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Abstract.The results from the first magnetotelluric (MT) survey in Bulgaria on
hydrothermal reservoirs are presented. The project was initiated under Indo-
Bulgarian collaborative program supported by Department of Science and
Technology, New Delhi, India and Bulgarian Academy of Sciences, Sofia, Bulgaria.
The main objective of this study was to search for deep seated reservoirs for the need
of geothermal energy use. Field visits were made to 15 sites in Bulgaria to identify
the existence of suitable conditions for magnetotelluric investigations. Three
reservoirs in Burgas basin (SE Bulgaria) have been selected after complex analysis of
available geological, hydrogeological and geophysical data. MT data acquisition and
processing are discussed. The results are presented as distribution of apparent
resistivity and phase versus frequency. A deep seated conductivity medium is clearly
outlined near Polyanovo.

Key words: magnetotelluric method (MThydrothermal reservoirs, thermal waters

Introduction

Thermal water use has an ancient tradition in Bulgaria. The temperature of
discovered water does not exceed °tD@&nd is used only for direct application —
balneology, heating of buildings and greenhouses, bottling, &ojafigieva et al. 2011).

The need of electricity generation requires exploration of thermal waters with temperatures
above 100°C. This article presents the results obtained during the first magnetotelluric
survey on geothermal structures in the country. MT allows detection of electro-conductive
zones associated with productive structures, including faults and presence of a cap rock.
The investigation depth ranges from 300 m below ground down to 10,000 m or deeper with
long-period soundings. The earth’s natural electromagnetic field contains a very wide
spectrum of frequencies as low ones are useful in probing to depths of several hundreds of
kilometers. The method works best where seismic has problems in areas of high-velocity
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cover such as volcanic provinces, carbonate cover, salt, etc.

This study was conducted by a team of Indian and Bulgarian scientists under Inter-
governmental program of cooperation in science & technology.

The paper aims at presenting the application of MT-methodology for probing deep
seated hydrothermal deposits in Bulgaria and to discuss the obtained results for the selected
region.

Selection criteriafor geothermal sites

The selection of geothermal reservoirs suitable for MT survey was made after
aralysis of available geological information, basic hydrogeological parameters, conducted
geophysical surveys and field conditions. The site should be significantly away from power
transmission lines, highways, human settlements, large water bodies, undulating
topography, etc.

Three geothermal sites located in Burgas region (NE Bulgaria) — Polyanovo, Aitos
and Sadievo have been selected after visiting 15 hydrothermal deposits located in nine
geothermal basins in the country. The study started with the analysis of the exiting
geological and geothermal data. Temperature field distribution in depth is analyzed based
on the well-log data, water temperature, measured at the wellhead and calculated
temperature by chalcedony geothermomeRujédgieva et al. 2007
Temperature field in Polyanovo has been studied in more details due to the largest number
of wells and temperature logs in them and for the highest hydrothermal potential (
Bojadgieva et al. 2006 The measured water temperature i¥4i@ Polyanovo and 5C in
Aitos. Higher temperatures are expected in deeper seated reservoirs.

The available geological and hydro geological information for the region
(Vlaskovski, 1997) was used to layout the measuring stations along profile lines.

Methodology of MT sounding

MT is a geophysical method that measures naturally occurring, time varying
magnetic and electric fields. The solar wind (plasma) disturbs the earth’s magnetic field and
cause ultra low-frequency signal (generally less than 1 Hertz) to penetrate the earth’'s
surface. The higher frequency signal (greater than 1 Hertz) is created by thunderstorms,
usually near the equator. Both of these sources create time varying electromagnetic waves.
The signals vary in strength over hours, days, weeks and even over the sunspot cycle. The
MT field measurements last for hours at each station to get a good statistical average of
data signal, especially when measuring them at the lowest frequencies (about 0.001 Hertz).
The main parameter that is derived from MT is electrical resistivity. The factors affecting
resistivity are lithology, hydro geological processes, pressure and temperature.

Electromagnetic (EM) theory is originated from four fundamental equations
proposed by J.MaxwelZhdanov, 1994). The orthogonal components of the electric (Ex
and Ey) and magnetic (Hx,Hy and Hz) fields are simultaneously recorded. The relationship
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between them can be expressed as a complex impedance temsa@t 2ach frequency

1).(2):

Z, Z
[z]= 7 (1)
Zyx Zyy
where
_El«)
ny (0)) - H , (w) (2)

As an electromagnetic wave penetrates the Earth, its amplitude will decay at a rate
dependent on the conductivity of the rocks and the rate of time variation of the frequency.
The apparent resistivitigp) could be derived from the amplitudes (3):

paxy(w)=i%2 @3)

where | is a constant.

A typical MT station layout is given in Fig.1
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Fig. 1.. MT setup (http://www.moombarriga.com)
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Five components (Hx, Hy, Hz, Ex and Ey) are measured at the surface as a set of time
series. The vertical electric field is not measured because it is assumed to IS=veral
processing steps are run after acquiring these data and as a result noise is removed from
them. The data are transformed from a time-domain to a frequency domain. This is
achieved by using Fourier transforms.The data would be further inverted to produce a cross
section of resistivity vs. depth (Zhdanov, 1994).

Field survey

The location of the study region is presented in Fig.. built of Quaternary and
Neagene sediments and Upper Cretaceous sediment and volcano-sediment rocks,
intersected by tectonic faults. The Upper Cretaceous sediments consist of alternation of
marls, siltstones, argillites, clayey limestone and sandstones, while the volcanic complex
comprises andesites, basaltic andesites and tuffs. Quaternary and Neogene sediments are
thin (from 0-59 m) and built mainly of clays and gravels. The thickness of Upper
Cretaceous is very high and its bottom hasn’t been reached. Polyanovo geothermal area has
been identified for conducting MT field investigations as this area is well studied compared
to other nearby geothermal sites such as Sadievo and Aitos and also suitable due to less
cultural noise (e.g. power lines, vehicular traffic etc.), Fig.2. the reservoir represents an
unstratifed fractured type water collector, which is characterized with a high filtration and
thermal inhomogeneity (Vlaskovski, 1997).

MT measurements are done in totally 14 stations. Seven of them are placed along
a regional profile (1), which is 35 km long and oriented in north-south direction (stations
between 13 and14), Fig. 2a. Four shorter profiles about 1 to 3 km long are placed around
Polyanovo for more detailed survey, Fig.2b.

MT data processing and inter pretation

The MT field survey in Bulgaria has been carried out by equipment provided by
National Geophysical Research Institute in Hyderabad, India (Harinarayana et al. 2008).
The ADU (Analogue Digital Unit)-06 is the main unit of the Metronix multi-channel
geophysical measurement system GMS-06. The electric and magnetic field sensors are
connected directly to the ADU-06 unit. Between ten to thirty channels are recorded at one
time. The ADU can be operated either by using the control software GMS (offline
recording mode) or by MAPROS (online recording mode and data processing) which runs
under Windows 95/98 or Windows NT/2000/XP operating system. The measured time
series at 14 sounding locations are processed using Mapros MT time series analysis and
processing software to estimate the best MT impedance values in the frequency range 1000
Hz — 0.001 Hz. The processed MT apparent resistivity and phase curves in the measured
directions (XY — geomagnetic north-south and YX- geomagnetic east-west) are drawn for
along the five profile lines.

The apparent resistivity and phase data for the station 3 (Polyanovo), located near the
central part of the study region, is presented in Figure 3. The data are plotted on a log-log
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curve. One curve shows the apparent resistivity (RhoXY) determined from the electric
field, in the north direction (Ex) and the magnetic field, in the east direction (Hy). The other
curve (RhoYX) plots the data for the other two orthogonal horizontal fields, Ey and Hx.

The sediments of Quaternary, Neogene and the upper weathered part of Upper
Cretaceousave exhibited conductive as compared to the belovetJgpetaceous volcano-
sediment rocks. This can be seen clearly showing the apparent resistivity values of 10
Ohm.m in (100 — 1000 Hz) frequency range. For lower frequencies (10 - 1 Hz) the apparent
resistivity steeply raises indicating the presence of high resistive basement below the
sedimentary cover. For further lower frequency range (1 - 0.01 Hz) the apparent resistivity
values show a decreasing trend indicating for the presence of deeper anomalous structure in
the central part of the study area. The same trend is confirmed by the data measured in
station 4 (Fig.2b), located also in Polyanovo area.

An example of MT data is presented for the station 13 located away from
Polyanovo area towards southern part near Vinarsco village (Figure 4). It has exhibited
relatively high resistive layer at the high frequency range indicating that the site is located
over a high resistivity formations as compared to the stations 3 and 4 (near Polyanovo).

Further for the lower frequency range the apparent resistivity has shown small
gradient for the station 13. The same trend is exhibited for a station 14 located towards
northern end of the study area (near Shivarovo). From these stations 13 and 14 it is clear
that the deeper anomalous conductor indicated near the central part of the profile 1 of the
study area has not extended to far away locations.

b)
Fig. 2.. Location of MT stations and regional profile -1 (a) and short profiles - 2,3, 4 and 5
layout in Polyanovo area (b)

Bulgarian Geophysical Journal, 2012, Vol. 38 7
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The pseudo-section prepared using apparent resistivity data along both xy and yx
are presented along the stations of regional profile-1 (Figure 5). The stations located
towards north covering the stations 14, 2, 1 and also another station 12 towards south have
exhibited relatively high resistivity as compared to the stations 11, 5, 9 located near centre
of the profile. Near the center shallow section corresponds to high frequency up to about
100 Hz conducting sediments of Quaternary, Neogene and weathered volcano-sediments
rocks of Upper Cretaceous. This is followed by high apparent resistivity for the frequencies
(10-1) Hz and further lower frequencies has tendency to show conductive formations at 0.1
Hz.

Similarly, phase pseudo-section for profile 1 is presented in Fig.5. The high
frequency band near the middle part of the profile has phase values ranging between 35 and
55 and as the frequency decreases the phase value also decreases to 10 to 30 and for further
lower frequencies the phase again exhibited higher values of 35 to 50. This is compatible
with the apparent resistivity pseudo section in the form of conductor-resistor-conductor
layers near the central part of the profile 1.

Apparent Res i twiy vEE

LOG RHO (OHN M)

PHASE ANGLE (DEG)

i O s H

Fig. 3.. MT data for station 3 after processing

Appare nt Re sis tivity nELR

LOG RHO (OHM-M)

PHASE ANGLE (DEG)

Fig. 4. MT data for station 13 after processin
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Fig. 6. Regional distribution of phase values as a function of frequency (profile 1).
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The existing conductive zone in the middle of profile-1 is marked also on the apparent

resistivity and phase pseudo-sections along profiles 2 and 4, located in the Polyanovo
hydrothermal zone.

Indications of deep seated hydrothermal zones are registered in other hydrothermal basins

in the country, where suitable conditions for MT sounding are also available.

Conclusions

About 15 geothermal sites in Bulgaria were visited to select the best conditions for
conducting magneto telluric sounding - Polyanovo geothermal reservoir (SE Bulgaria). A
detailed study of temperature field distribution, geological and hydrogeological conditions
in Polyanovo had been done before the execution of the magnetotelluric survey.

The distribution of apparent resistivity and phase values along one regional and four local
profiles clearly define two conductive zones. The next step is the assessment of resistivity
variations versus depth.
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MaoruuroreiypudHd mnpoyyBaHusi B bByprackusi xugporepmaien 6Gacemn (CHU
Boarapus )

XapunapasiHa T., Cpebpos b., Beepacyamu K., bospkuesa K., Xpucros B.

Pestome. IlpencraBeHn ca pe3yiaTaTd OT IIbpBUTE MaruuToTeaypuunu (MT) mpoyduBaHus
Ha XuApoTepManeH pesepsoap B beirapus. To3u mpoekT Oerre MHANMUPAH B paMKUTE Ha
bovarapcko-Muaniickara nporpama 3a ChbTpyAHUYECTBO MexAy JlemapraMmeHnTa 3a Hayka U
texHnosnoruu, Hio [enu, Unaus u bearapckara akajgemus Ha Haykurte. ['J1aBHUS Len Ha
TOBa HW3CJIEIBAHE € Ja Ce THPCAT OBIOOKH TeOTEpPMATHH pPE3epPBOApH 3a JOOWBaHE Ha
reorepMaiiHa eHeprus. bsxa mocerenu 15 obekra B bwirapus 3a ga ce onpenensT TakuBa,
C TIOAXOIAIIN YCIOBHUS 32 IPOBEKAaHE HA MATHUTOTEIYPUYHN U3CIeqBaHNsA. bsaxa n3dpanu
Tpu pe3epBoapa B Byprackus 6aceun (CU-Bbirapus) 3a KOMIUIEKCEH aHAIIN3 Ha HaJTHYHUTE
TEOJOTWYHH, XHIPOTEOJOTHYHH ¥ Teo()M3WYHM JaHHW. B cratmaTra € mpencTaBeHO
nosrydaBaneto Ha MT naHHM W TaxHaTa oOpaboTka. Pesynrature ca mpencTaBeHH KaTo
pasmnpezencHre Ha TMPUBHIHOTO CHIPOTHBICHHE M (a3aTra B 3aBUCHMOCT OT YecToTara. B
pesyarar or mpoBeneHoro MT mpoyuBaHe € HamepeHa 30Ha C  BHCOKa
€JIeKTPONPOBOIUMOCT B Osm3ocT a0 c. [TomsHOBO.
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Abstract. The work is directed to test the ability of some instability indices to be
used as an indicator of lightning from convective clouds. Three instability indices
(CAPE, Lifted Index and K Index) are calculated using environmental conditions of
98 days with precipitation, detected in eleven synoptic stations located in eastern
Bulgaria in the period April — September 20@&r the statistical analyses the cases
have been divided in two samples — ordinary precipitating clouds and thunderstorms.
The results reveal that the distributions of the studied indices are significantly
different in the both sample$he critical values (thresholds) of the three insiibil
indices that may separate the studied cases into two groups (ordinary clouds and
thunderstorms) are established. The best discrimination between thunderstorms and
ordinary precipitating clouds is obtained using the threshold values of Lifted index.
The performed multiple discriminant analysis shows that the classification function
obtained by combination of instability indices does not improve the skill to predict the
occurrence of thunderstorms in comparison to the single use of Lifted index.

Key words: Instability indices, thunderstorms, discriminant analyses

Introduction

It is well known that standard weather prediction methods have a limited ability to
forecast severe weather events (tornado, hail, strong wind, thundersttrmespecially to
predict the location of their development. That is why several studies (Doswell et al.
(1996), Rasmussen et al. (1998), Craven et al. (2002), Markowski et al. (2002), Brooks et
al. (2003), Brooks et al. (2007), and Doswell et al. (2003)) focus on the determination of
critical values of various parameters “describing” the environmental conditions for severe
events. Furthermore, it is known that the established thresholds depend on geographical
regions, season, and climatic conditions.
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The aim of the present work is to explore if any of the three instability indices Li,

K and CAPE or combination of them can be used as an indicator of thunderstorms
development over eastern Bulgaria. The choice of the above parameters is based on the
previous studies which reported that Lifted Index (Galway, 1956) and K Index (George,
1960) predict the likelihood of thunderstorms. Vertically integrated measures of instability
such as the convective available potential energy, CAPE (Moncrieff and Miller, 1976),
provide a more detailed physical representation of the state of the atmosphere (Blanchard,
1998). Based on the analyses of thermodynamic and kinematic environmental
characteristics in Europe during the summer months it is concluded (Kaltenbock et al.,
2009) that CAPE has considerable skill to predict the occurrence of thunderstorms.

Data and Methodology

The environmental conditions of 98 days with precipitatoiguds developed in
the afternoon hourgver eastern Bulgaria from April to September 2006azwayzed The
proximity aerological sounding at 1200 UTC are used to calculate three instability indices
(CAPE, Lifted Index and K Index; Table 1) for the days when precipitation is detected in
eleven synoptic stations of the National Institute of Meteorology and Hydrology (NIMH),
located in eastern Bulgaria. Six of the stations are situated along the coast and the others
five are inland stations. The proximity soundings are obtained by downloading the data of
the numerical model GFS http://www.arl.noaa.gov/ready/cmet.html. Surface level
meteorological data (pressure, humidity, temperature and a maximum temperature for the
day), taken from http://www.ogimet.com/synops.phtml.en are utilized for processing the
data from the soundings.

Table 1. Summary of thermodynamic, kinematic parameters and skill scoresTlis¢dmperature

(°C), Tdis dewpoint temperaturéQ), 6 is potential temperature (Kj, is equivalent potential
temperature (K)g is the acceleration of gravity (rf)sz is height (m)LFC - the level of free
convectionEL - the equilibrium level of the parcd@lPsq,— temperature of a parcel after it has been
lifted pseudo-adiabatically to 500 hPa from its original lexelthe number of correctly classified
thunderstorms caseg; the number of incorrectly classified thunderstorms cageshe number of
incorrectly classified ordinary clouds cases. Subscripted numbers indicate constant pressure levels.

Parameter Code and units Equation
EL H—- 09
Convective Available CAPE=g | 5 4z
Potential Energy CAPE, J kg LFC Te
Lifted index Li, deg Li=Tgy— TPgy
K index K, deg K = (Tgso— Tsog) * Tasso— (T700— Taro9
X
Probability of detectiorl POD POD=
X+y
. W
False alarm ratio FAR FAR=
X+WwW

Bulgarian Geophysical Journal, 2012, Vol. 38 13
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All precipitating cases (373) were divided into twamples — ordinary (without
lightning) precipitating clouds (216) and thunderstorms (precipitation concurrent with
lightning) (157), according to synoptic reports in eastern Bulgaria. The ordinary
precipitating clouds (without lightning) and thunderstorms hereafter are denatediad
th respectively.

The descriptive statistics (mean, mode, median, etc.) for the three instability
indices (CAPE, Li, and K) are estimated. The statistical analyses (F- and t-test with
significance levelo=0.05) is performed to establish if there is a statisticignificant
difference between any of the instability indexes (CAPE, Li and K) in the both considered
samples - ordinary precipitating clouds,and thunderstorm#j.

The distributions of the CAPE, Li and K values in thieandth samples are
investigated.

The discriminant analyses (StatSoft, Inc., 2001) is carried out to establish if any of
the three instability indices Li, K and CAPE or combination of them is able to classify the
clouds as ordinary precipitating cloud or thunderstorm. The probability of detection (POD)
and false alarm ratio (FAR) are calculated (Donaldson et al., 1975) for the derived
classification functions (see Table 1). The critical values (thresholds) of the three instability
indices (CAPE, Li and K) that may separate the studied cases in two groups (ordinary
clouds and thunderstorms) are established.

Results

The results presented in Fig. 1 reveal that the frequency distribution of the CAPE
th values (black columns) is shifted towards larger values in comparison to the frequency
distribution of CAPEor (grey columns). The maximum percentage (mode) of CAPIE
less than 250 J Kg while the mode of CAPHh is approximatelly 1050 J Kg The results
also reviel that thunderstorms may developed at very low CAPE values (CAPE < 200 J kg
) however, their percentige is less than 3 %, while ~ 27 % of ordinary clouds develop at
CAPE < 200 J k.

The more detailed analysis of the frequency distribution shows that ~57 % of the
considered thunderstorms and ~18 % of ordinary precipitating clouds developed at CAPE
values in the interval for “moderate instability” (1000-2500 Jkgvhile most of the
ordinary clouds (80 %) developed at CAPE values in the interval for “marginal instability”
(0-1000 J kg). The above mentioned classification of the degree of instability is in
accordance with the study http://www.crh.noaa.gov/Imk/soo/docu/indices.php, performed
for the USA regions.

14 Bulgarian Geophysical Journal, 2012, Vol. 38
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Fig.1. Frequency distribution of CAPE values (in percentages) at the development of ordinary
precipitatingclouds (grey columns) and at the development of thnghalens (black columns)

Fig. 2 and Fig. 3 show the frequency distributions of Li and K values for the both
samples - ordinary cloudsy and thunderstormsh. It is seen (Fig. 2) that the frequency
distribution of the Lith values (black columns) is shifted towards lower (negative) values in
comparison to the frequency distribution ofdri(grey columns), while the percentages of
higher K values are larger at the development of thunderstorms in comparison to the
development of ordinary precipitating clouds. The detailed analysis of the frequency
distribution of Li indicates  that according to the classification
http://www.crh.noaa.gov/Imk/soo/docu/indices.php most of the thunderstorms (~53 %)
developed at “moderate instability” (-3 to -6 deg), 11 % at “strong instability” (Li < -9 deg)
and 33 % at “marginal instability” (-3 < Li < 0 deg). Most of the ordinary clouds (46 %)
developed at “marginal instability”, 19 % at “moderate instability” and only 2 % at strong
instability. It has to be mentioned that 33 % of the considered ordinary precipitating clouds
developed according to http://www.crh.noaa.gov/Imk/soo/docu/indices gthpstable
atmosphere (0 < Li < 3 deg) when “there is a week probability for convection if a strong
lifting is present”. The highest percentage (66 %) of K values at the development of
ordinary precipitating clouds are K < 30 deg, while ~64 % of thunderstorms developed at K
> 30 deg.

Bulgarian Geophysical Journal, 2012, Vol. 38 15
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Fig.2. Frequency distribution of Li values (in percentages) at the development of ordinary
precipitatingclouds (grey columns) and at the development of thngtalens (black columns)
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Fig.3. Frequency distribution of K values (in percentages) at the development of ordinary
precipitatingclouds (grey columns) and at the development of thngtalens (black columns)

The statistical analyses (t- and F-tests with a significance dex@®05) indicates
that the differences in the mean values of the three indices for thunderstorms and ordinary
precipitating clouds are statistically significant. The Box and Whiskers plots for CAPE
(Fig.4a), Li (Fig.4b) and K (Fig.4c) illustrate that there is a well pronounced difference
between their corresponding mean values at the development of thunderttoams,at
the development of ordinary precipitating clouds, The results reveal that thunderstorms
over eastern Bulgaria developed at significantly higher mean values of CAPE and K and
significantly lower mean values of Li, compared to the corresponding mean values at the
development of ordinary thunderstorms.
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Fig.4. Box and Whiskers plot of a) CAPE , b) Lifted index, Li and ¢) K values for ordinary
precipitating cloudsr and thunderstornth.¢Mean+SE+1.96*SE

Table 2 Threshold values of instability indicdéasr the type of clouds, percentage of correctly
determined cases - thunderstorm th or ordinary or, and skill scores POD and FAR

Correct classification 9
Index Threshold all th or | POD | FAR
CAPE, J kg 903 729 | 675| 76.9|0.68 |0.32
Li, deg -2.3 739| 80.3| 69.4/ 080 |0.34
K, deg 29 63 67.5| 59.7|0.68 | 0.45

The threshold values of CAPE, Li and K at the development of thunderstorms over
eastern Bulgaria derived by general discriminant analysis (StatSoft, 20@1), the
percentage of correctly classified casesftbr) and calculated skill scores are preserited
Table 2. The results show that when thunderstorms dexctoper eastern Bulgaria 67.5%
of CAPE and K values are higher than the established threshold (903ahkd@9 deg
respectively) and at the development of ordinary clouds 76.9 % of CAPE values and 59.7 %
of K values are lower than the established thresholds. The best results are obtained using
the threshold values of Lifted index. At Li < -2.3 deg - 73.9 % of the cases are correctly
discriminate in accordance to the type of clouds (ordinary precipitating or thunderstorms).
This threshold is very close to the reported (KurQ72 Li threshold for thunderstorm
development over Southwest Germaiiie calculated skill scores (POD, FAR) given in
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Table 2 reveal that only Lifted index, Li has appreaiely a good forecasting ability (POD
= 0.8 and FAR = 0.34) for occurrence of thunderstorms in eastern Bulgaria.

In an attempt to obtain better discrimination between the ordinary precipitating
clouds and thunderstorms the multiple discriminant analyses (StatSoft, Inc., 2001) with
various combination of the instability indices are carried out (Tablat3j(th,or) > 0 the
ca® is classified as thunderstorm; at F(th®1) the case is classified as ordinary cloud.
The percentage of correctly classified cases in accordance to the type of the mlauds (
th), the POD and FAR values indicate that the combination of instability indices does not
improve the classification ability of the derived function in comparison to the single use of
Lifted index.

Table 3. Classification functions F(th,or) for the type of clouds, and the percentage of correctly
classified cases - thunderstorm th or ordinary or, using combination of instability indices and skill
scores POD and FAR

Correct classification
%

Index Function all th or POD | FAR
F(th,or) = 0.0004 CAPE —

CAPE, Li, K | 0.2988 Li + 0.0167 K — 743 | 77.1|72.2 | 0.77 0.33
1.4965
F(th,or) =—-0.3184 Li +

CAPE, Li 0.0003 CAPE - 1.0314 743 | 77.7 | 71.6 | 0.78 0.33
F(th,or) = 0.0013 CAPE +

CAPE, K 0.0631 K—-3.0172 73.2 | 70.7 | 75.0 | 0.71 0.33
F(th,or) =—-0.3742 Li +

Li, K 0.0127 K —-1.2220 73.7 | 78.3 | 70.4 | 0.78 0.34

Conclusion

Three instability indices - CAPE, Lifted Index and K Index, were calculated using
environmental conditions of 98 days with precipitation over eastern Bulgaria from April to
September 2006. For the analyses the cases were divided into two samples — ordinary
precipitating clouds and thunderstorniBhe statistical analyses (F— and t-test) were
performed to check if there is a significant difference between CAPE, Li and K values at
the development of ordinary precipitating clouds and thunderstorms over eastern Bulgaria.
Discriminant analyses were carried out to obtained classification functions and threshold
values of the considered indices that are able to discriminate thunderstorms from ordinary
precipitating clouds. The main results are:

. The frequency distributions of the considered indices (CAPE, K and
absolute values of Li) at the development of thunderstorms are shifted towards larger values
in comparison to the frequency distributions at the development of ordinary precipitating
clouds in eastern Bulgaria;
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. The higher probability of detection of thunderstorms (POD = 0.8) has
Lifted index. The established critical Li values (Li = -2.3 deg) are able to discriminate
correctly ~74 % of cases in accordance to the type of the considered clouds;

. The combination of instability indices does not improve the classification
ability of the derived function in comparison to the single use of Lifted index.

In an attempt to search classification functions (threshold values) with higher
probability of detection of thunderstorms it is worth to consider separately the inland and
coastal cloud cases developed over eastern Bulgaria, using larger number of precipitating
cases.
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HHjaexcn HAa HEYCTOHYMBOCT KATO HHANKATOPH HA TPBMOTEBHYHHU 001auu B M3TouHa
Bbirapusi — npeiBapuTeIHA Pe3yJITaTH

b. Mapkoga, P. Muresa

Pestome.  PaGorara ¢ HacoueHa KbM YCTAaHOBSBAHE, Jajll HAKOM WHACKCH Ha
HEYCTOIYMBOCT MOTaT [a C¢ H3MOJI3BaT KAaTO WHIUKATOPH 32 TPBMOTEBHYHH OOJAIH.
[pecmetHatH ca Tpu uHAekca Ha HeyctoiunBocT (CAPE, Lifted Index and K Indexkaro
Ce W3MON3BAT NPH3EMHU JAaHHH U OT aNpOKCHMHPaHH COHAAXH 3a 98 mHM C Basexw,
perucTpupan B 11 cHHONTHYHHU CTaHIMH B M3TouHa Bwirapus 3a mepuoia ampuin —
centemBpu 2006T. 3a CTAaTUCTHYESCKU aHATM3 CIy4auTe ca Pa3eieHd Ha IBE M3BAIKHU —
OOHMKHOBCHH IBXKIOBHH OONlalld M TPBMOTEBUYHHM oOnanu. Pe3ynrature mokasBaT, d4e
pasmpeAeieHHeT0 Ha CTOWHOCTHTE HAa MPECMETHATHTE WHIACKCH Ca CHUICCTBECHO PA3IUYHH
3a JBETE M3BAJIKU. YCTAHOBCHU Ca KPUTHYHHM CTOWHOCTH (MparoBe) Ha TPUTE MHACKCA Ha
HEYCTOIYMBOCT, KOMTO MOTaT Ja pa3[eisiT  HM3MO0J3BaHHTE CIy4al Ha JBE TPYIH
(0OMKHOBEHH IBXIAOBHH 00NalyM W rPbMOTeBHYHH oOmaim). Haii-mobpo kiacupunmpane
KaTO TPPMOTEBHYHU WM OOMKHOBEHUTE IBXKIOBHH OONAIM CE MOJydYaBa MPH H3ION3BaHEe
Ha KpuTHuyHara ctoiiHoct 3a Lifted index. C momomura Ha AMCKpUMHHAHTEH aHAJH3 ©
noyiy4yeHa KiacupUKanuoHHa QyHKIMsA, KOMOMHALMS OT TPUTE HHICKCA HA HEYCTOMYHUBOCT
(CAPE, Lifted Index and K Index)kosito moxe aa ce W3MON3Ba KATO MHAUKATOP Ha
rPBMOTEBUYHK 00Jianu. Pesynaratu mokasear, ye (yHKUHMSTA MOJIyYeHA OT KOMOWHAIMATA
Ha TPUTE UHJCKCA HA HEYCTONYMBOCT HE pa3zelisi ABETE U3BAIKH MO-100pe OT QyHKIHATA,
noJTydeHa Py H3MoJI3BaHe caMo Ha cToifHocTHTe Ha Lifted index.
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Abstract. Aerosols and clouds are of central importance for global climate,
atmospheric chemistry and physics, ecosystems and public health. In order to better
understand effects on the environment, knowledge of their vertical structure, including
parameters such as the thickness, location, top and bottom height, is necessary. In this
work we present several examples of lidar monitoring of clouds and aerosols layers
which are chosen from the measurements performed in the period 2006-2012. The
investigations are carried out with an aerosol lidar, equipped with Nd:YAG laser at
wavelengths 532 nm and 1064 nm. Lidar is located in the Institute of Electronics of
Bulgarian Academy of Sciences. Experimental data are presented in terms of vertical
backscatter coefficient profiles and color maps of the atmospheric field stratification
evolution. The results of our atmospheric studies have demonstrated that clouds could
be formed with widely differing thicknesses (in the interval 0.5-5 km) and could exist
at various heights (2-16 km) in the troposphere up to the tropopause. Some
experiments illustrate simultaneously detection of clouds and Saharan dust layers.
Also, here we include results of lidar detection of anthropogenic aerosol load over
Sofia city. We employed HYSPLIT (HYbrid Single-Particle Lagrangian Integrated
Trajectory) backward trajectories and DREAM (Dust REgional Atmospheric Model)
forecasts to make conclusions about atmospheric aerosol's origin. Depicted
measurements are extracted from regular lidar investigations of the atmosphere within
the framework of the European Aerosol Research Lidar Network (EARLINET).

Key words: lidar, aerosols, clouds, Saharan dust, troposphere.

Introduction

The atmosphere is a complex system with many components interacting through a
large number of processes on a wide range of scales. Aerosols and clouds participate in
determining the Earth’s radiative budget, climate and weather (J.E. Penner et al., 2001,
Guibert, S. et al., 2005; Solomon, S. et al., 2007). The changes in the energy fluxes of solar
radiation (maximum intensity in the visible spectral region) and terrestrial radiation
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(maximum intensity in the infrared spectral region) in the atmosphere induced by changes
of atmospheric compositions and/or surface properties are referred to as “radiative/climate
forcing”.

Aerosols are liquid or solid particles suspended in the air. They come from a
variety of natural and human processes. On a global basis, the bulk of aerosols originate
from natural sources, mainly sea salt, dust, volcanoes and wildfires. Desert dust particles
represent a large fraction (of the order of 30-50%) (Gian Paolo Gobbi et al., 2000) of the
naturally occurring tropospheric aerosols and the scientific community has made great
efforts to document and understand the interactions of mineral aerosols (dust) with
environment. The Saharan desert is the largest source of dust and produces more aeolian
mineral particles than any other world desert (Prospero M. Joseph, 1999; VukrHildvi
et al., 2004; Perez L. et al., 2008). At present the quantity of anthropogenic emissions in the
atmosphere increases because of rapid growth of the industry, transport, processes of
urbanization, etc. Human-produced particles can be dominant form of aerosol in highly
populated and industrialized regions, and in areas of intense agricultural burning. Urban
aerosols have been identified as important species of concern due to their potential health
and environmental impacts (U. Pdschl, 2005; d &&i et al., 2006; Atanaska Deleva et al.,
2010). Key parameters for determining the impacts of aerosols to climate forcing and
ecological state of the environment are their optical parameters (extinction and backscatter
coefficients), as well as their spatial distribution. Aerosol effects on climate are generally
classified as direct or indirect with respect to radiative forcing of the climate system. The
direct aerosol impact is caused by scattering or absorbing sunlight, and absorbing and
emitting some terrestrial infrared radiation. The indirect effect is provoked by the aerosol
capability to act as cloud condensation nuclei. Also, aerosols alter warm, ice and mixed-
phase cloud formation processes by increasing droplet number concentrations and ice
particle concentrations. In this manner, aerosols influence cloud cover, cloud optical
properties and lifetime (Natalie M. Mahowald, 2003). The effect of aerosols on the
radiative properties of Earth's cloud cover is defined as indirect effect of aerosols, or
indirect climate forcing.

Clouds are groups of tiny water droplets or ice crystals in the air and are formed
by different processes. They can come in all sizes and shapes, and can form near the ground
or high in the troposphere. Clouds contribute differently to short-wave and long-wave
radiation depending on their type, altitude, thickness, structure, particle size, etc. On the one
hand, they act like greenhouse gases, absorbing infra-red thermal radiation from the Earth
and trapping the heat in the lower atmosphere. On the other hand, they reflect incoming
solar radiation back into space (albedo effect), effectively cooling the planet. The
information with respect to cloud vertical distribution is required because light scattering
and absorption are altitude dependent, as are cloud properties (Ulrike Lohmann et al., 1995;
S. Veerabuthiran, 2004; L. L. Pan et al., 2011). For example, the greenhouse effect is weak
for low altitude clouds, so their albedo effect dominates. In contrast, cold high altitude
clouds (Cirrus clouds) may either cool or warm the climate depending of their geometrical
characteristics and location. These two opposing effects are an important difference
between Cirrus clouds and other hydrometeor layers in the atmosphere. Most frequently
Cirrus clouds are thin and wispy. They are presented at all latitudes and are formed in the
upper levels of the troposphere at heights greater than 6 km. Cirrus clouds are composed
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predominately or wholly of ice non-spherical crystals, reflecting the extreme cold, and they
can take a variety of shapes and thickness. As a general rule, Cirrus clouds are thin enough
to be transparent or very close to it because humidity is low at such high altitudes.

Low-altitude clouds play an important role in global climate forcing, weather, and
precipitation. In particular, low clouds often have large liquid water part and are involved in
interactions with anthropogenic aerosols in the planetary boundary layer. Therefore, it is a
significant challenge to accurately measure their optical and geometrical properties in order
to assimilate them into global climate model. Unfortunately, for satellite sensors with
visible and near-infrared channels, measurement of low and optically thin clouds from
space is very difficult due to their partial transparency, land surface emission, and fact that
they are relatively warm. On the other hand, lidars (LIDAR-LIght Detection And Ranging)
are an excellent way to obtain high-resolution aerosol or cloud data to complement satellite
data. They are increasingly used because the investigated atmospheric parameters could be
retrieved with high spatial and temporal resolution. Lidar measurements can elucidate the
aerosol concentration, optical depth, cloud position and thickness which are important for a
better understanding of the Earth-radiation budget and climate. The largest active aerosol
research project in Europe EARLINET (European Aerosol Research Lidar Network) can
provide an important contribution in the aerosol study. It is founded as a coordinated
network of lidar stations that uses advanced methods for vertical profiling of the
atmosphere. EARLINET was the first very important step in our continent to unite the lidar
groups with the main goal of establishing a quantitative comprehensive statistical data base
of both horizontal and vertical aerosol distribution on a continental scale. Additional more
specific measurements (on Saharan dust, volcanic ash, forest fire) are also included in the
project work program (Papayannis A. et al., 2008). Bulgarian lidar station at Sofia was
involved in systematic investigations on a regular base of three measurements per week
according to the schedule of the EARLINET project (EARLINET :http://www.earlinet.org).

In this work, we present results of laser remote detection of aerosol layers and
clouds in the troposphere over Sofia. Some experimental examples illustrate observations
of clouds during Saharan dust transport. We should emphasize that the results reported here
not only illustrate the exceptional opportunities offered by lidars concerning sounding of
the atmosphere, but also the good technical capabilities of our lidar system, which permits
us to observe the whole troposphere with high spatial and temporal resolution.

Technical equipment and data processing

The results presented here are based on measurements with an elastic backscatter
Nd:YAG lidar. It is described in details elsewhere (Atanaska D. Deleva et al., 2008; A.
Deleva et al., 2010), and for that reason only brief description of its set-up is given below.
Lidar system is configured in a mono-static biaxial alignment pointing at angle 32° with
respect to the horizon, as determined by its disposition in the lab. Therefore despite signals
from as far as 30 km distance are recorded the maximum sounding height is limited to
16.4 km above ground level. A solid-state Q-switched frequency-doubled Nd:YAG laser
(pulse energy: up to 600 mJ at 1064 nm, 80 mJ at 532 nm; pulse duration 15 ns FWHM,
laser-beam divergence 3 mrad, fixed repetition rate 2 Hz) is utilized as a light source. Laser
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radiation backscattered by the atmosphere is received by a Cassegrain telescope (aperture:
35 cm; focal distance: 200 cm). The output beam from the telescope is passed to the
spectrum analyzer for separation of the incoming optical signals. Data acquisition system
includes hardware and software components. The hardware have been designed as an
integrated photo-receiver modules consisting of photo-receiving sensor, controlled photo-
receiver power supply, amplifier, 14-bit analog-to-digital converter (ADC), and USB-
interface for computer connection. The data acquisition software contains two main
programs. The first one is designed for real-time control of the lidar system during
measurements. Received signals are digitized every 100 ns with an ADC, resulting in a
15 m range resolution (about 7.5 m altitude resolution). Thus, the lidar measures the
temporal evolution of atmospheric aerosol backscatter with high time and range resolution.
The second main program is a package providing the calculation of the atmospheric
backscatter coefficient and determination of the error in the estimates. The well known
Klett-Fernald-Sasano inversion algorithm is used in these retrievals (J. D. Klet, 1981; F. G.
Fernald, 1984; Ya Sasano et al., 1985). The Nd:YAG lidar entered on operation in the
beginning of 2006, equipped with only one spectral channel at wavelength 532 nm. At that
time the lidar was included in the EARLINET network and we started to perform regular
lidar measurements with accord to the project schedule. In 2008 was put into operation the
second spectral channel for registration of lidar signals with wavelength 1064 nm and thus
we were able to perform atmospheric monitoring with the first and second harmonic of the
laser radiation. The decision to use one or two laser wavelengths depends on the working
condition of the system and the weather. The daily investigations in sunny weather are
performed with the first harmonic (1064 nm) most often because the background of the
received signal is lower and there is no risk of saturation of the photo-receiver. Thus,
presented here backscatter coefficient profiles from 2006 till now are obtained by single- or
double wavelength monitoring of the atmosphere.

Lidar observations and comments

Lidar measurements described below are obtained within the frame of the
EARLINET. A large database is created accumulating the aerosol backscatter profiles until
now. The calculated data are uploaded on the common EARLINET-server in Germany.
During EARLINET project, DREAM (Dust REgional Atmospheric Model) is used to make
conclusions about the type and the origin of the aerosol layers, observed by the lidar
(DREAM:http://www.bsc.es/projects/earthscience/DREAM). DREAM-weather forecast
maps elaborated by Barcelona Supercomputing Center (BSC) give an image of the wind
direction and speed, position of clouds and magnitude of dust load in the atmosphere above
North Africa and Europe. In this paper, the location of Bulgaria on the DREAM-maps is
indicated by a black circleHYSPLIT (HYbrid Single-Particle Lagrangianlntegrated
Trajectory) model provides additional information about the origin of the detected aerosol
layers (Draxler R. et al.,, 2003; Rolph G., 2011). It represents a complete system for
computing simple air parcel trajectories to complex dispersion and deposition simulations.
The calculations of backward air mass trajectories give a plot of the road that the air mass
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traversed for a chosen time period before to arrive to the location of lidar observations.
Both DREAM and HYSPLIT models are freely available on the Web.

We analyze the results of the lidar atmospheric sounding calculating vertical
backscatter coefficient profiles and compiling time evolution maps of these profiles or
maps of the range-corrected measurement signals (RCS). Since the magnitude of the
atmospheric backscatter coefficient value is proportional to the aerosol density, the changes
of the calculated profiles in time and space illustrate the temporal evolution and the
stratification of the aerosol fields or clouds over the lidar station. RCS is produced by
subtracting the estimated background noise from the raw lidar signal and multiplying by the
square of the distance to the backscattering atmospheric sample. We present here the results
mainly in terms of vertical atmospheric backscatter profiles (x-axis represents the value of
the calculated atmospheric backscatter coefficient; y-axis — the altitude above sea level,
ASL). The measurement date and laser sounding wavelength are written over the lidar
profile plot. Also, in this work we conventionally call the clouds observed “low” and
-high” depending on their location in the troposphere. The first group comprises clouds
situated roughly up to 6 km, the second one - clouds above 6 km.

Figure 1 shows the results of simultaneous lidar observations of the Saharan dust
load and low clouds. This is expected because aerosol particles can act as cloud
condensation nuclei that form clouds (Sassen, K. et all.,, 2003). The measurements are
performed on 31 March 2009 and 3 October 2012. Experimental examples described below
illustrate Saharan dust transport over Sofia in early spring and in the beginning of the
autumn. Saharan dust outbreaks over the eastern Mediterranean, including the Balkans,
occur predominantly during spring and early summer, but autumn can also be considered a
period with Saharan incursion&s a partner of EARLINET we participate in the Saharan-
dust-transport network activities (A. Deleva, 2010).

The measurement on 31 March 2009 was performed in the morning (7:51-9:47
UTC, universal time coordinate). For this day DREAM-model (Fig.1 c) forecasted strong
Saharan dust load over Mediterranean Sea and Central Europe, including Bulgaria. The
lidar profile (Fig.1 a) outlines the registered cloud with center of mass at 5.8 km (cloud’s
base and top 5.5 km and 6.5 km, respectively) and the aerosol layer just below it in the
range 3.5-5.5 km with center of mass at about 4.5 km. Besides that it is visible that the
atmosphere was aerosol loaded also below 3.5 km as below that altitude the concentration
of particles gradually increases. For the period of the measurement we found HYSPLIT
backward trajectories (for 100 hrs duration) in the altitude range 1.5-6 km, which pass over
Northern Africa/Sahara desert and across the highly-dusted space over Mediterranean Sea
before the end point above Sofia. This is a reason to suppose that the air masses in the range
1.5-6 km were transported desert aerosols from Africa. As before mentioned, HYSPLIT
backward trajectories show how the air masses had moved for chosen period of time (here
100 hours) before they arrive over the lidar station on particular altitude (here the range 1.5-
6 km). In Fig.1b we include three of the calculated air mass trajectories, two of which (4.5
km and 5.8 km) coincide with the abovementioned mass centers of the detected layer and
cloud. The third trajectory (2 km) is in the range 2-3.5 km, where we most often register
Saharan dust layers above PBL (planetary boundary layer). The high-altitude trajectory
originated from above the Atlantic Ocean, passed over Sahara and, as seen in Fig.1b, has
kept the direction of their motion semi-constant until reaching Sofia. Probably, these
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quickly moving air streams brought humidity from above the Atlantic, which we observed
as a cloud. The lower trajectories display that the air masses at altitudes 4.5 km and 2 km
have been moving, accordingly very close above Sahara’s surface and Libyan dessert some
days before. It is certain that they have been transporting a large amount of African desert
dust. Based of the two models’ forecast, we draw the conclusion that the aerosols registered
by us in the range 3.5-5.5 km were of Saharan origin. Additionally the image of the
trajectory on 2 km altitude supports our opinion that the air under that layer contained not
only anthropogenic aerosols typical for PBL over city, but also long-distance transported
particles from Africa.
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Fig.1l. Lidar observations of Saharan dust and clouds: a), d) — retrieved atmospheric backscatter
coefficient profiles; b), €) — HYSPLIT model backward trajectories and c), f) —- DREAM forecast
maps showing Saharan dust transport over Bulgaria (Sofia) on 31 March 2009 and 3 October 2012.

On 3 October 2012 we also registered loud during Saharan dust incursion

(Fig.1 d, e, and f). The investigation started at 7:37 UTC and ended at 8:52 UTC. We
registered a thin cloud with a mass center at about 3.8 km and an aerosol load over Sofia
reaching 4.5 km (Fig.1. d). It is interesting to comment on the DREAM-model forecast for
the time of the measurement (Fig.1 f). According to this forecast, a narrow plume of
Saharan dust would be raised, be directed towards Europe and reach the northern parts of
the continent. The dust should spread over Bulgaria’'s western parts, where Sofia is located.
For the period of the measurement we calculate HYSPLIT air mass backward trajectories
(for 140 hrs duration) in the altitude range 1.5-5 km. We should note in advance here that
the analysis of the corresponding HYSPLIT maps revealed that the movement of the air
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flows in the range 3-5 km and of those in the lower atmosphere up to 2.7 km differ
substantially. The difference is in the fact that the air masses in the shown higher range
have moved over Sahara, as the ones in the lower parts of the atmosphere the air flows were
kept and moved in closer to Bulgaria regions. Besides that in accordance with the DREAM
forecast the atmosphere over the most part of these regions was not loaded with Saharan
dust. The described till now is illustrated with the HYSPLIT map in Fig.1le where we
include three backward trajectories, which are located at altitude 2.6 km, 3 km and 3.8 km.
The black-and-white image makes hard distinguishing the trajectories in altitude, so we will
clarify it in more detail. The trajectory which starts over the Atlantic ocean and moves over
Sahara shows the movement of the air masses which during the investigation were over the
lidar station on height 3.8 km. They transported humidity and desert dust which most
probably have participated in the creation of the registered cloud over the lidar station. The
movement of the which during the investigation are on 3 km over Sofia is shown with the
trajectory which starts from Sahara. On the lower part of HYSPLIT-map is visible that
these air flows were moving close over the Sahara and Mediterranean surface. That led us
to the conclusion that the upper part (3-4.5 km) of the observed aerosol layer contains
substantial amount of Saharan dust. Totally opposite is our conclusion for the origin of the
aerosols in the atmosphere up to 2.7 km altitude. As before mentioned the analysis of the
HYSPLIT trajectories showed that the lower air flows were moving close to or directly
above Earth surface in regions close to Bulgaria (HYSPLIT map shows the trajectory at 2.6
km). That's why above all the low air streams were carrying anthropogenic aerosols and
ones emitted by the Earth surface. The described up to now we can summarize as follows.
On 3 October 2006 we have registered an aerosol load of the atmosphere above Sofia which
extended up to 4.5 km height. In the region 3-4.5 km the aerosols had Saharan origin while
at lower levels prevailed anthropogenic and ground-emitted aerosols. The measurement
described here is interesting because we have registered Saharan dust event in the autumn,
which is possible, but rare. However that incursion could be expected because the weather
in the beginning of October 2012 was unusually warm for the season (at places with
temperatures above 0° The reason for those summer temperatures was the penetration
of hot air masses from Africa in Europe. On the basis of the lidar results we could conclude
that the air currents from South have transported considerable amount of aerosols from the
Sahara desert.

On Fig.2.(a-c) we show some more examples of lidar observation of low clouds,
situated on different height and with different stratification.
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Safia, 26 March 2009, wavelenth 1064 nm
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d

Fig.2. Lidar observations of low clouds: a), b), c) - retrieved atmospheric backscatter coefficient
profiles; d) - RCS-color map of the spatial distribution of cloud field over Sofia on 26 March 2009.

Figure 3 presents the results of several measurements of Cirrus clouds, located

above 6 km.
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Fig.3. Lidar observations of high altitude Cirrus clouds.

We conventionally call the Cirrus clouds lidar detected “thin, typical and thick”
depending on their geometric thickness (the difference between the cloud’s top and base).
The first group comprises high clouds with thickness up to 0.5 km, the second, with
thickness 1-2 km, and the third, more than 3 km. Following our proper data set of Cirrus
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cloud observations from 2006 till now, we could make a rough estimate concerning
registration frequency of different types of high altitude clouds, as follows. In most of the
lidar observations we have observed typical Cirrus clouds with thickness 1-2 km situated
within the range of heights 9-13 km (Fig.3 a, b). We registered thin clouds at various
heights (Fig.3 b, ¢, d) very rarely. Thick clouds (Fig.3 e, f) exist in the atmosphere
predominantly in the cold winter months. The base and top of the Cirrus clouds observed
cover a large altitude range (5-16 km) in the upper troposphere.

Figure.4 illustrates simultaneous lidar observations of clouds situated in the large
altitude range (4-13 km). The measurement was performed over the lidar station on 6 April
20009.

Sofia, & April 2003, wavelength 1064 nm

Alitude ASL km

20:08 20:28 20:48 2110

Time LTC, hh:mm

19.23 19:48

Fig.4. RCS-map of the cloud field stratification measured on 6 April 2009.

In Fig.5 we present the results of several lidar measurements performed on no-
Saharan-dust-affected days. The retrieved lidar profiles from the observations carried out
on 6 July 2006, 23 June 2011, and 16 September 2011 display we detected aerosol layers
extended to 3.5 km and 5.5 km heights.

Altitude ASL,km

4

©w

N

6 July 2006

532 nm

Altitude ASL,km

4+

w

)

23 June 2011

1064 nm

Altitude ASL,km

=
\

o

~

w

IN)

0

16 September 2011

1064 nm

0
0,0

50x107 1,0x10° 15x10° 2,0x10°
Backscatter coefficient [m™.sr"]

0
0,0

50x107 1,0x10° 15x10° 2,0x10°
Backscatter coefficient [m™.sr”|

0,0

50x107 1,0x10° 1,5x10° 2,0x10°
Backscatter coefficient [m™.sr]

Fig.5. Retrieved atmospheric backscatter coefficient profiles showing considerable aerosol loading
over Sofia on no-Saharan dust affected days.

DREAM forecasts (Fig.6) for the days of lidar monitoring show an atmosphere
free of desert dust over Balkans.
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Fig.6. Forecast maps of Saharan dust load in the atmosphere, provided by Barcelona Supercomputer
Center (BSC) for the days of lidar measurements: a). 6 July 6 2006; b). 23 June 2011; c). 16
September 2011.

The HYSPLIT trajectories (Fig.7) for the particulate measurements are calculated
for 40 hrs duration. Their heights are chosen according to the lidar profile delineations.
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Fig.7. Backward air mass trajectories, calculated using HYSPLIT model: a). 6 July 6 2006; b). 23
June 2011; c). 16 September 2011. They show the origin and the way of air mass three days before
arrival over the lidar site.

HYSPLIT trajectories reveal that shortly before its arrival above Sofia, the air
masses on altitude 1.5 km (Fig.7 a, b) and 4 km (Fig.7 ¢) were moving just above the
ground of the continental regions close to Bulgaria. Thus they were transporting
considerable amounts of continental and anthropogenic aerosols, which are characteristic
for the low troposphere above more densely populated regions. It's worth notice the
trajectory on 5 km, calculated on 16 September 2011 (Fig.7 c). Its beginning is somewhere
above the Mediterranean and moves almost horizontally to its end above Sofia. That gives a
reason to conclude that the air in the higher part of the registered layer (3-5 km) where we
registered strong backscattered signals was with higher humidity and contained small
watered aerosol particles. All other trajectories calculated for the three measurement days
have beginning over the continent and HYSPLIT backward trajectories show that the air
masses at their heights pass over continental regions where atmosphere was not loaded with
Saharan dust. Therefore we conclude that in the days of the described measurements the air
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above Sofia up to height of 3.5 km and 5 km contained substantial amount of anthropogenic
aerosol.

Conclusions

The results presented in this paper are derived from a long term remote sensing
monitoring of the atmosphere above Sofia performed with Nd:YAG lidar. The experimental
examples described here emphasize on the detection of clouds and aerosol layers because
aerosols, clouds and aerosol-cloud interactions are recognized as the key factors influencing
the Earth’s radiative budget and the ecological state of the environmental. The analysis of
our results from 2006 till now shows that clouds could be formed with widely differing
thicknesses (in the interval 0.5-5 km) and could exist at various heights (2-16 km) in the
troposphere up to the tropopause. Some experiments illustrate detection of clouds during
Saharan dust transport over the lidar station. Also, here we include results of lidar
observation of aerosol loading over our city up to 4-5 km heights on no-Saharan dust
affected days. As neither other source of aerosols, nor dust transport from Sahara over the
Balkans was forecasted for the days of lidar investigations, our conclusion was that the
anthropogenic aerosols of human activities and traffic in town caused the observed aerosol
stratification.
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JIngapeH MOHNTOPHHT Ha 00J1all U 2ePO30JIHH CJI0EBe

A. llenesa

Pe3tome.  AepozonuTte M oOnamMTe CHIHO BIMAAT BBPXY INIOOANHMS KIUMAT W
€KOJIOTUYHOTO CBCTOSIHHE Ha OKOJIHaTa cpela. 1oBa 3aBHCH MPEAM BCHYKO OT
JOKaJM3alMATa UM, OT TEXHUTE TeOMeTpUYHM (mebenmnHa) W onTWuHH (pasceliBaHe,
HOTTbIIaHe) TapaMeTp. B Ta3u paborta ommcBame pe3yiTaTd OT Jla3epeH MUCTAHIMOHCH
MOHHUTOPHHT Ha 00J1ay U aepo3oiHu cioeBe Hax Codus, KOUTO ca JacT OT 0azaTa-JaHHU
OT CHCTEMaTH4HU H3CJeIBaHUs Ha armocdepara, u3Bbpmienn ot 2006 mo 2012-..
Uscnenpanusata ca HampaBeHn ¢ Nd:YAG-aepo3oseH iumap ¢ AB/DKHHH Ha BbIIHATA
532 nmu 1064 nm.JIunapsr e pasmnosioxkeH B naboparopus ,JlazepHa noxauus” Ha
Wucturyra mo  enexTpoHuka, bamrapckara  Axagemus Ha  Haykurte. Tyk
EKCIIEPUMEHTATHUTE JIAaHHM Ca TPEJICTABEHW KaTO W3YHCICHH BEPTUKAIHH NMPOQIIN Ha
KoeuMeHTa Ha OOpaTHO pa3celiBaHE W LBETHM KapTH Ha BHCOYMHHO-BpEMEBaTa
CBOJIIOLIMS HA PETUCTPUPAHUTE aepO30JIHHU IT0JIeTa B aTMocdepara. PesynaraTure oT Hamure
JTUJapHA HaOJIOJEHUS MOKa3BaT, ye o0januTe MoraT Ja MMaT CHJIHO pasjiudaBallud ce
nebenuun (B uHTepBana 0.5-5 km)u Morart ma chIecTBYBaT Ha pasiMYHUA BHCOYMHH (2-
16 km) B TpomocdepaTa yak g0 Tpomomay3ata. HsKoum OT OpUMEpHTE HIIOCTPHPAT
€/IHOBPEMECHHA PETUCTpalysi Ha O0Janmd M aepo30JIHU CJOEBE, ChIAbPXKALIM IIpax oOT
nyctuHsata Caxapa. CpIno Taka B Ta3u paboOTa CMe BKIIIOUWIM PE3YJTaTH OT JHIapeH
MOHHUTOPHHI Ha AHTPOIIOTCHHM aepo3oiu BBB Bb3ayxa Hax Codwus. Ilpum anammsa Ha
CKCIICPUMCHTAJIHUTE JaHHH HHE CcMe wm3monsBamu mporHosure Ha HYSPLIT (HYbrid
Single-Particle Lagrangian Integrated Trajectory)REAM (Dust REgional Atmospheric
Model) mozenure 3a qHUTE Ha U3MEpPBaHWsITA, 3a Ja HATNPABUM H3BOAM 3a MPOM3XOpa Ha
peruCTpUpaHuTe aepo30JI BbB Bb3ayxa. ONMUcaHUTe U3MEPBAHUS Ca YacT OT PeryJsipHUTE
u3cieaBaHus Ha atMocdepaTa, kouto ce m3pbpiiBatr ¢ Nd:YAG-nuaapa B H3MbIHCHUE Ha
paboTHaTa porpama Ha eBporeiickus aepo3oiieH uzcienosarencku npoer EARLINET.
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Abstract. A map of epicentres of 1836 earthquakes that occurred during 2011 in the
Balkan Peninsula (sector outlined by latitude3¥’- 47°N and longitude\=19-30°E)

is presented. Expert generalized analysis of the seismicity over the territory of
Bulgaria and its very adjacent lands (with more then 1200 localized events) is
proposed. Catalog of earthquakes with magnitude M>2.5 is applied.

Key words. Balkan Peninsula, Bulgaria, seismicity

The present scientific communication contains generalized information on the
results of collection, processing and analysis of the data about the seismic events recorded
by the National Operative Telemetric System for Seismological Information (NOTSSI) in
2011. The expanded information about the realized seismicity is suggested as a natural
generalization and supplementation of the monthly compilations of the preliminary
seismological bulletin of NOTSSI. The analysis and evaluation of the space, time and
energy distribution of the seismicity, periodically been made, open up possibilities for
searching for time correlations with the parameters of different geophysical fields aiming to
find out eventual precursor anomalies.

The recording and space localization of the seismic events in NOTSSI during 2011
is realized by means of the new digital network (Solakov et al., 2005). The routine
processing and acquisition of the initial data is organized in a real time duty regime. The
operations are fulfilled by the authors of this communication. In such a way the main goal
of NOTSSI, namely the seismicity monitoring in order to help the authorities’ and social
reaction in case of earthquakes felt on the territory of the country, is realized. The
computing procedure for determining the parameters of the seismic events is an adaptation
of the widespread product HYPO'71 (Solakov , 1993). The energy parameters of the events
are presented mainly by the magnitude M calculated according to the record’s duration by
the formula (Christoskov and Samardjieva, 1983)
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M = 1.92 + 2.72l0g70.026A

The focal mechanism parameters are obtained by means of a program FOCMEC
(Snoke,2009). The high sensitivity of the seismographs allows recording and processing of
a great number of long distance earthquakes. As a result of the achieved experience in the
authors interpretation work, different magnitude’s lower threshold for successful
determination of local, regional and long distance earthquakes is established: M=1.5 for the
territory of Bulgaria, M=3.0 for the central part of the Balkans, M=5.0 for long distance
events. The precision of the epicenter’'s determination is different; except on the distance it
depends also on the specific position of the epicenter in relation to the recording network.
The parameters of seismic events occurring at a distance more than 100-150 km outside the
territory of Bulgaria should be accepted only informatively and cannot be used for
responsible seismotectonic investigation.
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Fig.1. Map of epicenters in Central Balkans during 2011.

For the period of observations presented in this communication, the primary data
about 2000 local, regional, distant earthquakes and industrial explosions on the territory of
Bulgaria are recorded, classified and processed (as a work bulletin) in NOTSSI. After
comprehensive analysis of the records and application of the above mentioned calculation
procedures it is established that 1836 of all registered earthquakes are in the Balkan
Peninsula region outlined by geographic latitud®-3%7 N and longitude 19- 30 E. The
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epicenters of the earthquakes differentiated by magnitude levels are plotted on Fig.1. The
number of the events in the magnitude interval M=0.5-1.9 is 993, in M=2-2.9 - 549, in
M=3-3.9 - 238, in M=4-4.9 — 46 earthquakes. During this not so active period there are 3
events with magnitude M>5. The maximum magnitude value is M=5.8.

As a whole, the seismic situation in the study part of the Balkans during 2011 is
characterized by comparatively high activity - 1829 events against 2401 in 2010, 2744 in
2009, 1775 in 2008, and around 1100- 1400 for most of the previous years. The maximum
realized earthquake is with magnitude M=5.8 while this value for the previous years is
lower then five, as a rule. It can be noted that the observed tendency of high increase of the
activity compared with the former years is partly due to the high level of earthquake
activation in Marmara sea, Central Greece, Serbia, Romania, and also due to increase of
number of microearthquekes in the territory of Bulgaria.

The strongest event outside Bulgaria during the study period occurred in the region
situated to the south of Marmara sea (Turkey) (M=5.8 and intensity I=1ll-IV of MSC scale
in Kurdzhali region). Other shakable effect because of outside attack during the study
period occurred around of Lesvos island — eastern edge of central part of Aegean sea
(magnitude M=5.5 and intensity I=II-1ll in Kardzhali).

As a whole, events with M<3.0 which occur outside Bulgaria are difficult to be
localized by the national seismological system; consequently, not all of them have been
marked on the scheme in Fig.1.

44.0

43.0

42.0

41.0

22.0 24.0 26.0 28.0
Fig.2. Map of epicentres in Bulgaria and adjacent lands during 2011
Fig.2 illustrates the seismicity just in the territory of Bulgaria and nearby lgnds (

=41 - 448N, A = 22 - 29E). The earthquakes are differentiated by magnitude intervals.
The seismic stations are also noted in the same figure by rectangular. The parameters of
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relatively stronger earthquakes are presented in Table 1.

Table 1. List of earthquakes with Mt 2.5 in Bulgaria and adjacent lands during 2011

Date Time Coordinates Hkm M
2011 1 3 20: 43 41.19 23.3 3 2.6
2011 1 5 17: 14 42.07 23.65 8 2.6
2011 1 6 17: 16 41.35 22.72 15 2.5
2011 1 8 11: 20 42.22 26.28 8 3.1
2011 1 14 03: 31 42.25 26.23 6 2.5
2011 1 14 15: 49 42.18 25.16 4 2.8
2011 1 20 19: 05 41.71 22.36 7 2.5
2011 1 24 12: 14 42.15 25.1 2 2.8
2011 1 28 16: 30 42.3 26.05 5 2.5
2011 2 2 20: 00 41.51 23.02 8 2.5
2011 2 7 22: 25 41.56 23.42 10 2.5
2011 2 7 18: 00 41.49 23.14 3 2.8
2011 2 7 16: 22 41.51 23.17 2 2.9
2011 2 7 10: 39 41.48 23.14 2 3.2
2011 2 27 34: 32 42.61 23.89 10 2.5
2011 2 28 18: 28 42.18 25.16 3 2.9
2011 3 13 18: 02 41.36 22.87 1 2.6
2011 3 15 18: 00 42.24 26.2 7 3.2
2011 3 18 06: 27 41. 06 23.38 1 3.1
2011 3 27 10: 27 41.22 23.85 12 2.6
2011 3 28 17: 21 42.21 26.3 5 2.6
2011 3 28 18: 04 42.24 26.2 7 3.2
2011 3 29 09: 46 42.03 25.78 2 2.5
2011 3 29 17: 03 42.17 26.29 7 2.5
2011 3 29 02: 55 41.86 22.16 4 2.8
2011 3 29 02: 56 41.85 22.15 2 3.1
2011 3 29 07: 29 42.02 25.74 10 3.7
2011 3 30 11: 22 42.18 26.28 6 2.8
2011 3 31 05: 25 41.22 23.08 2 2.7
2011 4 1 19: 44 42.21 26.23 6 2.8
2011 4 2 00: 07 43.26 26.03 3 2.5
2011 4 14 03: 40 41.58 24.01 15 2.5
2011 4 18 14: 18 41.25 22.9 2 3.5
2011 4 22 21: 33 43,32 28.66 26 2.9
2011 4 22 21: 27 43.31 28.68 25 3.1
2011 5 1 08: 36 41.16 27.48 15 2.8
2011 5 4 18: 40 43.63 22.22 8 2.7
2011 5 5 01: 07 41.21 23.76 2 3.4
2011 5 7 19: 14 43.25 26 2 2.6
2011 5 22 22: 39 41. 05 27.88 5 2.5
2011 6 6 12: 01 42.22 26.24 8 2.6
2011 6 6 22:52 42.22 26.24 5 3.2
2011 6 24 17: 32 42.24 26.23 3 2.6
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2011 6 24 17: 47 42.19 26. 27 5 2.7
2011 6 24 17: 44 42.22 26.2 4 3.6
2011 7 6 13: 32 42.64 26.98 10 2.5
2011 7 22 12: 57 41.33 23.91 10 2.6
2011 7 22 19: 16 41.91 23.2 5 2.6
2011 7 23 07: 32 41.92 23.19 1 3

2011 7 26 03:71 43.66 26.74 5 2.5
2011 7 31 17: 37 41.49 25.83 5 2.8
2011 8 5 02: 16 42.22 26.2 9 3.4
2011 8 5 02:17 42.25 26. 22 2 3.4
2011 8 7 20: 26 42.1 23.64 4 2.7
2011 8 11 02: 57 41.31 22.78 5 2.6
2011 8 20 20: 50 41.37 22.82 2 3.3
2011 8 23 08: 30 41.3 22.83 2 2.5
2011 8 24 19: 59 43.91 28.63 5 3.8
2011 9 2 11: 17 41.17 23.61 2 2.7
2011 9 5 13: 23 43.68 22.09 10 3.6
2011 9 11 18: 52 42.03 25.73 11 2.7
2011 9 15 10: 25 41.91 23.17 2 2.7
2011 9 20 11: 28 42.22 25.68 15 2.6
2011 10 3 11:53 41.53 24.43 11 2.5
2011 10 5 07: 23 42.19 26. 23 3 2.5
2011 10 6 15: 08 41.34 22.76 2 3.1
2011 10 6 15: 55 41.34 22.75 1 3.4
2011 10 7 12: 33 41.32 22.77 0 2.8
2011 10 8 16: 06 42.25 26.16 2 2.5
2011 10 11 19: 49 43.51 28.53 18 3.8
2011 10 15 41: 08 42.16 26.3 6 2.5
2011 10 20 10: 28 43. 44 28. 56 14 2.5
2011 10 21 13: 18 41.61 24.6 7 2.5
2011 10 21 05:12 41 27. 67 2 3.1
2011 10 21 12: 26 41.66 24.6 7 3.2
2011 10 23 18: 13 41.82 22.84 11 2.5
2011 10 23 13: 09 41.66 24.6 11 2.6
2011 10 30 04: 48 41.64 24.63 9 2.7
2011 10 30 05: 54 41.65 24.61 7 3

2011 10 30 04: 47 41.63 24.6 5 3.2
2011 11 10 22: 20 41.31 23.65 4 2.8
2011 11 11 18: 48 41.29 22.73 7 2.5
2011 11 17 15: 10 41.29 24.29 5 2.5
2011 11 19 18:58 41.31 24.28 4 2.6
2011 11 29 12: 20 41.47 23.76 13 2.8
2011 12 17 06: 13 42.6 26.41 11 2.5
2011 12 18 21:56 41.35 22.75 2 2.7
2011 12 26 08: 10 42.26 26.21 2 2.8

On the territory of Bulgaria a very much high degree of activity of weak
earthquakes is observed during 2011 - 1205 events against 1607 in 2010, 2017 in 2009,
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1079 in 2008, and 600-800 for most of the previous years. The earthquakes of a magnitude
higher than 3.0 are in normal amount - 25 events compared with an averaged number of
about 20-30 for most of the all previous years (exception is 2009 with 147 events because
of the aftershocks of Valandovo M=5.2 earthquake.). The maximum realized magnitude
M=3.8 in the region of Shabla is almost normal too, in comparison with the maximum
magnitude in the course of previous years. As usually, the largest concentration of
epicenters is marked in the southwestern part of the territory presented in Fig.2. The
Kroupnik seismic source is known with the strongest crustal earthquakes in Europe (M=7.8,
7.1) for the last 160 years. In 2011 about 80 events of M<3.0 and only 2300 Mccurred

in this region. The strongest felt earthquake for the south-western part of Bulgarian territory
is with magnitude M=3.2, it is felt on 07 February in Petrich region (southern slopes of
Belasitza mountain) by intensity of 11l EMS.

The Bulgarian seismic sources in 2011 are relatively not so active than during the
previous years. They produced not more than 25 earthquakes affecting different localities in
this country by intensity of up to IV degrees EMS. The maximum number of felt
earthquakes is occurred around the Monastery uplift. About ten cases of magnitudes less
than 3.0 aroused shocks of intensity three or a bit more and about 6 with M>3 are felt in
Monastery Highland territories with intensities up to V — VI degree of MSC. The maximum
event with M=3.6 caused V- VI of MSK on 24 June. A strong event M=3.7 in the
neighbor region of Simeonovgrad caused effects of V degree of MSC. In the rest part of
the 2011 felt events caused excitation of lesser intensity. The strongest event with
magnitude Ms=3.8 occur in north-eastern Bulgaria on 11 October and caused macroseismic
impact with intensity of V degree EMS scale in village of Shabla on the Black sea coast.
One relatively big seismic activity is associated with the Smolyan fault structure in the
Rhodopean Region region where three shocks during the time of ten days shook the city of
Chepelare with intensity of Il EMS since 21 October to 30 October.
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Fig.3. Focal plane solution of the strongest Monastery uplift earthquake (24.06.2011)
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For the determination of the earthquake mechanism is used program FOCMEC.
Input are polarities of the P wave. In the double - couple focal mechanism are included 12
first motion polarities data from seismological stations in Bulgaria and surrounding area
taken from NOTSSI and ISC databaskp:{/www.orfeus-eu.org/pub/data/continuous
[2011) - Fig.3. The solution is displayed on lower hemisphere. The polarities from ISC are
not check as waveform. The polarities from seismological stations KAVA and PGB are
poor and the solution is not with very good quality. The fault plane solutions of the some
other events are with very bad quality because of a low number of polarities.
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Fig.4. Magnitude - frequency distribution of the earthquakes

A detailed analysis of seismicity in the individual seismic zones is hard to be
fulfilled because of the insufficient quantity of events and the narrow magnitude range of
the earthquakes. The joint statistics of all the events in Fig.2 characterize predominantly the
seismicity parameters of the southwestern part of the territory under investigation.

The magnitude-frequency distribution for the entire data set is presented in Fig.4.
The number of localized events increases with the magnitude decreasing: for M=3.5-3.9 is
6 events, for M=3.0-3.4 is 19 events, for M=2.5-2.9 - 64, for M=2.0-2.4 - 225 and so on.
The abrupt diminishing of the number of earthquakes in the first two intervals (M<1.5) in
Fig.4 determines also the registration power of the seismic stations network.
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Fig.5. Depth - frequency distribution of the earthquakes

Taking the latter into account, it can be supposed that the magnitude sample for levels with
M > 1.5 is comparatively closer to the reality for the bigger part of the Bulgarian territory.

Fig.6. Magnitude - depth dependence

The picture of the depth distribution in Fig.5 shows that the majority of events
occur down to 20 km depth. The number of events decreases smoothly with increase of the
depth. It is possible the established predominating depth (from 0 to 5 km) to be also due to
the presence of unidentified industrial explosions. In the same time the number of events in
the interval 15-20 km is bigger. The magnitude distribution of the events in depth (Fig.6) do
not permits to note some differentiation of depth "floors" with the increase of magnitude -
the maximums can be traced out for all of the depth interval from 2 to 20 km. It is
remarkable that the strongest events are not deep situated.
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Fig.7. Time distribution of the earthquakes.

Fig.7 illustrates the distribution of seismicity in time according to the number of
events per months. The biggest earthquake’s amount is displayed in October, when more
then 130 earthquakes occurred, approximately the similar situation in July is observed —
123 events. The lowest earthquake quantity is in August, 80 events. The energy release
suggests that in October, when 132 events occurred, is the month with maximum of energy
release.

Additionally, about 1100 distant earthquakes have been recorded in the period
under study, as well as more than 700 industrial explosions, processed and classified in the
preliminary monthly bulletins. In order to identify the artificial seismic sources the
methodical approach described by Deneva et al. (1988) and some information about the
quarry sites in Bulgaria have been used.

Acknowledgements: The authors owe their gratitude to the engineering staff for
the perfect software and hardware ensuring of NOTSSI.
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JIaHHU W aHAJIM3 HA ceu3MUYHMTE chouTHs perucrpupanu ot HOTCCH npes 2011

E.bores, B.IIporononosa, N.ITomoa, bi.badaukosa, C.Bemmukosa, U.1loHuesa,
C.lumutpona, Bn.boiiues, /[.JIazapos, I1lin.PaiikoBa

Pe3tome. IlpemmaraHoto Hay4yHo ChoOIIeHHE CBABPKA 0000meHa uHopMmanus 3a
pesyiTaTuTe OT CBHOMpaHeTo, 00paboTkaTa W aHaIM3a Ha MBPBUYHUTE HaHHU 32
CeM3MHUYHHUTE ChOWTHA, peructpupanu or Hammonanmnarta OmnepatuBHa Tenemerpuuna
Cucrema 3a Cemsmonoruuna Uupopmanus (HOTCCH) npe3 2011r. IIpeacraBeHa e kapTa
Ha enuueHTpute Ha oOmo 1836 3emerpecennss B yacTTa OT baikaHCKHS IOJIYOCTpPOB,
orpaxmdena ot reorpadcka mupuna 37° - 47° N u gemxuna 19 - 307 E. Io-mogpo6ro ce
aHAM3HPa CEM3MHUYHOCTTA 32 TEPUTOpHATA HA Bbarapus m npmiexamure it 3emu (1205
cem3sMudHE chOUTHA B paiion ¢ koopauaatu A= 22 - 2E u ¢ =41°- 44.5N). IIpexnara ce
M KaTaJloT Ha 3eMETPeceHHUsITa ¢ MarHuTyn M>2,5. CeH3MOreHHUTE MPOSBU CE 00CHKIAT
TI0 30HH, CPAaBHEHHU ChC CHCEIHH NEPHOIH BpEME.
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BLACK SEA EARTHQUAKE SAFETY NET(WORK) — ESNET *!
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Abstract 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
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.

Key words: cross-border cooperation, JOP “Black Sea Basin 2007-2013", seismic
risk, seismic monitoring, joint intervention concept

Program framework

The Black Sea Basin is one of the main areas of interaction between the European
Union (EU) and its eastern neighbor countries. In order to address the challenges emerging
in this area and in terms of relations with the other southern and eastern EU neighbours, the
EU released a comprehensive new strategy in May 2004, the European Neighbourhood

! This publication has been produced with the assistance of the European Union. The
content of this publication is the sole responsibility of its authors and can in no way reflect
the views of the European Union
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Policy (ENP§. To implement this Strategy, financial means are being made available
through the European Neighbourhood and Partnership Instrument (ERR)core policy
objectives of cross-border cooperation (CBC) on the external borders of the Union are to
support sustainable development along both sides of the EU’s external borders, to reduce
differences in living standards across these borders, and to address the challenges and
opportunities following EU enlargement or otherwise arising from the proximity between
regions across European land and sea borders. The Black Sea Basin eligible area occupies a
territory of 834,719 sg. km. and includes a population of 74.2 million people. It involves
ten countries, some of which include the whole of their national territory (Armenia,
Azerbaijan, R. Moldova and Georgia), while for some others those regions closest to the
Basin (Bulgaria, Greece, Romania, Russia, Tutkaryd Ukraine).

+
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i ROMANIA
National Institute of Research and institute of Geology and Seismology
Development for Earth Physics the Academy of Sclences
e Republic of Moldova
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(fesnex Bk
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// Geodesy and Geography, Bulgarian Rellef and Development Foundation
Academy of Sclence

Fig. 1. ESNET partner’s institutions.

In order to achieve stronger regional partnerships and cooperation the program is
aimed at contributing to its key objective: “a stronger and more sustainable economic and
social development of the regions of the Black Sea Basin”. The ESNET project is released
under OBJECTIVE 2: WORKING TOGETHER TO ADDRESS COMMON
CHALLENGES of the Black Sea Basin ENPI-CBC programme, Priority 2: Sharing
resources and competencies for environmental protection and conservation.

2 European Neighbourhood Policy STRATEGY PAPER COMMUNICATION FROM THE
COMMISSION COM (2004) 373 final Brussels, 12.5.2004

% Regulation (EC) No 1638/2006 of the European Parliament and of the Council of 24
October 2006 laying down general provisions establishing a European Neighbourhood and
Partnership Instrument.

* Turkey as a negotiating candidate country is not covered by the ENPI Regulation (EC) N°
1638/2006 but allowed to participate in the Black Sea Basin Programme in accordance with
art. 86(4) of the Commission Regulation (EC) No 718/2007 and the Article 9(5) of ENPI
Regulation.
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Project objectives

The overall objective of the project is to contribute to the prevention of natural
disasters generated by earthquakes in Black Sea basin by developing a joint monitoring and
intervention concept. All the countries involved in the project have their own studies,
strategies, prevention and intervention systems in case of earthquakes, but until now there
has not been an integrated approach so far in the Black Sea basin. Given the cross-border
character of seismic activity results, it is necessary to have a cross-border approach on
prevention, monitoring and intervention in case of earthquakes. The are also three specific
objectives:

1. To assess the disaster potential, with accent on the seismic risk degree and the
earthquakes effects in the intervention area. The first step in achieving the project main
objective is to have an accurate and up-to-date assessment of the potential of disasters
provoked by earthquakes in the project area/regions. This assessment will be carried out at
national level and will be used in designing the common concept/approach for dealing with
earthquakes at regional level, thus ensuring the cross-border character of the objective.

2. To develop an integrated seismic monitoring and intervention concept. This
integrated concept, built on the basis of the previous objective, will have a cross-border
relevance and is at the core of the action. The monitoring and intervention in case of
earthquakes will be coordinated among the participating countries based on this concept,
thus a more effective and efficient approach being ensured.

3. To increase the capacity of local institutions emergency intervention units for
joint response activities in case of disasters. By involving the local emergency units and
public administration in the project activities, especially in trainings, conferences and
consultations, a better cooperation at cross-border level will be achieved. Step by step, the
respective bodies will increase the cooperation and will benefit from each other’s expertise.

Target groups aimed for achieving these objectives are: bodies in the partners
countries and regions acting in the earthquakes research sector; emergency intervention
units in the areas covered by the project; local public authorities in the areas covered by the
project; NGOs acting in the field of information and intervention in case of natural disasters

Methodology

The project methodology was chosen in line with the specificity of the needs and
constrains of the target groups. The activities proposed will gather the added-value of each
target group and will lead through its outputs and results to the fulfilment of the overall
and specific objectives of the ESNET action.

The activities follow logically and are scheduled so as to deliver the best possible
results in a reasonable timeframe. The implementation methods are based on permanent
cooperation among partners and on-line meetings will take place every time it is necessary
to ensure a good coordination. The project team (Fig. 2) is large enough to allow each
partner to make sure that is able to fulfill its activities and also that the legal and financial
regulations and requirements are observed.
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Fig. 2. ESNET project team at the Bulgarian study visit, organized in Varna.

NIEP is the most authorized entity in the field of earthquakes in Romania. The
same can be said about the Bulgarian (NIGGG) and Moldavian (IGS) partners. The Turkish
partner (IBC) is an NGO with a long history in the field of protection to disasters and
intervention in case of catastrophes.

All partners have the capacity to involve relevant stakeholders from their countries
(local public administrations, emergency units, NGOs), based on the long-term cooperation
history.

Activities

ESNET project implementation is organized in five groups of activities:

Adtivity 1: Assessment of the current situatiém of this group of activities is to
provide a high level of mutual knowledge regarding the current status of the national
frameworks, strategies, policies and procedures regarding the prevention, monitoring and
intervention in case of earthquake. At this moment, each country has its own systems,
methodologies and institutions dealing with earthquakes/disasters, but very little have been
achieved in what concerns the cooperation among them at regional level. Sharing expertise
and benefiting from each other’s experience is the basic tool for a cross-border project and
the partners are determined to make the most out of using them.

Activity 2: Increase the sector cooperation by setting up the Black Sea Safety
Network. The aim of the action is to create a platform for long-term cooperation among the
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stakeholders in the participating countries, in the field of preventing, monitoring and
intervention in case of earthquakes. This platform will take the form of a network whose
tools will be: a web portal, monitoring and early warning software and communication tool
(e-group). In order to make sure that the network will be operational on long term, an
agreement shall be signed by all project partners, providing for clear commitment
concerning the active participation to the network activity (e.g. supply of information and
documents to be posted on the portal, inviting the network members to attend sector events
etc). The portal will be a good mean to communicate with the stakeholders but also with the
citizens on issues of common interest regarding the earthquakes. The network will also
communicate with similar networks in order to ensure synergy of the activities instead of
overlapping.

Fig. 3. Visit to the Dobrogea Seismological Observatory (Eforie)

Activity 3Capacity building The aim of the action is to increase the administrative
capacity of dealing with earthquakes in the Black Sea area covered by the countries
participating in the network. Joint curricula will be developed according to the needs
assessment data identified during country assessments carried out in Group of Activities 1
and based on the regional strategic requirements. The training will be delivered by trainers
from each country to the emergency units staff from the respective country.

Activity 4Visibility of the ActionThe aim of this group of activities is to make the
project and the EU contribution widely known to the general public in the participating
countries and even further. This will be achieved through conferences and press
conferences, distribution of promotion materials, dissemination of press releases, net book
and regular project updates.

Activity 5Management and coordination of the Actidime last group of activities
aims to ensure a smooth project implementation, in agreement with the EU and national
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(where applicable) laws and regulations. Face to face as well as on-line meetings of the
project team members will ensure the strong cooperation between partners. Evaluation of
activities and expenditure verification will ensure that the project and the grant contract
provisions are observed and no irregularities are made.

Expected results and outputs

Execution of the first group of activities will result in: 1) Broad expert knowledge
shared on the earthquake related issues for each participating country; 2) Support of the
public authorities for the elaborated reports and proposed plans; and 3) Basis for creating a
long-term cooperation network. Four study visits (Fig. 3) and four county assessment
reports resulted in estimation of the existing framework in the field of prevention,
monitoring and intervention related to earthquake (potential) disasters in the region.

Envisaged long-term cooperation among the stakeholders in the participating
countries, in the field of preventing, monitoring and intervention in case of earthquakes will
be achieved through one “Seismic Safety Net(work) Web Portal” developed and launched,
and One “Black Sea Joint Seismicity Monitoring and Early Warning System” set up as a
software tool.

A “Regional Capacity Building Start-up Curricula” elaborated, with approx. 10
training subjects included and 2 days training sessions in each country, with the
participation of 20 professionals from the emergency units in each participating country
will be the results fronCapacity buildingpackage. These will ensure training support for
the professionals in the sector of earthquake monitoring, early warning and intervention as
well as increased capacity of emergency units to react to earthquake disasters.

Planned visibility actions will contribute to spreading a broad knowledge of the
project and its donors to the public in the participating countries.
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YepHOMOpPCKa MpesKka 3a cem3MH4YHAa 0e3omacHocT - ESNET

I1. Tpudonora, . Conakos, C. Cumeonona, M. MeTtoauen

Pesrome [Ipoext ESNET ce nsmbiHsaBa B paMKUTE Ha ChBMECTHA ONICpAaTHBHA [IpOrpaMa Ha
Yepromopckust Oaceitn 2007-2013 punancupan or EC 1 HaIl[MOHAIHO Ch-(pHHAHCHpAHE.
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LenTa Ha mpoekTa € Ja JONpHHECE 3a MPEBEHIMATA Ha MPUPOAHU OCICTBHS, TeHEPUPAHH
OT 3eMETPECECHUsI B pernoHa Ha 3amaanus Opsr Ha YepHo Mope, dpe3 pa3paboTBaHe Ha
cucTeMa 3a ChbBMECTEH MOHUTOPHUHI M KOHLENIMSA 33 PEaKUUs MEXAYy MapTHbOPCKUTE
crpanu (PymbHus, Beirapus, Mongosa u Typuus). HeroBata mponbikuteaHocT ¢ 24
Mmecena, ¢ Hadano MapT 2012r. u chappka MeT OCHOBHH TIpyIH JeiHocTH. B kpas Ha
M3IBJIHCHUETO Ha TPOEKTa Iie ObJaT OLEHEHU MOTEHNIHaa 3a OEJCTBUE, C aKLIEHT BbPXY
CTEINeHTa Ha CEM3MHYEH PHUCK U BB3MOXKHHUTE €(eKTH OT 3eMETpeceHHs B 00JacTTa, IIe
ObaaT pa3pabOTEeHN WHTETPHpaHa CHCTEMa 3a CEM3MHMYEH MOHHMTOPHHI W KOHIEMIHS 32
HaMmeca M 1ie ObJie yBEeJIWYEH KaraluTeTa Ha MECTHHUTE 3BEHA 3a PEakiMs IPH KpU3U H
CBHBMECTHM JEWHOCTH B ciy4dail Ha OencrBue. Crarusira mpenctaBs HHGOpMaLHsS 3a
OYaKBaHUS TPAaHCTPaHWYCH e(QEeKT Ha TMpPEIBHIACHUTE IEHHOCTH, METOAOJIOTHATA H
KpalfHUTE pe3ynTaTu 3a OeHEUIUECHTHTE 110 POEKTa.
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Abstract. 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”.

Key words: PAG observatorygeomagnetic variations, geomagnetic activity, hourly
mean values.

I ntroduction

The Geomagnetic observatory in Panagyurishte (PAG) is established in 1937 —
first on the Balkan Peninsula and unique in Bulgaria and during more than 75 years
performs the absolute measurements of the geomagnetic field elements and continuous
registration of their variations. From 2008 PAG observatory was equipped with digital
systems for the recording of geomagnetic field element’s variations. Thus, the observatory
implement the technical requirements and was joined to the INTERMAGNET
(International Real-time Magnetic Observatory Network), which establishes a global
network of cooperating digital magnetic observatories, and facilitate data exchanges and
geomagnetic products in close to real time. Preliminary recorded time series and local
geomagnetic k-indices  are published on the NIGGG  web page
(http://data.geophys.bas.bg/magn_datal/dailymag_bg.php) and automatically reported to
INTERMAGNET. The present paper provides quasi-definitive geomagnetic data which are
checked and processed to comply with the IAGA standards for observatory practices.
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L ocal geomagnetic indices (K, Ak, XK) calculated at PAG observatory.

The K-index is often used as a quantitative measure of local magnetic activity. It is a 3-hour
quasi-logarithmic scale developed to measure magnetic activity ranging from 0 to 9, with O
indicating completely quiet conditions and 9, representing extreme magnetic activity. It is
intended to measure geomagnetic disturbances outside the normal diurnal quiet time
variations. In order to have a somewhat consistent scale of magnetic activity between
observatories at high latitudes, where field variations can be quite large in amplitude, and
those at low latitudes, each observatory is assigned its own set of amplitude ranges
corresponding to the various K-index levels. Thus, for example, a K-index of 5 at College
(212.4°E, 64.87°N) corresponds to a lower limit of magnetic activity range of 350 nT over
the 3-hour interval, while at San Juan (293.85°E, 18.117°N) this same K-index level
corresponds to a lower limit of magnetic activity of 40 nT. The idea is to have K-index
compensation for the influence of latitude on magnetic activity, so that a K-index of 7 at
College and San Juan would represent the same magnetic storm intensity despite the actual
differences in the range of magnetic fluctuation amplitudes at the two latitudes.

The ranges of the individu# numbers in PAG observatory (24.177°EN, 42.515°N) are
defined as follows:

Deviation
from the
normalSq | <5 | 5-10 H 10-20| 20-40| 40-70  70-120 120 -200 200-330 330-500 | > 500
variation

[nT]
K 0 1 2 3 4 5 6 7 8 9

The eight three-hourly K numbers are calculated by a computer code (FMI
method) from the digital recordings of three component flux-gate variometer FGE.

Description of the geomagnetic storms and their possible effects on people and
systems can be found at NOAA Space Weather Scale for Geomagnetic Storms
(http://www.swpc.noaa.gov/INOAAscales/index.html#GeomagneticSjorms

Ak [nT] is the local equivalent daily amplitude index which is determined by
converting K —indices into eight 3-hour equivalent linear amplitigesind calculating the
mean value. The 3-hour equivalent amplitualeis assigned for each K value using the
following table:

K 0 1 2 3 4 5 6 7 8 9
aK [nT] 0 3 7 15 27 48 80 140 | 240 @ 400

YK is the daily sum of the eighkt numbers.
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Tablel. Local geomagnetic indices (KxAXK) calculated at PAG observatory in January 2012.

Activity indices
PAG Observatory January 2012
Day K Ak [nT] | ZK
1-Jan-12 21112221 5 12
2-Jan-12 11111132 5 11
3-Jan-12 33111221 7 14
4-Jan-12 21221011 4 10
5-Jan-12 11113222 6 13
6-Jan-12 212212383 8 16
7-Jan-12 32112213 8 15
8-Jan-12 21221122 6 13
9-Jan-12 22222322 8 17
10-Jan-12 11122121 5 11
11-Jan-12 22221122 6 14
12-Jan-12 12111233 7 14
13-Jan-12 22201101 4 9
14-Jan-12 10111001 2 5
15-Jan-12 11111123 5 11
16-Jan-12 21233332 11 19
17-Jan-12 32121121 6 13
18-Jan-12 21121111 4 10
19-Jan-12 11100111 2 6
20-Jan-12 22110121 4 10
21-Jan-12 12222222 7 15
22-Jan-12 12444455 27 29
23-Jan-12 43211012 8 14
24-Jan-12 42222454 20 25
25-Jan-12 33343222 14 22
26-Jan-12 21121332 8 15
27-Jan-12 21312211 6 13
28-Jan-12 221111383 7 14
29-Jan-12 32110233 8 15
30-Jan-12 00011444 11 14
31-Jan-12 21101011 3 7
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Table2. Local geomagnetic indices (KxAXK) calculated at PAG observatory in February 2012.

Activity indices
PAG Observatory February 2012
Day K Ak [nT] | ZK
1-Feb-12 22221111 5 12
2-Feb-12 21111011 3 8
3-Feb-12 22122210 5 12
4-Feb-12 22223223 9 18
5-Feb-12 32123242 11 19
6-Feb-12 22111332 8 15
7-Feb-12 122333514 17 23
8-Feb-12 32223232 10 19
9-Feb-12 11122331 7 14
10-Feb-12 11111132 5 11
11-Feb-12 21111122 5 11
12-Feb-12 21120111 4 9
13-Feb-12 21323333 12 20
14-Feb-12 32212345 16 22
15-Feb-12 24232354 19 25
16-Feb-12 21222101 5 11
17-Feb-12 00111000 1 3
18-Feb-12 00110124 5 9
19-Feb-12 54121223 15 20
20-Feb-12 34223434 18 25
21-Feb-12 32111113 7 13
22-Feb-12 33332221 11 19
23-Feb-12 00111113 4 8
24-Feb-12 23112221 7 14
25-Feb-12 00223232 7 14
26-Feb-12 21211023 6 12
27-Feb-12 32134562 25 26
28-Feb-12 22422313 11 19
29-Feb-12 32310112 7 13
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Table 3. Local geomagnetic indices (KxAZK) calculated at PAG observatory in March 2012.

Activity indices
PAG Observatory March 2012
Day K Ak [nT] 2K
1-Mar-12 133323514 18 24
2-Mar-12 33222222 9 18
3-Mar-12 21121313 7 14
4-Mar-12 33332342 15 23
5-Mar-12 31231233 10 18
6-Mar-12 32222333 11 20
7-Mar-12 334455514 32 33
8-Mar-12 22354444 23 28
9-Mar-12 45655533 41 36
10-Mar-12 44222342 16 23
11-Mar-12 21122334 11 18
12-Mar-12 32255443 24 28
13-Mar-12 42122222 9 17
14-Mar-12 22122323 9 17
15-Mar-12 32125654 29 28
16-Mar-12 322335514 23 27
17-Mar-12 43323455 25 29
18-Mar-12 43232233 14 22
19-Mar-12 23223134 12 20
20-Mar-12 11221123 6 13
21-Mar-12 11222233 8 16
22-Mar-12 11111134 8 13
23-Mar-12 20111121 4 9
24-Mar-12 12322233 10 18
25-Mar-12 21222110 5 11
26-Mar-12 11221112 5 11
27-Mar-12 22233344 15 23
28-Mar-12 53223232 15 22
29-Mar-12 01001123 4 8
30-Mar-12 32211101 5 11
31-Mar-12 11212331 7 14
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Table4. Local geomagnetic indices (KxAXK) calculated at PAG observatory in April 2012.

Activity indices

PAG Observatory April 2012
Day K Ak [nT] 2K
1-Apr-12 22121223 7 15
2-Apr-12 32212212 7 15
3-Apr-12 21111123 6 12
4-Apr-12 22011223 6 13
5-Apr-12 22233323 11 20
6-Apr-12 11110102 3 7
7-Apr-12 22223112 7 15
8-Apr-12 21111221 5 11
9-Apr-12 11210122 4 10
10-Apr-12 32122223 9 17
11-Apr-12 21322113 8 15
12-Apr-12 12221353 13 19
13-Apr-12 54332333 20 26
14-Apr-12 32222231 9 17
15-Apr-12 01221232 6 13
16-Apr-12 11112222 5 12
17-Apr-12 21222242 9 17
18-Apr-12 32222122 8 16
19-Apr-12 11210133 6 12
20-Apr-12 13321112 7 14
21-Apr-12 10120233 6 12
22-Apr-12 32132111 7 14
23-Apr-12 24322444 18 25
24-Apr-12 55322344 24 28
25-Apr-12 33322444 18 25
26-Apr-12 24223233 13 21
27-Apr-12 22212222 7 15
28-Apr-12 21131223 8 15
29-Apr-12 21111121 4 10
30-Apr-12 11100011 2 5
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Table5. Local geomagnetic indices (KxAXK) calculated at PAG observatory in May 2012.

Activity indices
PAG Observatory May 2012
Day K Ak [nT] | ZK
1-May-12 011111183 4 9
2-May-12 31011013 5 10
3-May-12 22222123 8 16
4-May-12 22011211 4 10
5-May-12 01111111 3 7
6-May-12 12222110 5 11
7-May-12 12122211 5 12
8-May-12 12112334 10 17
9-May-12 44334454 27 31
10-May-12 33222224 12 20
11-May-12 32221322 9 17
12-May-12 31222233 10 18
13-May-12 32222332 10 19
14-May-12 32112111 6 12
15-May-12 22211002 4 10
16-May-12 21123234 11 18
17-May-12 21111122 5 11
18-May-12 32121222 7 15
19-May-12 22222121 6 14
20-May-12 34323211 12 19
21-May-12 02110142 6 11
22-May-12 34224444 21 27
23-May-12 33332222 11 20
24-May-12 22222232 8 17
25-May-12 22122222 7 15
26-May-12 21111100 3 7
27-May-12 12120111 4 9
28-May-12 02112322 6 13
29-May-12 12012223 6 13
30-May-12 33122221 8 16
31-May-12 32322331 11 19
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Table 6. Local geomagnetic indices (KxAXK) calculated at PAG observatory in June 2012.

Activity indices
PAG Observatory June 2012
Day K Ak [nT] |ZK
1-Jun-12 12132-1-1-1 4 9
2-Jun-12 -1-1-1-1-1-1 3 4 5 7
3-Jun-12 32235442 19 25
4-Jun-12 23243334 16 24
5-Jun-12 23433334 17 25
6-Jun-12 43233342 16 24
7-Jun-12 22222232 8 17
8-Jun-12 22231121 7 14
9-Jun-12 22122232 8 16
10-Jun-12 011222-1-1 3 8
11-Jun-12 -1-1-122345 13 16
12-Jun-12 44221111 10 16
13-Jun-12 22221111 5 12
14-Jun-12 22111111 4 10
15-Jun-12 12111101 3 8
16-Jun-12 22133346 21 24
17-Jun-12 43354433 24 29
18-Jun-12 44322220 12 19
19-Jun-12 11011000 2 4
20-Jun-12 12121110 4 9
21-Jun-12 11111111 3 8
22-Jun-12 02222210 5 11
23-Jun-12 01222311 6 12
24-Jun-12 21122221 6 13
25-Jun-12 12223322 9 17
26-Jun-12 22221212 6 14
27-Jun-12 12122211 5 12
28-Jun-12 22222111 6 13
29-Jun-12 12111123 6 12
30-Jun-12 33344334 20 27
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Table7. Local geomagnetic indices (KxAZK) calculated at PAG observatory in July 2012.

Activity indices
PAG Observatory July 2012
Day K Ak [nT] | ZK
1-Jul-12 33333334 17 25
2-Jul-12 34334332 17 25
3-Jul-12 22332322 10 19
4-Jul-12 32122212 7 15
5-Jul-12 33244333 17 25
6-Jul-12 23223444 17 24
7-Jul-12 22232233 10 19
8-Jul-12 23233324 14 22
9-Jul-12 53344534 28 31
10-Jul-12 32332332 12 21
11-Jul-12 22342223 12 20
12-Jul-12 33322212 10 18
13-Jul-12 12111111 4 9
14-Jul-12 12112355 17 20
15-Jul-12 45553565 45 38
16-Jul-12 44333322 16 24
17-Jul-12 33311322 10 18
18-Jul-12 22111121 5 11
19-Jul-12 12222111 5 12
20-Jul-12 13232333 12 20
21-Jul-12 22222332 9 18
22-Jul-12 22331122 8 16
23-Jul-12 22213333 11 19
24-Jul-12 22222121 6 14
25-Jul-12 22211111 5 11
26-Jul-12 11101100 2 5
27-Jul-12 12221112 5 12
28-Jul-12 12222244 12 19
29-Jul-12 23221111 6 13
30-Jul-12 22233442 14 22
31-Jul-12 22122212 6 14
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Table 8. Local geomagnetic indices (KxAXK) calculated at PAG observatory in August 2012.

Activity indices
PAG Observatory August 2012
Day K Ak [nT] |ZK
1-Aug-12 12222212 6 14
2-Aug-12 12135543 21 24
3-Aug-12 22121210 5 11
4-Aug-12 12112212 5 12
5-Aug-12 11121212 5 11
6-Aug-12 22232333 11 20
7-Aug-12 22211123 7 14
8-Aug-12 53222322 14 21
9-Aug-12 32111111 5 11
10-Aug-12 02101111 3 7
11-Aug-12 01121123 5 11
12-Aug-12 22223333 11 20
13-Aug-12 12222332 9 17
14-Aug-12 22222213 8 16
15-Aug-12 21112223 7 14
16-Aug-12 22223434 14 22
17-Aug-12 42211123 9 16
18-Aug-12 12222243 10 18
19-Aug-12 22243224 13 21
20-Aug-12 32224232 12 20
21-Aug-12 21121213 6 13
22-Aug-12 11122223 7 14
23-Aug-12 32222232 9 18
24-Aug-12 222222383 18
25-Aug-12 22332234 13 21
26-Aug-12 22233232 10 19
27-Aug-12 23221112 7 14
28-Aug-12 10021001 2 5
29-Aug-12 11111111 3 8
30-Aug-12 11111121 4 9
31-Aug-12 01111001 2 5
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Table9. Local geomagnetic indices (KxAXK) calculated at PAG observatory in September 2012.

Activity indices
September
PAG Observatory 2012
Day K Ak [nT] |ZK
1-Sep-12 21221212 6 13
2-Sep-12 32322344 15 23
3-Sep-12 332355414 25 29
4-Sep-12 32322333 12 21
5-Sep-12 44442343 22 28
6-Sep-12 33111332 10 17
7-Sep-12 12211244 11 17
8-Sep-12 31222221 7 15
9-Sep-12 11221112 5 11
10-Sep-12 22202120 5 11
11-Sep-12 01210001 2 5
12-Sep-12 11222122 6 13
13-Sep-12 22110211 4 10
14-Sep-12 12111213 6 12
15-Sep-12 22121223 7 15
16-Sep-12 22221131 7 14
17-Sep-12 21111111 4 9
18-Sep-12 23222211 7 15
19-Sep-12 12122455 19 22
20-Sep-12 32322222 9 18
21-Sep-12 11122221 5 12
22-Sep-12 21121102 4 10
23-Sep-12 01100000 1 2
24-Sep-12 01011111 2 6
25-Sep-12 10011100 2 4
26-Sep-12 11112133 7 13
27-Sep-12 32111111 5 11
28-Sep-12 01111110 2 6
29-Sep-12 11212111 4 10
30-Sep-12 1113333414 12 19
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Table 10. Local geomagnetic indices (KxA2K) calculated at PAG observatory in October 2012.

Activity indices
PAG Observatory October 2012
Day K AK [nT] | ZK
1-Oct-12 54322221 15 21
2-Oct-12 21023222 7 14
3-Oct-12 32221111 6 13
4-Oct-12 01000000 0 1
5-Oct-12 01111223 5 11
6-Oct-12 21122222 6 14
7-Oct-12 12111133 7 13
8-Oct-12 335543514 30 32
9-Oct-12 55442235 28 30
10-Oct-12 32232443 15 23
11-Oct-12 22122212 6 14
12-Oct-12 33323332 13 22
13-Oct-12 34444644 32 33
14-Oct-12 423343514 23 28
15-Oct-12 32222122 8 16
16-Oct-12 11221212 5 12
17-Oct-12 21212113 6 13
18-Oct-12 31221112 6 13
19-Oct-12 32111000 4 8
20-Oct-12 00221000 2 5
21-Oct-12 12211111 4 10
22-Oct-12 11110111 3 7
23-Oct-12 22222231 8 16
24-Oct-12 21111111 4 9
25-Oct-12 11121012 4 9
26-Oct-12 11111222 5 11
27-Oct-12 20111111 3 8
28-0Oct-12 01222110 4 9
29-Oct-12 10100002 2 4
30-Oct-12 21110001 2 6
31-Oct-12 00012323 6 11
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Table11. Local geomagnetic indices (KxA2K) calculated at PAG observatory in November 2012.

Activity indices

PAG Observatory November 2012
Day K Ak [nT] |ZK
1-Nov-12 322334514 20 26
2-Nov-12 23221112 7 14
3-Nov-12 11212111 4 10
4-Nov-12 01111100 2 5
5-Nov-12 00221211 4 9
6-Nov-12 11011222 4 10
7-Nov-12 332134514 20 25
8-Nov-12 11110002 2 6
9-Nov-12 11100010 2 4
10-Nov-12 00000013 2
11-Nov-12 00111101 2 5
12-Nov-12 21010235 10 14
13-Nov-12 44333354 24 29
14-Nov-12 55434212 23 26
15-Nov-12 10121112 4 9
16-Nov-12 21111333 8 15
17-Nov-12 22232233 10 19
18-Nov-12 11211203 5 11
19-Nov-12 11222212 6 13
20-Nov-12 22223343 13 21
21-Nov-12 32221231 8 16
22-Nov-12 11111001 2 6
23-Nov-12 001111314 7 11
24-Nov-12 43223322 13 21
25-Nov-12 12111212 5 11
26-Nov-12 22220111 5 11
27-Nov-12 11111121 4 9
28-Nov-12 11000012 2 5
29-Nov-12 10120211 3 8
30-Nov-12 01111101 2 6
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Table12. Local geomagnetic indices (KxA2K) calculated at PAG observatory in December 2012.

Activity indices
PAG Observatory December 2012
Day K Ak [nT] | ZK
1-Dec-12 11112143 8 14
2-Dec-12 21322110 6 12
3-Dec-12 01111112 3 8
4-Dec-12 22121010 4 9
5-Dec-12 01110011 2 5
6-Dec-12 11110000 2 4
7-Dec-12 00100010 1 2
8-Dec-12 00101111 2 5
9-Dec-12 12121213 6 13
10-Dec-12 31121111 5 11
11-Dec-12 11110011 2 6
12-Dec-12 10111101 2 6
13-Dec-12 21000011 2 5
14-Dec-12 22221123 7 15
15-Dec-12 22223332 10 19
16-Dec-12 20112221 5 11
17-Dec-12 22243311 11 18
18-Dec-12 22132311 8 15
19-Dec-12 12221111 5 11
20-Dec-12 01223332 9 16
21-Dec-12 21110111 3 8
22-Dec-12 00110001 1 3
23-Dec-12 00111100 2 4
24-Dec-12 01111311 4 9
25-Dec-12 11110112 3 8
26-Dec-12 01011001 2 4
27-Dec-12 10110000 1 3
28-Dec-12 11111012 3 8
29-Dec-12 11111102 3 8
30-Dec-12 11222221 6 13
31-Dec-12 01110000 1 3
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Quasi-definitive hourly mean values of the Declination (D), Horizontal
(H), and Vertical (Z) field components.

Until the advent of digital recording systems hourly mean values (HMVs) were the
primary data product from magnetic observatories. Both, the spot hourly values and the
HMVs were usually compiled into monthly tables. These tables were published in
observatory yearbooks as shown in Fig. 1 (see Buchvarov, 2006).

HOURLY MEANS OF HORIZONTAL COMPONENT OF MAGNETIC INTENSITY
JANUARY 1983 23000 + TABULAR QUANTITY (IN NANGTESLAS)
DATE U.T. Ol 02 03 04 05 06 07 08 09 10 i1 12 13 14 15 16 17 18 19 20 21 22 23 MEAN

i 698 697 694 693 708 T12 723 725 715 699 692 690 684 688 691 694 695 697 705 704 707 705 705 706 701
2Q 710 707 706 T08 707 710 715 722 713 711 723 221 714 693 695 102 698 101 705 705 708 704 707 708 708
3 712 716 718 715 T18 719 728 729 716 708 707 700 68l 668 671 687 689 694 698 700 696 700 700 700 703
& 702 706 708 706 709 714 719 717 700 690 700 705 700 683 687 680 678 686 692 699 703 703 701 702 700
5 Q 703 702 703 705 706 710 714 712 705 700 711 712 706 696 689 694 696 691 701 704 703 706 704 704 703
6
7
8
9

706 706 707 709 710 706 698 691 694 705 711 712 707 706 705 704 699 698 703 705 709 710 710 . 705
712 716 711 711 709 708 713 714 712 710 718 716 709 704 697 703 707 708 711 712 712 712 712 709 710
706 711 715 715 710 713 717 711 699 695 701 704 695 694 710 719 719 714 702 682 690 699 704 716 706

o
e
e
>

708 700 700 703 708 707 705 704 697 690 688 696 710 714 713 711 687 657 669 680 676 660 659 664 692
100 695 736 679 639 633 661 661 629 59T 579 590 607 614 626 635 638 648 654 657 658 657 657 662 664 645

11 663 666 669 679 683 686 696 691 686 671 672 675 679 688 688 690 687 686 680 684 687 686 684 696 682

12 626 686 683 685 701 700 709 714 698 674 668 671 665 669 675 685 682 684 687 688 696 692 690 691 686
13 694 694 700 699 706 705 706 701 691 682 681 681 685 693 693 683 690 679 672 678 683 685 687 695 690
14 693 693 692 693 699 702 705 700 695 688 689 690 686 679 680 686 688 692 692 699 698 695 699 690 693
15 0 720 706 706 710 714 716 719 718 706 698 696 697 703 703 701 662 638 660 661 655 665 680 704 702 693
16 0 691 690 697 703 706 703 711 713 703 694 672 650 652 654 657 653 653 643 673 673 684 687 687 688 681
17 c 703 694 693 7C2 703 708 713 709 698 678 665 669 637 636 661 664 677 672 683 700 655 678 683 705 683
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Fig. 1. Table of HMVs of Panagyurishte (PAG) observatory for the H component in January 1983

Presently, hourly mean values are based on the digital recordings of the three-
component fluxgate magnetometer FGE. The baseline of this magnetometer is determined
from absolute measurements with a DI-flux theodolite and an Overhauser proton
magnetometer.

Before calculating the HMVs, inspection and verification of the reported data was
performed. The reported data (available in near real time) are usually used in applications
where the reliable representation of higher-frequency magnetic field variations is more
important rather than absolute levels or secular variation. This concerns, e.g. the forecast of
magnetic activity, radio-wave propagation, or space weather. In the case of reported data it
is not possible to verify them prior to dissemination. Careful monitoring of the
automatically transmitted data and the present-day computer technologies enable us to
improve the quality of data and reduce the number of gaps in the records. After the quality
control procedures have been applied to the 2012 reported data, we obtained the quasi-
definitive minute mean values and calculated the HMVs.

Monthly elements’ plot of the hourly mean values of the Declination (D),
Horizontal (H), and Vertical (Z) field components for 2012 are shown in next figures:
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Definitive Hourly Mean Values January 2012

Horizontal component

I
I
I
I
I
1
5 10 15 20 25 30 day

min

250

240

230

n
40720
40700

40680

40660

Geomagnetic Observatory Panagyurishte

Fig. 2. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for January 2012.
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Quasi-Definitive Hourly Mean Values February 2012
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Fig. 3. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for February 2012.
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Quasi-Definitive Hourly Mean Values March 2012

Horizontal component

|-

23850"
23800
23750
23700

23650

23600

min
260 -

250 +

240 +

230
5 10 15 20 25 30 day

nT
40740 | . |
I I |
40720 | I |
I I |

40700 - ' ’

[
[
[
[
|
[
[
40680 o |
[
|

40660

[

[

[

1

5 10 15 20 25 30 gay
Geomagnetic Observatory Panagyurishte

Fig. 4. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for March 2012.
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Quasi-Definitive Hourly Mean Values April 2012
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Fig. 5. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for April 2012.
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Quasi-Definitive Hourly Mean Values May 2012
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Fig. 6. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for May 2012.
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Quasi-Definitive Hourly Mean Values June 2012
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Fig. 7. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for June 2012.
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Quasi-Definitive Hourly Mean Values July 2012
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Fig. 8. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for July 2012.
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Quasi-Definitive Hourly Mean Values August 2012
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Fig. 9. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for August 2012.
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Quasi-Definitive Hourly Mean Values September 2012
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Fig. 10. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for September 2012.
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Quasi-Definitive Hourly Mean Values October 2012

Haorizontal component

23850"

23800

23750

23700

23650

23600
5 10 15 20 25 30 day

min
260

250 —

240 +

230
5 10 16 20 25 30 day

nT
40780 —
40760 —
40740 -

40720 —
40700 -

40680 -
40660

1
1
1
1
1
0

N - = = 2= — — — —

1

Geomagnetic Observatory Panagyurishte

Fig. 11. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for October 2012.
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Quasi-Definitive Hourly Mean Values November 2012

Harizontal component

238507

23800

23750

23700

23650

23600

min
260 -

240 +

230

n
40780 -
40760
40740 -
40720
40700 ~
40680 —
40660

|
|
|
I
I
i [ [ [
| | [ [
| | [ [
| [ [ [
1 1 | |
0

Geomagnetic Observatory Panagyurishte

Fig. 12. Plot of the hourly mean values of the geomagnetic field components registered in PAG
observatory for November 2012
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Quasi-Definitive Hourly Mean Values December 2012
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Fig. 13. Plot of the hourly mean values of the geomagnetic field components
registered in PAG observatory for December 2012.
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Conclusions

Continuous registration of the geomagnetic field components gives the sum of all
field contributions from the sources internal and external to the Earth. A straightforward
separation of the 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 2012 local geomagnetic activity in the form of 3 hour
K-index is published here, based upon the range of fluctuations in the PAG observatory
traces over 3 h. intervals. Tables shows that 2012 has relatively quiet geomagnetic field.
Monthly variations of the geomagnetic field components are plotted by means of hourly
mean values. Data are checked and verified according to IAGA requirements (Jankowski
and Sucksdorff, 1996).
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Toagumen aoxkiaax 3a HaO/d0AaBaHATA TeOMArHUTHa akTUBHOCT B OOcepBaTopus
ITanaropuine

I1. Tpudonora, M. Metoaues

Pe3iome: [MonacrosiieM, B epara Ha HHTEPHET KOMYHHMKAI[MHTE, 3alUCHTE OT
TE€OMAarHUTHUTE 00CEPBATOPUH CE MPENOCTABIT HA 3aHHTEPECOBAHUTE MOTPEOUTEIH TTOUTH
B peaHO BpeMe, I0KaTo 00paboTeHuTe BpeMeBH ceprr (OKOHYATEIHH JaHHH) ca O0EKT H
aMHOTO TIPOBEPKHM M C€ Pa3MpOCTPaHsIBAT C MeCelr 3aKbCHeHWe. HacTOosIUsIT JOKIan
NpPE/ICTaBs KBa3M-OKOHYATENIHM TEOMAarHWUTHH JaHHM, mnonydyenn B OOcepBatopus
IManartopumie npe3 2012r., u3rorsenu noj ¢popmara Ha JTOKATHA ICOMArHUTHH HHIACKCH H
rpadyki Ha CpEIHOYACOBUTE CTOMHOCTH Ha KOMIIOHEHTUTE HA MArHUTHOTO TIOJIE.
Bepudukanusta Ha JaHHUTE € U3BBPIICHA B ChOTBETCTBHE C M3UCKBaHUATa Ha IAGA.

78 Bulgarian Geophysical Journal, 2012, Vol. 38



Bulgarian Geophysical Journal, 2012, Vol. 38
National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences

LIDAR INVESTIGATIONS OF THE TROPOSPHERE PERFORMED
DURING SUMMER 2011 MEASUREMENT CAMPAIGN
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Abstract. Lidar investigations of the troposphere, made over the city of Sofia from
May to August 2011, are described. Regular EARLINET weekly measurements were
performed in that period as well as everyday lidar observations of the atmosphere
during the eruption of the Grimsvotn Island volcano and during Saharan dust
incursion. Lidar measurements are performed with an aerosol lidar equipped with
Nd:YAG laser. Lidar data are presented in terms of vertical atmospheric backscatter
coefficient profiles and color maps of the aerosol stratification time evolution.
HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) backward
trajectories and DREAM (Dust REgional Atmospheric Model) forecasts are employed
to make conclusions about atmospheric aerosol’s origin. It was concluded that the
atmosphere above Sofia was not polluted with volcanic aerosols ejected during the
Grimsvotn volcano eruptions from 21-28 May 2011. However, thick urban aerosol
layers over Sofia have been registered during the summer months. Reported
experimental examples are extracted from regular lidar investigations of the
atmosphere within the frame of European project EARLINET.

Key words:. lidar, aerosols, clouds, Saharan dust, troposphere.

I ntroduction

Aerosols, very small particles in the air, play an important role in the global
climate changes and influence on the ecological state of the environment. They are a
significant source of direct and indirect effects on the planetary radiative budget.
Atmospheric particles determine the positive or negative radiative forcing in function of its
size, chemical composition, spatial and temporal distribution. The height and size
distributions of aerosols are critical to all climate influences. Atmospheric particles have a
direct radiative forcing because they scatter and absorb solar and infrared radiation in the
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atmosphere. They also alter the formation and precipitation efficiency of liquid-water, ice
and mixed-phase clouds, thereby causing an indirect radiative forcing associated with these
changes in cloud properties. Aerosol-cloud interaction is recognized as one of the key
factors influencing cloud properties and precipitation regimes across local, regional, and
global scales and remains one of the largest uncertainties in understanding and projecting
future changes (J.E. Penner et al., 2001; Guibert, S. et al., 2005; Solomon, S. et al., 2007).

There is a natural aerosol component consisting mostly of soil dust, sea salt,
biogenic and organic matter that is geographically and seasonally variable. Among the
different types of aerosols, Saharan dust is the dominant natural components in the
troposphere (Gian Paolo Gobbi et al., 2000; Perez L. et al., 2008, Sassen K. et al., 2003,
U. Péschl, 2005). Similarly, major volcanic eruptions, which occur infrequently and
presumably randomly, inject large quantities of volcano ash and gases into the atmosphere
at significant heights. Winds can transport the ash and gases rapidly and in multiple
directions which depend on the wind speed and wind direction so that transport is possible
over long distance in just a few hours (Ansman A. et al., 1997; Hansell A. L. et al., 2006;
A. Schreiner et al., 2004; Kelly P. M. et al.,, 1996). There is also an anthropogenic
component that is linked to fossil-fuel and biomass burning, as well as other human
activity. This component has been steadily increasing with global industrialization and
urbanization. In highly populated and industrialized regions and in areas of intense
agricultural burning the aerosol forcing is much stronger than the globally averaged one,
contributing to the global warming. Aerosols, when concentrated near the surface, have
long been recognized as affecting pulmonary function and other aspects of human health
(N. Sabbagh-Kupelwieser et al., 2010; E. Katragkou et al., ZD&&: M. et al., 2006).

Urban air consists of a significant fraction of sub micrometer and ultra fine particles (urban
aerosols, smog), which give a small contribution to the particulate mass, but are said to be
associated with a number of significant negative influences on human health. Smog is a
type of air pollution derived from vehicular emission, internal combustion engines and
industrial fumes. It can be formed in almost any climate where industries or cities release
large amounts of air pollutions. During periods of sunny weather, when the upper air is
warm enough to inhibit vertical circulation in the atmosphere, the smog resides for a
longtime near the ground, over densely populated cities or urban areas and can reach
dangerous levels. Such event is often observed in geologic basins encircled by hills or
mountains.

Aerosol effects on the environment are very hard to quantify due to the fact that
the amount and origin of atmospheric particles vary substantially with location and from
year to years, and in many cases exhibit strong seasonal variations. Extending the principle
of radar to the optical range, lidarlght DetectionAnd Ranging) technology has found use
in many of today’s aerosol investigations. The fast spread of lidars contributes to their
organizing in lidar networks as EARLINET (European Aerosol Research Lidar Network)
(EARLINET:http://www.earlinet.org). At present, 27 lidar stations distributed over Europe
are part of the network. Main result of such cooperation is the establishment of a
quantitative lidar dataset describing the aerosol vertical, horizontal, and temporal
distribution, including its variability on a continental scale. Additional more specific
measurements (on Saharan dust, volcanic ash, forest fire) are also included in the project
work program (Papayannis A. et al., 2008). The joint analysis of lidar observations in
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different locations is a useful approach for better understanding and interpretation of some
regional aerosol events and their influence on the environmental conditions. Bulgarian lidar
station at Sofia (Laser Radar Laboratory of the Institute of electronics, BAS) has been
involved in coordinate regular measurements according to the schedule of the EARLINET
project. Under appropriate weather conditions, we carry out measurements twice a week.
Two night time measurements are performed every Monday and Thursday after sunset,
while daytime measurements are performed every Monday at noon when the Sun is in its
zenith. These times are selected in order to have one daytime measurement at a well-
developed atmospheric planetary boundary layer (PBL) condition, and two observations
with low-background light to monitor the aerosol layer developed during the day. When
special aerosol loading is forecast, the regular schedule of measurements is altered and
more observations are conducted in view of obtaining as full as possible an image of the
vertical distribution and temporal changes of the aerosol field over lidar station. Usually
each lidar measurement lasts for 1-3 hours. The lidar signal is accumulated for 5-10 min
(corresponding to data accumulation of 600-1200 different raw profiles received at each
laser pulse). These profiles are subsequently summarized to cover 30-min time of
observation in conformity with the EARLINET work protocol. During the EARLINET
project, DREAM (Dust REgional Atmospheric Model) is used as one of the forecasting
models to issue early warning of Saharan dust events over Europe
(DREAM:http://www.bsc.es/projects/earthscience/DREAM). DREAM- weather forecast
maps elaborated by Barcelona Supercomputing Senter gives an image of the wind direction
and speed, position of cloud fields and magnitude of dust load in the atmosphere above
North Africa and Europe. Also, information about the origin and path that the air-mass
passed before their arrival over the lidar site we obtain from the HY SPINBrid Single-

Particle Lagrangiarl ntegratedr rajectory) model (Draxler R. et al., 2003; Rolph G., 2011).

It represents a complete system for computing simple air parcel trajectories to complex
dispersion and deposition simulations. The calculations of backward air mass trajectories
give a plot of the road that the air mass traversed for a chosen time period before to arrive
to the location of lidar observations. Both DREAM and HYSPLIT models are freely
available on the Web.

Lidar system and data processing

The Nd:YAG lidar used in the experiments was developed in the Laser Radar
Laboratory (Atanaska D. Deleva et al., 2008; A. Deleva et al., 2010). The radiation source
is a Q-switched frequency-doubled Nd:YAG laser (pulse energy up to 600 mJ at 1064 nm,
80 mJ at 532 nm; pulse duration 15 ns FWHM,; fixed repetition rate 2 Hz; beam divergence
2 mrad). The lidar is mounted on a stable metal coaxial construction allowing reliable
fixing and precise synchronized mutual motion (horizontal and vertical) of both the
telescope and the output laser beam. The radiation backscattered by atmospheric molecules
and aerosols is received by a Cassegrain-type telescope (aperture 35 cm; focal distance 200
cm). The parallel output beam formed by the telescope output optics is passed to a spectrum
analyzer for separation of the incoming optical signals. The main lidar elements defining
the measurement quality of the system are the photo-receiving modules and the unit
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recording the sounding pulses. Each module of Nd:YAG lidar comprises a photo-receiving
sensor, an amplifier, a high-voltage power supply, a 14-bit analog-digital converter (ADC),
and a Hi-Speed 480 MHz USB 2.0 interface for computer connection. Received signals
from the atmosphere are digitized every 100 ns with an ADC, resulting in a 15 m range
resolution (about 7.5 m altitude resolution). Thus, the Nd:YAG lidar measures the temporal
evolution of the aerosol field with high time and height resolution. The data acquisition
software for calculating the atmospheric backscatter coefficient profiles is based on the
widely used Klett-Fernald-Sasano algorithm (J. D. Klet, 1981; F. G. Fernald, 1984; Ya
Sasano et al., 1985). The magnitude of this coefficient value is proportional to the aerosol
density so the retrieved lidar vertical profile illustrates the stratification of the aerosol
loading over the lidar station. We present here the results mainly in terms of vertical
atmospheric backscatter profiles (x-axis represents the value of the calculated atmospheric
backscatter coefficient; y-axis — the altitude above sea level, ASL). The measurement date
and laser sounding wavelength are written over the lidar profile plot. Also in the paper we
include the range-corrected signals (RCS) maps in order to display the temporal evolution
of the aerosol loading of the atmosphere. RCS is produced by subtracting the estimated
background noise from the raw lidar signal and multiplying by the square of the distance to
the backscattering atmospheric sample.

The Nd:YAG lidar is configured in a mono-static biaxial alignment pointing at a
slope angle of 32° with respect to the horizon, as determined by its position in the
laboratory. Thus, although signals from as far as 30 km are being recorded, the maximum
sounding height is limited to 16.4 km. The good parameters of all the laser, telescope,
photo-receiving modules and software make it possible for the Nd:YAG lidar to be utilized
for carrying out fast remote measurements of the atmosphere from 130 m above ground
level (AGL) (approximately 700 m ASL) to the tropopause.

Lidar observations and discussions

In the end of May an alert was distributed to all EARLINET stations because on
21 May 2011 the Iceland’s most active volcano, Grimsvotn, erupted, sending a plume of
ash and steam to about 12-14 km high into the atmosphere and causing disruption to air
travel in North-Western Europe. The eruptions ceased on 28 May 2011. The volcanic ash
propagated quickly in the atmosphere traversing most of European countries. Its trajectories
were forecasted by Navy Aerosol Analysis and Prediction System (NAAPS) (NAAP:
http://www.nrimry.navy.mil/aerosol) and observed by many meteorological stations, to
prevent unintended consequences of the airplane transport. During Grimsvétn eruption all
lidar stations of the EARLINET network performed a large campaign of observations to
identify the location, height and thickness of volcanic aerosols transported in the air over
Europe As a partner in EARLINET project, Sofia lidar station accomplished monitoring of
the atmosphere in the period 26-30 May, regardless that NAAPS didn't forecast that the
atmosphere over Bulgaria will be polluted by volcanic aerosols. The experimental results
from those investigations we describe by the vertical profiles of the atmospheric backscatter
coefficient in Fig.1 and Fig.3. The height of the profiles on Fig.1 was limited to 5-6 km.
because the atmosphere remained clear at higher altitudes and we didn’t register neither
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clouds nor aerosol layers. The decrease of the profile height makes it easier to visualize the
mass stratification of the boundary aerosol layer with thickness of 3-4 km. The aerosol
profiles show relatively large values of the atmospheric backscatter coefficient in the range
of 2-3.10° m’sr* for altitude 1.5-2.5 km. It can be assumed that the reason for this is not
only the higher density of the aerosol particles at that altitude, but also the higher humidity
of the air, as for the days of the investigations Barcelona Supercomuting Center (BSC)
forecasted cloud cover over Bulgaria (the upper part of DREAM maps on Fig.2).
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Fig.1. Lidar monitoring of the atmosphere performed on 26, 27, 29 and 30 June 2011. Atmospheric
backscatter coefficient profiles retrieved on the basis of the lidar measurement data.

Regarding the nature of the particles in the observed thick aerosol layer

immediately above the earth surface we could assume that they are either Saharan dust or
have anthropogenic origin. The Balkans are located in the south-east part of Europe, thus
continental type aerosols are dominant with industrial or transport influences. However,
because they are situated in the eastern Mediterranean basin, the most relevant in the
characterization of aerosol properties is the African-desert dust which distorts the
atmospheric composition. We have to discard the possibility that in the end of May 2011 in
the atmosphere over Sofia there were desert aerosols, because the lower part of the
DREAM maps on Fig.2 and Fig.3 shows that Saharan-dust transport over Bulgaria is not

Fig.2. Forecast maps provided by Barcelona Supercomputing Center (BCS) showing no-Saharan-
dust transport over Bulgaria for the days of lidar observations (26, 27, 29 and 30 June 2011).

The results of the investigation on 28 May are shown on a separate figure (Fig.3).
In that day except for the low-situated stable aerosol layer, observed the whole week above
the city, for a short period (about 1 hour) we registered additionally Cirrus cloud in the
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altitude range 9-11 km. Cirrus clouds are formed in the upper levels of the troposphere at
heights greater than 6 km. As a general rule, Cirrus clouds are thin enough to be transparent
or very close to it, because humidity is low at such high altitudes (Prabhakara C., 1993, S.
Veerabuthiran, 2004; Satyanarayana, M., 2008). Also, Cirrus clouds sometimes have a
short lifetime. The RCS-map (Fig.3.c) illustrates that natural characteristic of theirs. It is
observed that in the beginning of the monitoring Cirrus cloud was practically transparent,
then it became denser, cloud’'s base lowered to about 9 km and after that Cirrus cloud got

totally dissolved.
28 May 2011

o

1064 nm

0+ r . . . ,
0 2d0° 4x10° 6x10° 8x10° 1x10°
Backscatter coefficient [m‘.sr"] o0 wm D e wW w0 W@ W e mR e

b c

Fig.3. Lidar measurement performed on 28 May 2011. Forecast map provided by Barcelona
Supercomputing Center (BCS) showing no-Saharan-dust transport over Bulgaria (a). Backscatter
coefficient profile and RCS-map of the time evolution of the aerosol load (b, c).

The most important conclusion from the described investigations is that the
atmosphere above Sofia was not polluted with volcanic aerosols ejected during the
Grimsvétn eruptions from 21-28 May 2011. However for the whole week of the lidar
investigations the air above the city up to altitude of 3-4 km was continuioaslgd with
aerosols. Those altitudes exceed the maximum top limit of the well developed planetary
boundary layer over Sofia which for summer is estimated tb806 m (Ts. T. Evgenieva
et al., 2009). The planetary boundary layer (PBL) is the lowest layer of the atmosphere,
where practically most of the aerosols originating from human activities are situated. Its top
limit marks the height of the convection process due to the diurnal cycle of warming and
cooling of the Earth surface. The air quality over an urban area depends on the solar
radiation reaching the PBL, local pollution sources and processes of vertical mixing and
advection. Sofia is situated in a valley surrounded by mountains. Sometimes local
meteorological conditions create inversion of the temperature in altitude, which on the other
hand suppresses the air circulation. As neither other source of aerosols, nor dust transport
from Sahara over the Balkans was forecasted in the end of May 2011, our conclusion was
that the smog of human activities and traffic in town caused the observed relatively thick
aerosol aggregation.

Barcelona Supercomputing Center forecasted Saharan dust transport above
Bulgaria for the period 7-9 June, 2011. We performed lidar measurements every day and
we show the results by the atmospheric backscatter profiles on Fig.4. Three profiles are
retrieved each averaged for 30 min interval (corresponding to data accumulation of 3600
different raw profiles received at each laser pulse).
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Fig.4. Atmospheric backscatter coefficient profiles, retrieved on the base of the lidar measurement
data, obtained during Saharan dust incursion above Sofia, 7-9 June, 2011.

We were performing the investigations in the three days at time interval 9-12 AM.
At that time we have registered the stable persistence of aerosol layers above PBL. During
the first two days the layers had a top limit 5-6 km, the center of their mass was about 2.5
km, the concentration of particles above it gradually decreased with altitude increase and
the border of layers with PBL (about 1.5 km) was expressed mildly. On 9 June we
registered change in the aerosol stratification above PBL. The top limit had lowered to 4
km and at that altitude the layer was most dense.
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Fig.5. DREAM-forecast maps (a-c), provided by Barcelona Supercomputing Center (BCS) showing
Saharan-dust incursion over Bulgaria, 7-9 June, 2011. HYSPLIT-model backward trajectories (d-f)

for the days of lidar observations.

With decrease of altitude the concentration of particles decreased sharply and reached its
lowest value just above PBL, where the border between the two layers (at altitude 2 km) is
highly pronounced. We used information provided by DREAM and HYSPLIT models in

order to make conclusions about the origin of the aerosols observed by the lidar. The
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corresponding forecast maps are shown on Fig.5. The DREAM maps (Fig.5.a-c) show that
dense Saharan dust covered the area of Bulgaria. For the measurement days we calculated
HYSPLIT backward trajectories for 100 hrs duration in the altitude range 1.5-6Hen.
black-and-white image makes hard distinguishing the trajectories in altitude, so we will
clarify it in more detail. It is necessary especially for 7 June (Fig.5 d). The trajectories in
the altitude range 1.5-2.5 km (on Fig.5.d is include one of them at 2.5 km only) start over
close to Bulgaria regions, which atmosphere was loaded with Saharan dust. It is visible on
the lower part of the HYSPLIT map that the air masses which during the measurement were
above Sofia at altitude 2.5 km before have moved directly above the Earth surface.
Therefore we infer that the air above Sofia up to height of 2.5 km contained substantial
amount of anthropogenic aerosol and ones emitted by the Earth surface. The higher
calculated trajectories up to 6 km start over African desert regions or near the Sahara
surface illustrated by the included trajectories at 4.8 and 6(kig.5 d) The HYSPLIT
information leads us to the conclusion that the air masses in the upper part (3-5 km) of the
registered aerosol layer consisted mainly of desert aerosols. For the remaining two days (8
and 9 June) it is not necessary to describe the backward trajectories in the altitude range
2.3-5 km because it is obvious that they pass over Sahara desert and across the highly
dusted space over Mediterranean Sea before the end point above Sofia. All information
about aerosol layer origin, its altitude above ground, persistence during lidar observations,
confirmed the conclusion of a long-distance Sahara dust transport above Sofia from 7 to 9
June 2011 in the altitude range 2-5 km, where we most often register desert aerosols

Up to the end of June Bacelona Supercomputing Center didn't forecast other
Saharan dust outbreaks over Bulgaria. But EARLINET community was again mobilized in
the last days of the month because in some lidar stations in Italy and Germany were
registered a layer at 16 km and a weaker layer at about 12 km.
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Fig.6. Forecast maps provided by Barcelona Supercomputing Center (BCS) showing no-Saharan-dust
transport over Bulgaria for 14, 20, 21, 23 and 24 June 2011.
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It was suspected that it is expected development of sulphate particles 3-4 weeks
after the injection of sulphur dioxide from Grimsvétn volcano. The Sofia lidar station
performed monitoring of the atmosphere for the period 20-24 June due to the same reason.
We can say beforehand that those days we didn't register any layers in the upper
troposphere, until again in the enfiMay we observed exceptionally rare aerosol load of
the air above Sofia. We could conclude that it has anthropogenic origin because there is no
information for other sources of aerosols like fires, volcano eruption or desert dust transport
for the end of June. DREAM forecasts (Fig.6) for the days of the lidar monitoring show an
atmosphere free of desert dust over Balkans. On Fig.7 are shown lidar results obtained on
14, 20, 23 and 24 June 2011. We have observed during these days aerosol load above Sofia
up to 3-6 km heights. All the measurements were performed in the interval around noon (9
AM — 13 PM) and only on 23 June there is additional one around Sunset. For that day we
present profiles from the daily as well as from the evening monitoring, because they show
the daily cycle in urban aerosols caused by warming the ground (Massimo Del Guasta,
2002). The solar radiation reaching PBL is the reason for its daily changes from the state of
stable residual layer (about Sunrise) to well developed mixing layer (during noon and
shortly after). When look at Fig.7 it becomes visible that the profiles from the daily
measurements from 20-th (Fig.7.b) and 23-th (Fig.7.d) June have quite similar contours.
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Fig.7. Atmospheric backscatter coefficient profiles retrieved on the basis of the lidar measurement
data obtained on 14, 20, 21, 23 and 24 June 2011.

That leads to the conclusion that the aerosol layers registered during the two days have had
slightly different mass altitude stratification. Taking into consideration that during Summer
both the residual layer as well as the mixing layer over Sofia could raise to 1800 m height
(Ts. T. Evgenieva et al., 2009), then our explanation of the received results is that for both
days we have observed typical for the Summer residual layer with thickness about 1800 m
and above it another one with top limit 4 km and 3.6 km, respectively. As a result of the hot
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weather the fine aerosols could possibly have risen high above PBL the day before and
have stayed there longer as a result of the weaker gravity and the absence of wind.

The comparison of the profiles from the daily (Fig.7.d) and the evening (Fig.7.e)
measurement on 23th June shows that the registered in the morning two clearly defined
layers completely merged, but the top limit of the aerosol load remains constant with value
of 3.6 km. The merging of the layers is caused mainly by the convective processes in PBL.
Every day they start before the Sunset and their intensity during the day depends on the
change of the temperature of the air. The convective and adjective processes in PBL lead to
the mixing of the particles in the layer close to the Earth surface and to the formation of
well defined mixing layer during noon. The remaining profiles on Fig.7 show that on 20, 21
and 24 June we have registered aerosols up to 4-6 km. Besides that in the lower part of the
layers we have calculated high values for the atmospheric backscatter coefficient reaching
2.10° m’sr'. We assumed that it is caused by water vapor flooding of small anthropogenic
paticles during sunrise.

It is disturbing that, similarly to May and June, the thick urban aerosol layers over
Sofia have been also registered during the next warm/hot months. It was imperceptible by
eye, but clearly noticeable for the laser light at 1064 nm wavelength. Some atmospheric
backscatter profiles retrieved from the measurement data obtained in July and August 2011
we present on Fig.9. The investigations were carried out in the morning. The DREAM
maps (Fig.8) show that for the corresponding days there was no Saharan dust transport over
Bulgaria
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Fig.8. Forecast maps provided by Barcelona Supercomputing Center (BCS) showing no-Saharan-dust
transport over Bulgaria for 14, 20-the days of lidar observations.

The lidar profiles on Fig.9 show the unsubstantial difference in the mass
stratification of the registered aerosol layers. The main result of the measurements is that
the atmosphere over Sofia in heights 3.5-4 km have been again loaded with urban aerosols.
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The heat and the lack of winds in the valley, where Sofia is located, caused elevation of the
city smog to such unusual heights.
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Fig.9. Atmospheric backscatter coefficient profiles retrieved on the basis of the lidar measurement
data obtained in July and August 2011. RCS-map of the time evolution of the aerosol load up to
3.5 km observed on 8 August 2011.

The analysis of the data from the separate measurements shows that pollution is
permanently present in the air above the city. As an example of this on Fig.9 we present
RCS-map of the time evolution of the urban load observed on 8 August 2011. RCS-map
illustrates relatively stable atmospheric aerosol stratification and its invariability during the
lidar observation.

Conclusions

Lidar investigations of the atmosphere, performed in the period May-August 2011
are described. The experimental results could be summarized as follows. In the end of May
the air above Sofia was not polluted by volcanic ash ejected during the Grimsvétn eruptions
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(21-28 May 2011). In the period 7-9 June a long-distance Sahara dust transport above Sofia
was detected. The most important conclusion concerning the air quality is that during most
of the hot-month days in 2011 the atmosphere had been persistently loaded by
anthropegenic aerosols at a height of 3.5-4.5 km above the city.
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Jlunapaun w3ciaenBanusi Ha Tpomocdepara, HampaBeHun mpe3 JjsaTHata 2011
H3MepHTeTHA KaMIIaHUS

A. llenesa

Pe3rome. B Ttasm pabora Hue onmcBamMe JHMIapHHM H3CIEABaHMS Ha Tpomocdepara,
HarpaBeHH oT Mai 1o aBryct mecen Ha 2011.TIpe3 To3u mepuon ca M3BHPLIBAHU KaKTO
perymspun  cenmuuan  EARLINET  wu3mepBanust Taka ¥ BCEKMIHEBHU JIMAAPHU
HaOmIOACHUsT Ha aTMocdepaTa moBpeMe Ha uH30yxBaHusTa Ha Grimsvotn BynkaHa B
Ucnanmust n npu npeHoc Ha mpax oT myctuHsATa Caxapa. JIMgapHHMAT MOHHUTOPUHT €
HampaBeH ¢ aeposoieH yupap ¢ NA:YAG mnasep. ExcnepuMeHTanHHTe pe3ynTaTH ca
MPEeICTaBEeHN UYpe3 BEPTUKAIHU MpopmIn Ha KoeduimeHTa Ha oOpaTHO pasceiiBaHe Ha
aTMocdepaTa ¥ LBETHH KapTH Ha BpeMeBaTa EBOJIOLMS Ha acpo3ojHaTa cTpaTudukanus.
3a ja HaIpaBUM M3BOAM 3a MPOM3X0/a Ha YACTHIUTE B PETUCTPUPAHUTE aePO30JIHH CIOCBE
e w3unciassaxme HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory)
obpaTHu TpaekTopuu u wm3mnoasBaxme DREAM (Dust REgional Atmospheric Model)
IPOTHO3UTE 3a IHHUTE HA W3MepBaHMATA. bsixa HampaBeHH H3BOAH, Y€ aTMocdepaTa Hax
Codust He e Omna 3amMbpceHa ¢ BYJIKaHWYHA IENe] IOBpeMe Ha H30yXBaHHATa Ha
Grimsvotneyikana (21-28wmait 2011).Haii-BaxXHOTO 3aKIFOYCHHE, KOSTO € OT 3HAUCHHUE 32
KauecTBOTO Ha BB3Ayxa Haja Codwus, e, 4e mpe3 mpeobiagaBamia 4acT OT JHHATE Ha
ropemute Mecenn npe3 201%r. man rpama no BucounHa 3.5-4.5km armocdepara e Oumia
TpallHO HaTOBapeHa C aHTPOIIOTCHHH aepo3oyid. ONUcaHUTE EKCIEPUMEHTH ca 4YacT OT
peryJsipHHUTE JIMAAPHU M3CIelBaHMs Ha aTMoc(epaTa, KOUTO M3BBPIIBAME B PAMKUTE Ha
EBpomnetickus mpoekt EARLINET.
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DATA AND ANALISIS OF THE EVENTS RECORDED BY NOTSSI IN
2012
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Abstract. A map of epicenters of 1508 earthquakes that occurred during 2012 in the
Balkan Peninsula (sector outlined by latitude3¥’- 47°N and longitude\=19-30°E)

is presented. Expert generalized analysis of the seismicity over the territory of
Bulgaria and its very adjacent lands (with more then 930 localized events) is
proposed. Catalog of earthquakes with magnitude M>2.5 is applied.

Key words. Balkan Peninsula, Bulgaria, seismicity

The present scientific communication contains generalized information on the
results of collection, processing and analysis of the data about the seismic events recorded
by the National Operative Telemetric System for Seismological Information (NOTSSI) in
2012. The expanded information about the realized seismicity is suggested as a natural
generalization and supplementation of the monthly compilations of the preliminary
seismological bulletin of NOTSSI. The analysis and evaluation of the space, time and
energy distribution of the seismicity, periodically been made, open up possibilities for
searching for time correlations with the parameters of different geophysical fields aiming to
find out eventual precursor anomalies.

The recording and space localization of the seismic events in NOTSSI during 2012
is realized by means of the new digital network (Solakov et al., 2005). The routine
processing and acquisition of the initial data is organized in a real time duty regime. The
operations are fulfilled by the authors of this communication. In such a way the main goal
of NOTSSI, namely the seismicity monitoring in order to help the authorities’ and social
reaction in case of earthquakes felt on the territory of the country, is realized. The
computing procedure for determining the parameters of the seismic events is an adaptation
of the widespread product HYPO'71 (Solakov , 1993). The energy parameters of the events
are presented mainly by the magnitude M calculated according to the record’s duration by
the formula (Christoskov and Samardjieva, 1983)
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M =1.92 + 2.72log10.026A

The focal mechanism parameters are obtained by means of a program FOCMEC
(Snoke,2009). The high sensitivity of the seismographs allows recording and processing of
a great number of long distance earthquakes. As a result of the achieved experience in the
authors interpretation work, different magnitude’s lower threshold for successful
determination of local, regional and long distance earthquakes is established: M=1.5 for the
territory of Bulgaria, M=3.0 for the central part of the Balkans, M=5.0 for long distance
events. The precision of the epicenter’s determination is different; except on the distance it
depends also on the specific position of the epicenter in relation to the recording network.
The parameters of seismic events occurring at a distance more than 100-150 km outside the
territory of Bulgaria should be accepted only informatively and cannot be used for
responsible seismotectonic investigation.

Magnitude
o 05-15
© 15-25
O @ 25-35

Fig.1. Map of epicenters in Central Balkans during 2012.

For the period of observations presented in this communication, the primary data
about 2000 local, regional, distant earthquakes and industrial explosions on the territory of
Bulgaria are recorded, classified and processed (as a work bulletin) in NOTSSI. After
comprehensive analysis of the records and application of the above mentioned calculation
procedures it is established that 1508 of all registered earthquakes are in the Balkan
Peninsula region outlined by geographic latitud®-3#7 N and longitude 19- 30 E. The
epicenters of the earthquakes differentiated by magnitude levels are plotted on Fig.1. The
number of the events in the magnitude interval M=0.5-1.9 is 744, in M=2-2.9 - 576, in
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M=3-3.9 - 155, in M=4-4.9 — 33 earthquakes. During this not so active period there are 2
events with magnitude M>5. The maximum magnitude value is M=5.6.

As a whole, the seismic situation in the study part of the Balkans during 2012 is
characterized by not so high activity - 1508 events against 1829 in 2011, 2401 in 2010,
2744 in 2009, 1775 in 2008, and around 1100- 1400 for most of the previous years. The
maximum realized earthquake is with magnitude Ms=5.8 while this value for the previous
years is lower then five, as a rule, except 2011 — M=5.8. It can be noted that the observed
tendency of high increase of the activity compared with the former years is partly due to the
high level of earthquake activation in Marmara sea, Central Greece, Serbia, Romania, and
also due to increase of number of microearthquekes in the territory of Bulgaria.

The strongest event outside Bulgaria during the study period occurred in the region
situated to the south of Marmara sea (Turkey) wit magnitude M=5.3. Shakable effects
because of outside attack (Vranchea source zone in Romania) during the study period
occurred 3 times in north-eastern Bulgaria (intensity 11l in towns of Ruse, Tutrakan and
Silistra).

As a whole, events with M<3.0 which occur outside Bulgaria are difficult to be
localized by the national seismological system; consequently, not all of them have been
marked on the scheme in Fig.1.

Legend

0 2 oF 7 Magnitude
ORCOROROS . o 05-1.
® : : : -~ 15-2.

Fig.2. Map of epicenters in Bulgaria and adjacent lands during 2012

Fig.2 illustrates the seismicity just in the territory of Bulgaria and nearby lgnds (
=41°- 448N, A = 22 - 29E). The earthquakes are differentiated by magnitude intervals.
The seismic stations are also noted in the same figure by triangles. The parameters of
relatively stronger earthquakes are presented in Table 1.

Table 1. List of earthquakes with Mz 2.5 in Bulgaria and adjacent lands during 2012
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Date Time Coordinates H.km M
2012/ 1/ 12 5:37:21.3 41.85 22.86 13 3.0
2012/ 1/ 19 13:41:34.4 4126 2345 5 2.6
2012/ 1/ 20 22:58:42.0 4196 2338 5 3.5
2012/ 1/ 24 5:25:45.7 41.72 2426 8 3.0
2012/ 2/ 9 22:34:40.5 4220 26.27 10 3.2
2012/ 2/ 9 22:37:20.6 4218 26.29 8 2.6
2012/ 2/ 12 23:8:46.9 42.68 23.27 15 2.6
2012/ 2/ 29 15: 1:48.2 43.65 27.38 12 2.8
2012/ 3/ 23 11: 2:34.9 41.34 2283 7 2.6
2012/ 3/ 30 20:48:33.6 4267 26.30 4 3.9
2012/ 4/ 8 15:27:12.7 4219 2522 2 2.5
2012/ 5/ 1 19:11:23.0 4191 2328 2 2.8
2012/ 5/ 4 13:20: 0.1 43.07 2210 1 3.2
2012/ 5/ 7 12:44:14.2 41.82 22.02 15 2.5
2012/ 5/ 10 22:40:29.1 4138 25.72 9 3.1
2012/ 5/ 12 7:32:4.0 4136 2281 2 2.7
2012/ 5/ 15 17:30:1.2 41.46 28.02 2 3.2
2012/ 5/ 18 2:50:14.4 4192 2326 2 2.6
2012/ 5/ 20 0: 0:32.5 4258 23.00 9 5.6
2012/ 5/ 22 0: 4:52.6 4258 2297 8 3.9
2012/ 5/ 22 0:15:5.0 4255 23.15 13 2.5
2012/ 5/ 22 0:16:53.1 4256 23.09 13 3.0
2012/ 5/ 22 0:23:35.4 4256 23.06 11 2.9
2012/ 5/ 22 0:43:47.3 4258 23.05 10 3.4
2012/ 5/ 22 0:49:24.5 4257 23.04 9 2.7
2012/ 5/ 22 0:55:57.5 4256 23.07 10 2.9
2012/ 5/ 22 1:30:50.6 4258 23.01 9 4.4
2012/ 5/ 22 1:34:30.5 4253 23.09 10 3.0
2012/ 5/ 22 1:37:21.9 4254 2312 12 2.9
2012/ 5/ 22 12: 4:59.1 4233 23.06 2 2.8
2012/ 5/ 22 16:26:12.4 4258 23.06 15 2.6
2012/ 5/ 22 17:7:41.5 4258 23.03 15 3.3
2012/ 5/ 22 19:52:35.2 4259 23.03 15 2.9
2012/ 5/ 22 2:11: 6.3 42.60 2297 12 3.2
2012/ 5/ 22 2:13:28.3 4257 23.05 5 4.1
2012/ 5/ 22 3:23:26.9 42.40 23.42 2 2.9
2012/ 5/ 22 3:41:36.0 4258 23.02 7 2.8
2012/ 5/ 22 4: 9:58.5 4257 23.04 2 3.2
2012/ 5/ 22 4:29:11.5 4258 23.08 15 3.1
2012/ 5/ 23 10:57:25.1 4254 2311 11 3.0
2012/ 5/ 23 11:41:8.3 4256 23.02 2 3.1
2012/ 5/ 23 13:31:32.4 4258 23.03 15 2.6
2012/ 5/ 23 21:59:14.8 4256 23.10 10 3.7
2012/ 5/ 24 22:49:5.7 4257 23.00 4 2.5
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2012/ 11/ 28 15:32:52.3 41.31 2240 12 3.4
2012/ 11/ 29 23:52:21.7 4191 2325 6 2.5
2012/ 12/ 2 20:11:31.7 43.02 2792 13 3.0
2012/ 12/ 3 18:58:39.4 43.46 28.67 15 4.1
2012/ 12/ 6 7:28:35.1 41.38 2251 9 2.6
2012/ 12/ 10 16:58:29.0 43.46 27.88 15 2.7
2012/ 12/ 15 15:43:37.1 4129 2278 2 2.6
2012/ 12/ 23 20:31:16.4 4133 2262 2 2.6

On the territory of Bulgaria relatively low activity of earthquakes is observed
during 2012: — only 932 events are observed, against 1205 in 2011, 1607 in 2010, 2017 in
2009 and 1079 in 2008. The earthquakes of a magnitude higher than 3.0 are in normal
amount — 35 events compared with an averaged number of about 20-30 for most of the all
previous years (exception is 2009 with 147 events because of the aftershocks of Valandovo
M=5.2 earthquake.).

The maximum realized magnitude is Ms=5.8 (Mw=5.6) in the region of Pernik
which is the highest earthquake, in comparison with the maximum magnitude in the course
of previous years. The strongest Bulgarian event during 2012 occurs on 22 May and caused
macroseismic effects with intensity of VII-VIII degree of MSC scale in the town of Pernik
— close to Bulgarian capital Sofia. During the first day the main shock is followed by more
then 30 events with maximum M=4.4, causing moderate damages in a wide area including
the main city. According to the calculations of the national seismological centre the depth
of the event is about 10 km. The epicentres of the shocks are in an area which was
relatively silent for the last 100 years. The relatively short duration and low frequency of
the aftershock sequence of this event does not increase significantly the relatively low
number of all seismic events in Bulgarian territory during 2012.

As usual, the largest concentration of the epicenters in the other regions of
Bulgarian territory during 2012 is marked in the southwestern part of the investigated
region (presented in Fig.2). The Kroupnik seismic source is known with the strongest
crustal earthquakes in Europe (M=7.8, 7.1) for the last 160 years. In 2012 about 50 events
of M<3.0 and only 3 of M3.0 occurred in this region. The strongest felt earthquake for the
south-western part of Bulgarian territory is with magnitude M=3.5, it is felt on 20 January
in Razlog region (southern slopes of Rila mountain) by intensity of Ill - IV degree of MSC
scale.

The other Bulgarian seismic sources in 2012 are relatively not so active than
during the previous years. They produced not more than 15 earthquakes affecting different
localities in this country by intensity of up to IV-V degrees of MSC scale. The maximum
number of felt earthquakes is occurred around the Monastery uplift. About four cases of
magnitudes less than 3.0 aroused shocks of intensity three or a bit more are felt in
Monastery Highland territories. The maximum event with M=4.1 in Black sea caused V
degree of MSC scale on 03 December in Shabla region (north-eastern Black sea cost). A
strong event M=3.9 in the neighbor region of Sliven town caused effects of IV-V degree of
MSC. A relatively so much significant seismic impact is associated with the Velingrad
earthquake source zone in the Rhodopean region, where an event with magnitude M=3.6
shook the city of Velingrad with intensity of IV-V degree of MSC on 03 June. In the rest
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part of the Bulgarian territory the felt events caused excitation of lesser intensity during
2012,

= A CrapHea: ewite = (ACTVEY oEE

Strike= -40 Dip= 40 Rake=-6 OWER HEMI
OBLQNORM,

2012-05-22
00:00 GMT

Fig.3. Focal plane solution of the strongest Pernik earthquake (22.05.2012, 00:00 GMT)

For the determination of the earthquake mechanism the program FOCMEC is
used. Input data are the polarities of the P wave. Twenty three first motion polarities data
from seismological stations in Bulgaria and surrounding area taken from NOTSSI and ISC
databasefip://www.orfeus-eu.org/pub/data/continuous /2Q1#tk included in the double -
couple focal mechanism - Fig.3. The solution is displayed on lower hemisphere. The
polarities from ISC are check as waveform. The strike, dip and rake are determined in
accuracy up to 10 degree. The earthquake is characterized as a normal faulting, with very
small strike-slip component. The fault plane solutions of the some other events are with
very bad quality because of a low number of polarities.

407
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Fig.4. Magnitude - frequency distribution of the earthquakes

A detailed analysis of seismicity in the individual seismic zones is hard to be
fulfilled because of the insufficient quantity of events and the narrow magnitude range of
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the earthquakes. The joint statistics of all the events in Fig.2 characterize predominantly the
seismicity parameters of the southwestern part of the territory under investigation.

The magnitude-frequency distribution for the entire data set is presented in Fig.4.
The number of localized events increases with the magnitude decreasing>%or 1
event, M= 4.0-4.5 is 5 events, M=3.5-3.9 is 7 events, for M=3.0-3.4 is 25 events, for
M=2.5-2.9 - 59, for M=2.0-2.4 - 218 and so on. The abrupt diminishing of the number of
earthquakes in the first two intervals (M<1.5) in Fig.4 determines also the registration
power of the seismic stations network.

0 4 + + — = +
0-5. 6-10. 11-15. 16.-20. 2125 25.-30 3138

Depth

Fig.5. Depth - frequency distribution of the earthquakes

Taking the latter into account, it can be supposed that the magnitude sample for levels with
M > 1.5 is comparatively closer to the reality for the bigger part of the Bulgarian territory.

6,0

Depth

Fig.6. Magnitude - depth dependence

The picture of the depth distribution in Fig.5 shows that the majority of events
occur down to 15 km depth. The number of events does not decreas smoothly with increase
of the depth. It is possible the established predominating depth (from 0 to 5 km) to be also
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due to the presence of small number of unidentified industrial explosions. In the same time
the number of events in the interval 11-15 km is bigger. The magnitude distribution of the
events in depth (Fig.6) permits to note some differentiation of depth "floors" with the
increase of magnitude - the maximums can be traced out for the depth interval from 4 to 15
km. It is remarkable that the strongest events are not deep situated and the maximal event is
associated with 9 km depth.

Fig.7. Time distribution of the earthquakes.

Fig.7 illustrates the distribution of seismicity in time according to the number of
events per months. The biggest earthquake’s amount is displayed in May, when more then
150 earthquakes occurred, and it is associated with aftershock activity of 22May maximal
earthquake. The lowest earthquake quantity is in January - February, around 50 events. The
energy release suggests that the period May - August, when the relatively short aftershock
sequence in Pernik region occurred, is the time with maximum of energy release. Local
maximum of events is observed in October, when about 90 earthquakes occurred.

Additionally, about 900 distant earthquakes have been recorded in the period
under study, as well as more than 800 industrial explosions, processed and classified in the
preliminary monthly bulletins. In order to identify the artificial seismic sources the
methodical approach described by Deneva et al. (1988) and some information about the
quarry sites in Bulgaria have been used.

Acknowledgements: The authors owe their gratitude to the engineering staff for
the perfect software and hardware ensuring of NOTSSI.
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JIaHHU W aHAJIM3 HA ceu3MUYHHTE chouTHs perucrpupanu ot HOTCCH npes 2012

E.bores, B.IIporononosa, N.ITomoea, bi.badaukosa, C.Bemmukosa, U.1loHuesa,
IIn.PaiixoBa , Bi.boitues, J[.J1azapos

Pe3tome. Ilpemnaranoro HaydHO CchOOIIeHHE ChABpXka o0000mEeHa wuHQopManms 3a
pesynratuTe OT CchOMpaHeTo, 00paboTKaTa W aHaIW3a Ha IIHPBUYHATE JaHHW 3a
CeM3MHUYHHUTE CBHOUTHA, peructpupanu ot Hanwmonamnarta OneparuBHa Tenemerpuuna
Cucrema 3a Censmosnoruuna Mupopmarms (HOTCCHU) npes 2012r. IIpencrasena e kapra
Ha enuieHTpuTre Ha 00mo 1508 3emerpecenuss B yacTra OT BalKaHCKHS IOJYOCTPOB,
orpanmndeHa ot reorpadceka mupuna 37° - 47° N u xemkuna 19° - 3¢ E. Ho-moapo6Ho ce
AHATM3MPA CEM3MUYHOCTTA 33 TePUTOpHsTa Ha Bhirapus u mpuiekamure i 3emu (IoBede
ot 930 cemsmuunn crGuTHs B paiion ¢ koopmurata A= 22 - 2FE u ¢ =41° - 44.5N).
[pennara ce u KaTaJor Ha 3eMeTpeceHus1Ta ¢ MaruuTya M>2,5. Cen3aMoreHHHUTE MPOSIBH Ce
00CHKIAT TI0 30HH, CPABHEHH ChC ChCEHU TIEPUOIH BPEME.
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