPOCT,
IIPEMECTBaHE) ce U3YMCIIsIBA (IPOTHO3MPA) Ype3 3aKOHH 32 3aTUXBAHE,

CepuiecTByBaT JBa OCHOBHM IIOJIXOJa 3@ OLIEHKAa Ha CEU3MHUYHUS Xa3apT —
nerepmunuctuaeH (DSHA) u Bepostaocten (PSHA). ColiecTBenara pasinka Mexay
JETEPMUHUCTUYHUS U BEPOSITHOCTHUS aHAIM3 HAa CEM3MUYHUS Xa3apT e, ye npu DSHA
ce pasriiexia camo euH uim Hakoiako M-D-X cienapus, a npu PSHA ce pasriexnar
e(eKTUTEe OT BCUYKHU BB3MOXXHU KoMOuHanuu Ha M, D u X.

JIeTepMUHUCTUYHUAT MOIXOJ] MMOCTY/IHMpa MOsABAaTa Ha 3€METPECEHHE C OIpe/aeeHa
CHUJIa ¥ KOHKPETHO MECTOIOJIOKEHHUE U OLICHSIBA Bb3/IEUCTBUATA OT TOBA 36METPECEHUE
3a KOHKpETHa IUIOmIa/iKa. /[erepMuHUCTHYHATA OLIEHKA € HUBOTO HAa CEU3MUYHUTE
3€MHU JIBIDKCHHS, TIPEAN3BUKAHU OT HAM-CHIIHUTE 3€METPECEHHUs, PEATM3UpaHd B
HAi-ONMM3KUTE N0 JajJicHa IUIOIMIaJKa CEHM3MUYHHM H3TOYHHIM. To3M ITOJXO0J HE
MPOTHO3UPA BEPOSATHOCTTA 3a CIyYBaHE Ha JIaJIGHOTO CHOWTHE TIPE3 OIpeesieH
MepuoJ OT BPEME.

BepoSTHOCTHHUSAT MOAXOJ OLIEHSBA BEPOSTHOCTTA 3€MHOTO JBHKCHHE Ja MPEBUIIH
OTpeieiecH0 HUBO BCJEJICTBUE Ha 3eMETpeceHHe 3a MJaJieH IMepHoJ OT BpeMme.
BepoATHOCTHHAT MOAXOM JaBa KOMWYECTBEHA OIICHKA Ha CEM3MHYHHUS Xa3apT 3a
Ja/IeHa IJIOMIAAKa OT BCHUYKHU Bh3MOKHH 3€METPECEHUs Ha pa3IMYHU PA3CTOSIHHS KaTo
6pOI\/JI HaaABHUIIABAHUSA UM BEPOATHOCT 3a HAABUIIABAHEC, HA NaJCHO HUBO HA 3CMHOTO
JBIDKEHHE 32 MHTepecyBaiy HU niepuoau oT Bpeme (Thenhaus, Campbell, 2003).

W3noxkeHoCcTTa OmKcBa BCHYKO, KOETO € MOTEHIMAIHO H3J0XKEHO Ha CeM3MUYHA
ormacHocT. ToBa BKJIIOYBA XOpa, UMYIIECTBO, CbOPBKEHUS, UHPPACTPYKTYPU U JIp.,
pa3MoJIOKeHH B CEU3MUYHO oOmMacHa o0JacT M MO Ta3W MpPUYMHA ca OOEKT Ha
notennuanau 3aryou (UNISDR).
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VYs13BUMOCTTTA, Haif-00110, € Bph3KaTa MEXIy CTCIICHTa HA YBPEXKIaHEe Ha CIpaid U
CHOPBKEHUS W CEHM3MHUUYHUTE Bb3AeHCTBHA. ChIIECTBYBAT MHOTO AaCHEKTH Ha
YS3BUMOCTTA, IPOU3THYAIIN OT PAa3IMYHUA (PU3NYECKH, COLUAIHN, HKOHOMUYECKH U
€KOJIOTUYHU (DaKTOpU. YSA3BUMOCTTAa BapHpa 3HAYUTEIHO B PAMKHUTE Ha JaJeHA
OOIIHOCT U ¢ TeYeHUe Ha BpeMeTo. B obmiara ynorpeba Ha TepMHuHA “yS3BUMOCT’
YeCTO ce BJIara Mmo-IIMPOK CMUCHI KaTo ce BKIoYBa U “uznokenocrra” (UNISDR).

Ouenkata Ha YA3BUMOCTTa € WU3BBpIIeHa Ha Oa3zara Ha EBpomneiickara
MakpocensmudHa ckaia (EMS-98) ¢ u3noszBanero Ha MHACKC Ha ys3BuMocT. B EMS-
98 ca neduHupanu 6 Kiaca Ha ySI3BUMOCT, o3HadeHU oT A no F u moapenenu B
HaMaJsiBalll ya3BUMOCTTa pell. Bceku Tum crpaja ce Xxapakrepusupa ¢ npeodiiaaasar,
Hal-BEpOSITEH KJIAC Ha YSA3BUMOCT, 3a KOWTO CBINECTBYBAa 3aBUCHUMOCT MEXIY
CEeM3MHUYHATAa MHTEH3UBHOCT U MPETHPIISIHATA MTOBpeIa. B kiiacoBere Ha ysA3BUMOCT ca
rpYNUpaHU pa3JIYHU THUIIOBE Crpajd, KOUTO CE€ XapakTepusupar ¢ M0J00HO
CEM3MUYHO MoBeieHrne. Upes aHanus3a Ha ySI3BUMOCTTA ce pa3padoTBaT 3aBUCUMOCTH
MEXIy M[apaMeTpuTe Ha 3€MHOTO JBW)XEHHME U BbB3MOKHHUTE TOBpEIU B
KOHCTPYKIIMUTE 32 BCEKHM €IUH MPOTOTUN (IpEeICTaBUTEN]l Ha BCSIKa Tpyma
KOHCTPYKIUN). Te3u 3aBUCHMOCTH ce U3MOJI3BAT 32 ONpeeIIsiHE Ha OYaKBaHUS pa3Mep
Ha KOHCTPYKTMBHHMTE IIOBpEIM Ha crpajara 3a JaJeHO HUBO Ha CEU3MHYHOTO
BB3IACHUCTBHE.

CensMUYHHUS PUCK 3aBUCH OT peauna (akTopu — COIUATHO MKOHOMHYECKO Pa3BUTHE,
CHOTHOILLIEHNE HA OMACHOCTTA MEXKJY Pa3IMYHUTE, OYaKBAaHU NPUPOIHU SIBICHUS —
3eMETPECEHMs], HABOJAHEHUS, TallpyHU U Jp.

OcHoBHHTE (aKTOPH, KOUTO OIPENEAT CEU3MUYHMSI PUCK, Ca: HUBO Ha CEM3MUYHUS
xa3apT, Opoii Ha Xxopara u 00eKTUTe (YacTHA U MyOJIM4YHa COOCTBEHOCT, TAMETHHIIN Ha
KyJnTypara, uHQpacTpyKkTypa, yrpaBieHue, GyHKIIMH Ha Tpaja U T.H.), U3I0XKEHH Ha
ceM3MHMUHHUS Xxa3apT ((pakTop HU3IOKEHOCT), M CTeNeH, J0 KOATO Xopara H
coOCTBEHOCTTa B TO3M PAalOH ca YSA3BUMH IpU 3eMETpBhCHATa OMACHOCT ((hakTop
ys3BuMocT) (Seismic hazards..., https: //www.fema.gov/ earthquake/your-earthquake-
risk).

CensMHUUYHHUAT PUCK C€ OIICHSBAa 4Ype3 KOMOMHHUpPAHE PEe3yITaTHTE OT aHaiM3a Ha
CEeM3MHMYHHUS Xa3apT C HU3J0XKEHOCTTa M (YHKIMUTE Ha YSI3BUMOCT (OIIEHKa Ha
BEPOATHOCTTA 3a IOsBAa HAa pa3jIMYHM HHMBA Ha YBpPEXJaHE Ha CHOPBHKECHHUATA B
3aBHCUMOCT OT 3€MHMTE JBMXKeHHus). Hail-o0mo omeHkara Ha CEeM3MHUYHHUS PHUCK
BKJIIOYBA ONpeZeNsHe Ha HeOJaronpusTHUTE TMOCIEIUIM, KOUTO Xopara H
oOLIECTBOTO MOraT Ja MPEeThPIAT B pe3yinTarT Ha Obaeuy 3eMerpeceHus. B to3u
CMHUCHJI OLIEHKAaTa Ha CEM3MMUYHHUS PUCK € YacT OT NPEBAaHTUBHUTE JAEWHOCTH 3a
HaMaJlsIBaHe Ha 3aryouTe npu OeICTBUS.
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