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ABSTRACT

We analyze a series of data in the ultra-low frequency (ULF) range of geomagnetic
variations, which are collected from search coil instrument and acquisition system at
Panagyuriste, Geomagnetic Observatory (PAG), Bulgaria, a part of South European
Geomagnetic Array (SEGMA, http://sole-terra.aquila.infn.it/it/), and data for seismic
noise collected at three Bulgarian seismic stations (VTS, RZN and KDZ part of National
Operative Telemetric System for Seismological Information) and three Turkish seismic
stations (GOM, KULA and ALAN, https://www.orfeus-eu.org). The analyzed time
period begins at 01 December 2019 and lasts till 31 January 2020.

DFA (detrended fluctuation analysis) scaling characteristics for two different time scales
(10 — 180 sec. and 10 — 900 sec.), Hurst exponent and the coherence of the geomagnetic
and seismic signals are determined and discussed. Wavelet analysis is applied to calculate
and identify the dynamical behavior of the coherence of the width of singularity spectrum
and of Hurst exponent for the vertical seismic components and the three geomagnetic
components variations. We observe an unusual behavior in all investigated parameters,
which appears since the 22-nd of December 2019 till the end of January 2020 and two
other periods (22-24 December 2019 and 10-12 January 2020) with unusual low levels
for DFA exponent which appears for the vertical (Z) component of the geomagnetic field
variations.

Based on the results obtained, we assume that such behavior of the studied parameters is
not accidental and are most probably related to natural phenomena.

Keywords: ULF, geomagnetic variations, seismic noise, synchronization

INTRODUCTION

Understanding the relationship between the parameters of different geophysical fields and
the seismic noise is still an open question nowadays. Various cases of unusual behavior
at groundwater level [1], radon emissions, change in the total electron content [2] in
ionosphere over the seismic zones and atmospheric anomalies [3], electromagnetic
anomalies, etc. have been described in the scientific literature. Many authors [4] has
studied the possible connection between Earth’s magnetic field in different frequency
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Summary

The authors of the presented work aim to present a project for future work in the field of electromagnetic
geophysical methods for applying ULF/ELF electromagnetic emissions measurements as a health and life quality
factor.

The sources of ULF and ELF are various and could be classified as outer and internal in respect the place of
generation. The outer, generally, are geomagnetic pulsations, the Schuman resonance, thunderbird activities
having at all global character. The outer sources are due to natural magneto telluric currents generated in globe
core, or a product of artificial radar work of humans reaching tens of MW of power. The level of ULF and ELF
variations is an important parameter that directly influences the live cells metabolism.

The expected results are:

Development of indexing methodology of the ULF/ELF variation

Comparison between the traditional indexations and the proposed one

Elaboration of a practical evaluation scale having direct impact on the human’s health and the live quality
Development of a measuring system for extending existing one

Informing the public with adequate information as a media announces, workshop etc. about the nature, the benefits
and the level of damage caused by these radiation, especially of the ULF/ELF diapason.

10" Congress of the Balkan Geophysical Society
18-22 September 2019, Albena Resort, Bulgaria
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Abstract

We used molecular dynamics simulations based on a potential model, in analogy
to the tight binding scheme in the second moment approximation, to simulate
the effects of aluminium icosahedral grains (dispersoids) on the structure and
the mechanical properties of an aluminium matrix. First we validated our model
by calculating several thermodynamic properties referring to the bulk Al case
and we found good agreement with available experimental and theoretical data.
Afterwards, we simulated Al systems containing Al clusters of various sizes.
We found that the structure of the Al matrix is affected by the presence of
the dispersoids resulting in well ordered domains of different symmetries that
were identified using suitable Voronoi analysis. In addition, we found that the
increase of the grain size has a negative effect on the mechanical properties of
the nanocomposite as manifested by the lowering of the calculated bulk moduli.
The obtained results are in line with available experimental data.

1. Introduction

Nanostructuring is usually used to improve the mechanical properties of bulk (coarse-grained)
metals and alloys. In this context, structures in the nanometre range as precipitates, different
phases or dislocations arrays are introduced into the materials. The reduction of grain size
down to the nanometre regime has opened new and fascinating avenues for research in several
aspects of materials science. Nanocrystalline materials are believed to exhibit quite different
responses under irradiation environments compared to coarser-grained materials. From a

1 Permanent address: Institute of Solid State Physics, 72 Tzarigradsko Chaussée, 1784 Sofia, Bulgaria.
2 Permanent address: Geophysical Institute, Academy G Bonchev street, block 3, 1113 Sofia, Bulgaria.
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ABSTRACT

We analyze the micro-seismic noise recorded at five seismic stations — DEC, DJJ, FMP,
MWC and RPV. They operate within CI: Southern California Seismic Network

(SCSN), USA. The data set is collected from 01 July 2018 till 31 July 2019 and all
seismic events with a magnitude Mw<4 are excluded.

Our main goal is to find the effects of seismic noise synchronization between different
seismic stations using data relevant to the vertical seismic components.

The width of the multifractal spectrum, the spectral exponent and Hurst exponent are
determined, analyzed and discussed. About 150 days before Ridgecrest earthquake
M7.1, the onset of low-frequency synchronization between all analyzed seismic stations
is observed, rising to high frequencies as the earthquake approaches. Also a stable level
of increasing coherence is observed which begins 70 days before the earthquake
happened and remains at a relatively high level until the earthquake. There is an unusual
and extremely increasing of Hurst and the spectral exponents 50 days before the
earthquake.

Our study is an independent confirmation of scientific results obtained by other authors.
Keywords: earthquake, multifractal spectrum, coherence, seismic network

INTRODUCTION

This article is aimed at finding and investigating periodic oscillations and
synchronization effects in seismic records occurring before earthquakes. A prerequisite
for such studies is the assumption that in the metastable lithosphere, immediately before
earthquakes, its own periodic oscillations occurs or they are "selectively”" amplified by
external sources, furthermore, a collective behavior of the microseismic field begins.
[1,2, 11].

In order to find the effects of field synchronization, the measure of record coherence
was initially evaluated after transitioning to 30 seconds sampling (after averaging 1200
times the output at a sampling rate of 40 Hz) in a relatively small time window of 28
days. The transition from the output microseismisms to the study of parameter variation
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ABSTRACT

The study of the dynamic behavior of the Earth’s magnetic field and its interaction with
the Solar wind is an important for better understanding of the processes in the
magnetosphere and on the surface of the Earth’s ground. This dynamic system is created
due to solar-terrestrial interactions. The effects on the variations of the magnetic field
induced by geomagnetic storms are strongly dependent on the local time and the
latitude.

Our goal is to study of the spectral characteristics of the ULF geomagnetic field
variations with moderate geomagnetic activity conditions. The data sets for the ULF
geomagnetic field variations, recorded at Geomagnetic Observatory Panagjuriste,
Bulgaria, for the Bz component of the IMF (Interplanetary Magnetic Field) and for the
Kp index value are analyzed. Applying Morlet wavelet analysis over time intervals with
duration of four hours, the dynamic spectra of the geomagnetic field variations were
obtained for three days: 16 July 2017, 31 August 2017 and 20 April 2018.

Original results of the geomagnetic field variations over different time scales are
obtained. These are disturbed by moderate geomagnetic activity over all time scales.
The disturbances are compared by the time of their occurrence and periods of
manifestation.

It is found that all disturbances behave in a similar way along the three days. The
geomagnetic variations over time scales 150-700 seconds (in Pc5 range) are strongly
affected by the geomagnetic storms. They are related with energy transfer from the solar
wind to the magnetosphere and many factors connected with magnetosphere-ionosphere
system interactions.

For time scales smaller than 150 seconds (in Pc2-Pc4 range) these type of disturbances
in the ULF geomagnetic field variations behave differently on 31 August 2017 for the
time intervals 00-03UT, 12-15UT and 20-23UT, where in contrast to the same intervals
of the other days, they appear predominantly with time scales smaller than 150 seconds:
10-45 seconds, 45-150 seconds and 25-75 seconds.

Keywords: ULF geomagnetic variations, moderate geomagnetic activity, Wavelet
analysis
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ABSTRACT

The spectral characteristics of the ULF waves (ImHz -1Hz) provide useful information
about the conditions in the solar wind and in the magnetosphere.

A series of geomagnetic field variations data are collected by the tri-axial search-coil
instrument and acquisition system located at Panagjuriste, Geomagnetic Observatory
(PAG), Bulgaria and other series of data are collected from two different instruments
located at Conrad Observatory (WIC), Austria and Ebro Observatory (EBR), Spain,
which operate within INTERMAGNET - the global network of geomagnetic
observatories.

We analyze the time series corresponding to the period 00 - 01 UT (02-03 LT) on 29
December 2020. To determine the spectral characteristics of observed geomagnetic
pulsations, we apply the autocorrelation analysis to obtain the autocorrelation function
and the power spectra, as well as Morlet wavelet analysis of the considered time series.

Pulsations with an amplitude modulation period of about 15 min. (~900 s.) and main
periods at 84, 75 and 68 seconds are determined. The specific spectral characteristics of
these pulsations are obtained on the basis of the Morlet dynamic spectra. They show
continuous ULF pulsations represented in four wave “packets” of sinusoidal oscillations
with varying periods from 30 seconds till 115 seconds and main periods at 84 s., 75 s. and
68 seconds.

We conclude that the recorded pulsations at Geomagnetic Observatory Panagjuriste,
Bulgaria, located at mid latitudes, on 29 December 2020 during the time interval 00-01
UT are continuous ULF pulsations within the range Pc4 (45-150 seconds). Similar ULF
continuous pulsations in the Pc4 range, with similar power spectra during the same time
are observed both at Ebro and Conrad Observatories.

Keywords: ULF, pulsations, geomagnetic field, Panagjuriste

INTRODUCTION

The solar wind and processes in the Earth’s magnetosphere due to external and internal
sources produce ULF (ultra-low frequency) waves in the frequency band ~1 mHz to ~
1Hz, which can be recorded in the magnetosphere and on the ground as continuous
pulsations (Pc) and irregular pulsations (Pi). These waves were reported for the first time
in 1757. So far these complex phenomena have extensively investigated [1].

ULF waves originate in different regions of the magnetosphere and they differ by their
associated periods, polarization structure, waveforms, spatial structure, etc. Investigation
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Abstract

We apply detrended fluctuation analysis (DFA) on fluxgate and
search-coil data in ULF range (scales 10-90 s or 0.1-0.011 Hz) for the
months January-April 2009 available from the South European GeoMag-
netic Array stations: Castello Tesino (CST), Ranchio (RNC), and
L’Aquila (AQU) in Italy; Nagycenk (NCK) in Hungary; and Panagy-
uriste (PAG) in Bulgaria. DFA is a data processing method that allows
for the detection of scaling behaviors in observational time series even in
the presence of non-stationarities. The A and Z magnetic field compo-
nents at night hours (00-03 UT, 01-04 LT) and their variations at the sta-
tions CST, AQU, NCK, and PAG have been examined and their scaling
characteristics are analyzed depending on geomagnetic and local condi-
tions. As expected, the scaling exponents are found to increase when the
Kp index increases, indicating a good correlation with geomagnetic ac-
tivity. The scaling exponent reveals also local changes (at L’Aquila),
which include an increase for the Z (vertical) component, followed by
a considerable decrease for the X (horizontal) component in the midst of
February 2009. Attempts are made to explain this unique feature with
artificial and/or natural sources including the enhanced earthquake
activity in the months January-April 2009 at the L’ Aquila district.

Key words: detrended fluctuation analysis (DFA), magnetic field data,
ultra low frequency (ULF), pulse activity, polarization, earthquake.

© 2012 Institute of Geophysics, Polish Academy of Sciences



Section Applied & Environmental Geophysics

EARTHQUAKE EFFECTS RECORDED ON MAGNETOGRAM - WHERE,
WHEN AND WHY

Assoc. Prof. Dr. Petya Trifonova
Assoc. Prof. Dr. Liliya Dimitrova
Assist. Prof. Dr. Metodi Metodiev
Assist. Prof. Dr. Maria Chamati
Assist. Prof. Dr. Plamena Raykova

National Institute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences,
Bulgaria

ABSTRACT

Records of the magnetometers responding to the effects of big earthquakes were noticed
more than a hundred years ago. Even then began to dispute what caused these effects:
mechanical vibrations of instruments or electric or magnetic oscillations generated by
the earthquakes. In Panagjurishte (PAG) observatory we have great opportunity to shed
light on this issue because we have four important instruments installed on the site -
three different types of magnetometers and one seismometer.

Three large earthquakes with magnitude Mw >6 happened recently in the Balkan
Peninsula. These are the events of: 30 October 2020 with moment magnitude M, 6.9
located in the offshore region north of Samos Island, Greece; 29 December 2020 My, 6.2
earthquake occurred in Petrinja (Croatia) and 3 March 2021 My 6.3 earthquake which
hit the northeastern part of the Thessaly basin (Greece). The energy released was
enough to give us data for investigation.

In our research we compare the recorded signals of all instruments. It is shown that a
magnetic torque is introduced by the pendulum swing of the FGE suspended sensors.
This instrument may in fact be used in some places as a seismometer of ultra-low
sensitivity. But even though we expected to find some small amplitude signals from real
electromagnetic waves generated by the earthquakes. It doesn’t happen however either
because these effects were too small to be observed against the background of
geomagnetic noise or they are really missing due to the great distance from the
epicenters or the electrical properties of the earth section under the site.

Keywords: earthquakes, magnetic records, noise identification, raw data, PAG
observatory

INTRODUCTION

Continuous magnetic records which are performed in geomagnetic observatories
contain the signals from the Earth’s magnetic field but also very often there is noise,
which is result of some sources not associated with natural variations of that
phenomenon. Sometimes the digital data show “mysterious” errors, which are not easy
to detect and correct without an independent source These could be due to electronic
failure or artificial man made origin. In addition, however, in practice of observatory
measurements, a presence of seismomagnetic effect is also possible, when we observe
oscillations in the magnetometer’s data. These oscillations arise when a seismic wave
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Effects of a strong thunderstorm on the ULF geomagnetic field variations
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SUMMARY

On 24 May 2018, a severe thunderstorm, bringing rain and hail, occurred at Panagjurishte Geomagnetic
Observatory, Bulgaria, lasted for a few hours.

The data sets of geomagnetic field variations in ULF range, recorded by the acquisition system of tri-
axial induction magnetometer sampled at 1 Hz are analyzed and the results are discussed. Morlet
wavelet analysis over time scales 1-2000 s for the X (north-south direction), Y (east-west direction) and
Z (down direction) components is performed. The Power spectra for the few hours before and after the
beginning of the thunderstorm along the Z component are obtained. They mark powerful disturbances
during and after the storm with periodicity in time scales 500-1350 s.

It is found that the influence of the strong thunderstorm on the geomagnetic variations along the three
directions is significant. The time behavior of the three geomagnetic components shows that the strong
lightning at 10:25 UT affects the absolute value of the Z component, unlike X and Y components values
over fifteen hours. The induced voltage by the atmospheric electric current system in the Z component
is about 5 Volt.

11" Congress of the BALKAN GEOPHYSICAL SOCIETY — Bucharest 2021
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ABSTRACT

The study of ultra-low frequency (ULF) waves and geomagnetic pulsations plays an
important role in better understanding the mechanisms of their generation and spread in
the magnetosphere and on the ground. The magnetospheric ULF waves, which provide
useful information about the conditions in the solar wind and in the magnetosphere, can
be detected on the ground by different types of magnetometers and recorded as
geomagnetic pulsations — continuous and irregular. This paper aims to study the
characteristics of Pc5 geomagnetic continuous pulsations recorded at mid latitudes during
the strong geomagnetic storm (Kp =7) that occurred on May 12, 2021. The sets of time
series of data at sampling period 1s, recorded along the three geomagnetic directions (X,
Y and Z), are shown and analyzed. A spectral analysis, based on the Morlet Wavelet
transform, is applied. It shows powerful geomagnetic disturbances in the Pc5 band (1.7-
6.7 mHz) in two time intervals: 00-02 UTC- before the beginning of the storm and 10-15
UTC- during the storm. Furthermore, the Fast Fourier Transform (FFT) band pass filter
is applied to the data series, and Pc5 pulsations are shown. It was concluded that their
emergence was correlated with the dynamics of changes in the interplanetary magnetic
field (IMF) Bz component, solar wind plasma speed, and flow dynamic pressure.

Keywords: ULF, pulsations, geomagnetic storm, Panagjuriste
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ABSTRACT

Magnetospheric pulsations and the mechanisms underlying their generation are topics
under active studies. The Pc5 (f =1.7-6.7 mHz) geomagnetic continuous pulsations,
recorded at mid latitudes (L =1.6) during December 2019, with a low level of
geomagnetic activity, are analyzed and discussed in this paper. The data sets of the series
on geomagnetic field variations recorded at Panagjuriste Geomagnetic Observatory in
Bulgaria are analyzed. The spectral characteristics of the pulsations were determined by
Continuous Wavelet Analysis (CWT). It is demonstrated that Pc5 pulsation activity
appears with all ranges of periods (140-600s) on December 6, 8, and 18, 2019, at time
intervals of 02-17 UTC, 14-20 UTC, and 00-16 UTC, respectively. Then, the solar wind
(SW) plasma speed, the flow dynamic pressure, and the geomagnetic index Kp are
computed for every case of recorded Pc5 pulsations. It is suggested that recorded
continuous pulsations in the Pc5 range are due to step-like or sudden increases in solar
wind oscillations and variations of the flow dynamic pressure, which precede the
appearance of pulsations and drive compressional magnetic field variations in the
magnetosphere.

Keywords: Pc5 pulsations, geomagnetic field, spectral characteristics



EAGE

BGS2019-GM3.2-N31P3

M. Chamati*, E. Botev?

! National Institute of Geophysics, Geodesy and Geography - BAS

Summary

We apply the detrended fluctuation analysis (DFA) to the geomagnetic field data set collected from 14 till 31 May
2016 by the equipment at Panagyuriste Observatory, Bulgaria and calculate DFA exponent and its temporal
evolution in different time scales (10-180 s, 10-900 s). Performing this analysis we obtain useful information
about long range correlations of time series and about the global and the local variations of the geomagnetic field
in the ULF range. It is found that an unusual behavior of the DFA exponent is observed only for the vertical (Z)
geomagnetic component on 19.05.2016. We assume that this unusual behaviors of the scaling exponent and the
fluctuation function in time scale 10-900 s may be due to lithospheric source.

10" Congress of the Balkan Geophysical Society
18-22 September 2019, Albena Resort, Bulgaria
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: potgnt{als,

: bee . Apstmct - An‘appqratys for monitoring of electratelluric field variations in the ULF diapason that has
~-been.put'in operation in seismic station "Krupnik” (SW Buigaria) is presented. Sensors, measuring. scheme,

the: principal electronic blocks of the apparatus is depicted. The work is illustrated with data for seismic

¢ rjc signal (SES) recorded in Novembsr 2004.

Yeon

EcrectsennTe enextpudeckn noTeHUNany 1 TOKOBE B 3eMHaTa Kopa ca cnegcrave
CREKTPOXUMUYHN U MEXaHUYNK NPOLECH, NPOTMYALUM B HESl, U Ha WHRYKTAPaHW
KTPUMECKM TOKOBE OT Npouecw, npoTMYaWW B ONU3KM A0 Hes oBnactTh Ha
I03GMHOTO  NPOCTPEHCTEO. YCNOBHO W3MEPBanuTe CWrHant MoraT ga 6boat
EIeH NO YECTOTeH NPU3HAK HA KBA3MCTATUUHW BaPUALIMK HA 3EMHUA enekTpuyeH
Hiuan (3EN) u enexrpuuecky ULF curHanu, naMepsasy Ha seMHaTa noBbLPXHocT. 3a
€ABaHE Ha ecTecTBeHUTe reodusNIHI NONETa W TENYPUUHNTE TOKOBE B npunoxHara
nka [1] ce npunarat metopu Ha M3CHeAsaHe, OCHOBAHWK Ha namepsase Ha
ManuTe no 3eMHaTa NOBLPXHOCT U MAarHvTHN U3MEPBAHUR [2,3,4,5].

302

./ galvanic disconnection solution, and acquisition system integrated in PC are fully considered. Realisation of

MpobnemMu Npu KOHCTPYMPaAHETO Ha MIMepBaTeriHaTa cucTemMa

Metogukata Ha  EKCNEPUMEHTA MU3NCKBA eHOBPEMEHHO v3MepRaHe Ha
MHOYUMpaHUTE B 3eMHaTa nosbpxHocT ULF enexrpuuecku curnanu, 3EM u sapuayuure
H& 3EeMHOTO MarkuTHO none. Tlpu ToBa ce W3MepsaT OWQEPeHLMANnHC MHOIC HUMCKM
BNEKTPUYECKA HANPEXEHUA OT ranBaHu4HW, BKONaHA B 3BMHaTa MOBBLPXHOCT CEH30pM,
Pa3HECEHM Ha IHEWMTERNHYK PA3CTONHNA OT N3MepsaTenHaTa u perucTpupaia anaparypa,
KOWUTG Ca NO-HACKA CTORHOCTW OT CMYLIBALLMTE ENEKTPUMECKA W MarHuTHu noners,
fIOPOAEHN NPEAMMHO OT BHTPONOIEHHN N3TONHALW.
o 3a na uvINBLAHY  OCHOBHUTE CW  PYHKUWM, B CbCTaBa Ha U3IMEPBATENHO-
pericTpapauia anapatypa TpabBa ga “Ma MMKPONPOUECOPHa CHUCTEMa Wil NepcoHanen
KOMMOTLE, Heotxoanmu  3a  yudposaHe, BU3yanulauus, HaTpynsade, 3anic  u
ChXpaHeHWE Ha [avHATE, OT KOWTO TE Nepuoau.uHo 4a ce wWa3snv4at 3a obpabotka u
WHTEDNpeTaumMs, CaMVAT KOMIIOTBP Wik MUKPONDOUBCOPHA CHCTEMA € UBTOYHMK Ha
CMYLUEHWUS!, CBLIECTBEHO TO-fOfleMW OT u3MepBaHMTe curHanu. 3a uvsmepsaHe Ha
noTexUWany no 3eMHaTa NOBBLPXHOCT, & HeoOXOOMMO U3MEepBaTenHaTa 4acT Aa Hama
ranBaHu4Ha BPB3Ka C KOMAIOTHPA. :
: Teau komnnekcHn npobnemu He MoraT fAa Cce pelar uypes CTaHfapTHW
namepsartentun cpefcTea. TOBa Hanara Cb3nasaHeTo Ha CNeunanusnpal naMepsaTenHo-
pericTpupatl) KOMNNEKC, B KOWTO 4a ce peanusnpar BCuYKn nauckeaxus [9]

Mpeanaraxo pewexue
CTpykTypaTa Ha paspaboTeHaTta n3MepsaresiHa CHCTEMa ce CbCToU OT:

: 1. OcHO8EH KOMMOMBP, OT KOWTO Upes MoAeMHa Bpb3ka npe3 TenedOoHH unu
pajuonuHun 1a e MA3aToMBa nepuoanuHo MHd)opM:-muma, C‘bﬁMpaHa ¥ HaTpynBaHa OoT
HSIKONKO M3MepBaTenHy KOMMMEeKCa, PasnofnoXeHn B npefsapuTesnHo u3bpaHu nyHkTose
33 npoBexzaHe Ha uameppaHusita. B ceuyue komnioTbp ce obpaborsa nonyuasanara
vuHdopMaums u ynpasnasa HatpynsaHaTta 6a3a oT faHHu; .

2. CneyuanusupaHu u3mMepeamenHo-pesucmpupawju xomnnexcu (go 16
6pon), B KOWTO € CbCPeAoTOMEeHO CbOUpaHeTo, HavYanHo HaTpynsaHe, NepuoaUuNHO
naTousaHe ¥ BU3yanusauus Ha cxbupanara uHcopmanmus.

' Mlopo6ra cucrema Moxe pJna Ovae wu3aNbfHeHa, ako B CbCTasa W vma
CreinansupaHa MUKPONPOUECOPHA CucTemMa WhRM KoMNoTep. 3a paspaboTeade Ha
eLmanusnpatia MUKDONPOLIECOPHa CUCTEMa v Chb3gasaHe Ha nporpamHo ofesnevasaqe
3a Hest e HeoDxoAVMMOC 3aKkynyBaHe Ha pasBoiiHa cucTeMa W NPOorpamHo ycurypssaHe 3a
130paHus Mukponpouecop. Teaw pa3xoan ce pefyumpart, ako ,ce u3nonssa CraHaapTeH
NepcoHaneH KOMMOTLP, Ko#uto paboru kaTo passonHa cucrtema Ha cefe cu.
3paboTeHUAT M3MEpBATENHO - PEerucTpupally KOMMMeKC Ce CbCTOU OT CeHsopw,
aHanoroB MoAyn, W CTaHOapTeH nepcoHaneH KOMNIOTLbP, NPK ransasuyecka passpbaka

Mexay Tax. Herosara cTpykrypata e npeacraseHa Ha ¢ur. 1.

AHanoros
ekTpraIeckn| MOLYE (AM)
Raopu —
raNBaHKyH | 1BM PC ?Saz {pammo
pasBpb3ka W 20 rencdionna
. M untepdeiic| | RS ] ¥EHAL
[ FaEn po 22 [&—f monemf———"
—/

dur. 1. CTpyKTypa Ha U3MepBaTenHo-perucTprpaL) Komnnexe
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Abstract The earthquake zone of the Kresna-Krupnik region (Bulgaria) is the most dangerous one
found in the Balkan peninsula. In 1904 two earthquakes of magnitudes 7.2 and 7.8 have been occurred
within 20 minutes interval. The second one was considered as the strongest that struck in the last 200-300
years the continental part of Europe. This earthquake zone is the most active in released seismic energy for
the last 15 years, as well. Due to these characteristics the Kresna-Krupnik earthquake zone is an object of
active investigations, including electromagnetic ULF continuous measurements of possible forerunners. A
specialized measuring system is designed, installed, and set up that works in the seismic station “Krupnik”
for more that 2 years.

The system is aimed toward measurements of geoelectric potentials and ultra-low-frequency electric
and magnetic fields, induced by processes both in the magnetosphere-ionosphere and in the lithosphere.
The primary goals of these measurements are a study and monitoring of both the natural electromagnetic
field variations and the geoelectric potential anomalous changes associated with seimic activity.

Data for the local seismic activity provided by NOTSSI, GPhl are collected. The seismic information for
all registered local earthquakes is processed statistically in several parameters — spatial distribution,
magnitude, depth and earthquake moments. The information of electromagnetic field measurements is
included in order to look for possible relationships between the seismic events and the dynamical variations
in the electromagnetic field characteristics — frequency spectrum, amplitude, etc. The goal is to answer to the
main question: is there an earthquake electromagnetic forerunners and how we can register them.

Introduction

Earthquake events occurred in the Kresna-Krupnik area (South_West Bulgaria) and
their characteristics are under study in this paper. The time interval under consideration is
from the beginning of 2004, when the first regular measurements of the ultra low frequency
(ULF) electro-magnetic variations have been put. Among earthquakes in this region of 1 by
1 geographical degrees, the strongest ones, with M=7.2 and 7.8 within interval of only 20
min have been occurred on April 4, 1904. Those events have been caused macro seismic
effects in the epicentral area, reaching X-th degree on the MSK. The quakes have been
followed by the whole spectrum of secondary events, that is typical for earthquakes of that
magnitude [1]. The second earthquake (of M7.8) appears as the strongest tremor in the
continental Europe in the last 200-300 years. The same region, known as Kresna-Krupnik
area even today releases the highest level of seismic energy in Bulgaria [2]. These are the
main factors that have directed us in our selection for the investigation of possible electro-
magnetic precursors. Over 700 week earthquakes have occurred in last few months and
they are presented on Fig 1. The registration is done on the NOTSSI network and
earthquakes within magnitude interval M < 1.0 up to M > 3.5 — Fig. 2 are selected. The
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APPLICATION OF DFA METHOD TO MAGNETIC FIELD DATA
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Abstract. The detrended fluctuation analysis (DFA) is a method for determining
the statistical self-affinity of a signal in stochastic processes and time series
analysis. It is very useful in revealing the extent of long-range correlations in
time. We apply this method to the analysis of magnetic field data (ULF
frequency range) from SEGMA array — a network of magnetic stations
geographically located in Italy, Hungary and Bulgaria. We study the behavior of
the DFA index, which characterizes the long-range correlations in magnetic field
data series over a time period from June 2004 till February 2005. The DFA
scaling exponent for each station is computed for two different time scales: 10-
180 s and 10-900 s. Our results show both regional trends and local
peculiarities of the DFA index. The regional trends are obviously associated
with geomagnetic activity (Kp index). The local peculiarities (at a single
station) can be produced by multiple sources, may be processes of similar
characteristics of limited extent either in the atmosphere/ionosphere system or in
the lithosphere.

Keywords: geomagnetic activity, DFA method, SEGMA array.

1. Introduction

Ultra low frequency (ULF) signals may be produced as a result of the
interplay of different signals, such as natural signals emanating from solar-
terrestrial interaction, lithosphere or artificially generated (industrial noise,
disturbances emitted from measurement equipment). In many cases ULF emissions
are associated to magnetospheric origin (Masci 2010). To identify the source of
ULF emissions associated to the variations of the geomagnetic field different
methods (Telesca & Lapenna 2005), such as fractal (Gotoh et al. 1999; Masashi
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SHORT TITLE: WHAT WE CAN LEARN FROM THE L’AQUILA EARTHQUAKE
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Abstract. This study presents a further analysis of magnetic field pulses in the
ULF range data around the 2009 A, 6.3 L’Aquila earthquake (EQ). Dynamics
in the pulse polarization is evidenced and a possible correspondence with
seismic anisotropy dynamics is questioned. The polarization of intense pulses
observed on 18 March 2009 is interpreted as a short-duration current body
beneath the Earth surface, oriented nearly along the main fault/slip of the 2009
L’Aquila EQ. Comparison of variations with characteristic time exceeding 24
hrs applied on local and distant magnetic field data (at L’Aquila and
Panagyurishte — Bulgaria, respectively) does not, however, reveal long-duration
trends possibly associated with EQ preparation processes.

Keywords: earthquake processes; seismic anisotropy; earthquake precursors;
geomagnetic field variations; dichotomous pulses; current-carrying body; lightning
activity

1. Introduction

According to the BlackSeaHazNet project under Maria Curie (FP7) program
(see http://stardust.inme bas.bg BlackSeaHazNet/), the main purpose is to create
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Abstract. Recently a preliminary analysis of the magnetic field observations
performed at L’Aquila preceding the April 6, 2009 earthquake has been
performed (Villante et al, 2010). A possible occurrence of features as i) an
increase in the noise background and/or polarization parameter (i.e. the ratio
between the amplitude/power of the vertical component and that one of the
horizontal component), ii) changing characteristics of the slope of the power
spectrum and fractal dimension, and iii) occurrence of short duration pulses have
been looked for two years back. It was concluded that the expected ULF
disturbances related to earthquakes (if any) are generally weak and sophisticated
signal processing methods and a lot of experience are required to evaluate the
source of ULF emissions observed at ground. In this report we apply detrended
fluctuation analysis (DFA) analysis on fluxgate and search-coil data in ULF
range (periods 10-90 sec) for months January-April 2009 available from
SEGMA array (Italy, Hungary, Austria and Bulgaria). Remind DFA is a data
processing method that allows for the detection of scaling behaviors in
observational time series even in the presence of non-stationarities. H and Z
magnetic field components at night hours (00-03 UT, 01-04 LT) and their
variations at stations AQU, CST, NCK and PAG have been examined and their
scaling properties are analyzed depending on geomagnetic and local conditions.
As it is expected, the DFA scaling exponents increase when Kp index increases,
indicating a good correlation with geomagnetic activity. DFA scaling exponent
reveals also local changes —such as a considerable decrease for the H component
at AQU station observed in the midst of February. A malfunction of the fluxgate
magnetometer at Aquila has been checked up and excluded. Attempts to explain
thoroughly this unique feature with artificial and/or natural sources including the
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enhanced earthquake activity occurred in months January-April 2009 at Aquila
district are made.

Keywords: magnetic field, DFA scaling exponent, fluctuation function, earthquake,

1. Introduction

Magnetic field data and especially those of 1 second resolutions, are well
exploited toward searching any seismogenic signatures preceding incoming
earthquakes (EQ). Magnetic field variations in the ULF range (0.003-3 Hz) have
been studied around series of strong earthquakes and subsequently underwent
hot debates about their authenticity and reliability. Performing ULF observations
many authors have applied standard and elaborated signal processing methods to
magnetic field data to possibly extract seismogenic electromagnetic ULF
emission (Fraser-Smith et al., 1990; Molchanov et al., 2002; Kopytenko et al.,
2004; Hayakawa et al., 1996; Hayakawa et al., 2007).

In this paper we draw attention to magnetic field data measurements around
the Mw6.3 L’Aquila earthquake occurred on 6 April 2009 in Central Italy. Our
preliminary results based solely on magnetic field data at L’ Aquila observation
did not reveal reliable signatures to be associated with the earthquake (see
Villante et al, 2010). The only exception was an appearance of intense spikes of
~1 nT magnitude registered 19 days prior to EQ main shock. The next step is to
use all SEGMA magnetic field data collected at the five observatories and
stations. Remind that the SEGMA observatories are L’Aquila (AQU), Ranchio
(RNC), Castello Tesino (CST), in Italy, Nagycenk (NCK), Hungary,
Panagyurishte (PAG), Bulgaria which are evaluated in the frame of this work.
Stations Ranchio (RNC), Castello Tesino (CST) and Nagycenk (NCK) are
equipped with only fluxgate magnetometers developed at the Space Research
Institute of the Austrian Academy of Sciences Graz. The observatories L’ Aquila,
Italy and Panagyurishte, Bulgaria are equipped both with fluxgate and searchcoil
magnetometers.

At the beginning the instrumental characteristics of the magnetometers are
described. The CHIMAG fluxgate magnetometer was originally developed at the
Space Research Institute of the Austrian Academy of Sciences Graz, to
investigate magnetic pulsations in the ULF range. The vital parameters of the
high temporal resolution 3-axes fluxgate magnetometer are the measurement
range of +/- 512 nT, the compensation field of 60000 nT in X and Z and +/-
30000 nT in Y direction. The accuracy is 8 pT at a temporal resolution of 1 Hz,
derived from the highest possible sampling frequency of 64 Hz. The 3-axes
magnetometer measures in X (positive Northward), Y (positive Eastward) and Z
(positive towards the centre of the Earth) direction. The CHIMAG
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Geomagnetic disturbances observed at Panagyuriste (PAG) station, Bulgaria on 7-8" of September
2017 during the geomagnetic storm
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Abstract

We report results on the impact of the geomagnetic storm observed on 7-8-th of September 2017 on the geomagnetic field
variations in ULF range. We apply FFT filter and spectral analysis on the search-coil geomagnetic data variations (X, Y, Z
directions). We obtain the signal distribution at different frequency ranges and dynamical spectra are built. The results reveals
that at geomagnetic coordinates 37.02N/ 97.24E and geographic coordinates 42.51N/24.18E the magnitude of pulsations in Pc5
and Pc4 range are more powerful and robust than Pc3, Pc2 and Pcl range.

I'eoMmarHuTHU cMylIeHMs, HA0I0IABAHM 10 BpeMe Ha MarHuTHaTa 0yps ot /-8 centemBpu 2017r. B
cranuus [lanaropume (PAG)

Mapusa Llamamu

HammonaneH HHCTUTYT 1o reopusmKa, reoqe3us u reorpadus, benrapcka akagemus Ha Haykute, Codus 1113, bearapus,
mariachamati@gmail.com

Kn104oBM AyMH: T€OMarHUTHO 10JIe, TeOMarHUTHU ITyJICalliy, CIEKTpalieH aHaim3, cTaHnus [lanartopuie

Pesrome

JokmanBaHu ca pe3ynTaTd OT BIMSHHCTO Ha MarHWTHaTta Oyps, HaOmomaBaHa Ha 7-8 cemremBpu 2017r. B reoMarHuTHa
obcepBaropus ,,[laHartopuine’, BbpXy Bapuanuure Ha MarHuTHOTO moie B ULF nuamazon. Bepxy mammute 3a X, Y u Z
KOMITOHEHTHUTE, TMoiy4eHH oT search-coil marauromersp, e mpunoxkeH FFT ¢GunTep M € M3BBpPIICH CIEKTpalieH aHAIM3.
HamepeHo e pasmpezneneHHETO Ha CHTHAlA B PAa3iMYHM YECTOTHH HHTEPBAIM M Ca IOCTPOCHH IUHAMHYHHUTE CIIEKTPH.
Pesynrarure mokasBar, 4e Ha reoMarHUTHH KoopawHatu 37.02N/ 97.24E u reorpadckm koopamHatm 42.51N/24.18E,
myJicanuuTe B Auana3zona Pc5-Pc4 ca scHO u3pas3eHn u ¢ MHOTO MO-TOJIIMa MOIITHOCT OT Te3u B Pc3-Pcl nnamasona.

Introduction

The investigation of different geophysical fields’ parameters as a part of system Lithosphere - Atmosphere-
lonosphere is important to study their interactions. Geomagnetic field variations provide useful information on the
behavior of other geophysical fields. Many authors (Fraser-Smith, 2009; Karakelian et al., 2002; Parrot et al., 2016;
Parrot and Ouzounov, 2011; Villante et al., 2014, 2004) study potential connections between solar activity,
magnetospheric - ionospheric disturbances, ocean temperature, anthropogenic noise and lithospheric processes.
Other authors study ULF pulsations and their latitudinal distribution (Bortnik et al., 2007, 2008b; Marin et al., 2014)
in particular long period pulsations which were first detected by Stewart (1861) and categorized as Pc5 oscillations
by Jacobs et al. (1964). Geomagnetic micropulsations provide useful information about near-Earth plasma and
physical/geophysical interaction fields (Chamati et al., 2011; El-Eraki et al., 2014; Roldugin and Roldugin, 2008).
Many of the ULF waves and micropulsations seen at the Earth’s surface originate outside the magnetosphere: the
solar wind, the magnetopause, the ion foreshock, the bow shock and probably the lithosphere. Geomagnetic
disturbances/pulsations are not always connected with magnetosphere/ionosphere processes and their origin is a
subject of extensive research (Chamati et al., 2009; Nenovski et al., 2013). Studying their spatial distribution,
frequency characteristics, polarization characteristics and correlation with phases of storm, the diagnostic of the
space conditions and conductivity structure of the Earth may be achieved (McPherron, 2005).

The geomagnetic storm on 7-8" of September 2017 was the strongest in the solar cycle 24 during the solar
minimum due to solar flares with unusually high intensity and/or extremely high energy coronal mass ejections
(CMEs). It was characterized by two Dst-index minima and can be considered as a sequence of two storms: the first
- with Dstmin=-142nT at 02 UT on September 8th and the second - with Dstmin=-122nT and at 15 UT on
September 8th (Blagoveshchensky and Sergeeva, 2018).

Here we report the results about ULF geomagnetic pulsation and in particular with periods 150-600s (0.002 — 0.007
Hz) and 45-150s (0.007 — 0.022 Hz) observed in the initial phase and during the magnetic storm at the Geomagnetic
Observatory Panagyuriste, Bulgaria. The estimated local K-indices are presented in Table 1.
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Abstract. A tri-axial search-coil magnetometer system, a part of SEGMA Array (South
European Geomagnetic Array), operates since 2003 at the Geomagnetic Observatory
Panagjurishte, Bulgaria. It is designated to measure and collect data for the Earth’s
magnetic field variations, specific geomagnetic events and long-term study of ULF sig-
nals. These observations provide information on the dynamical processes in the Earth’s
magnetosphere, geomagnetic micro-pulsations, fluctuations and storms. Here, we ob-
tained results related to three powerful geomagnetic storms recorded by the search-coil
magnetometer during the years 2017-2018. Furthermore, we presented the dynamical
spectra in the ULF range of each storm.

Key words: ULF variations, search-coil magnetometer, geomagnetic storm, Panagju-
rishte.

Introduction

The study of the ULF spectrum (0.001-10 Hz) of the Earth’s magnetic field, its local
fractal structures, spectral and polarization characteristics are important for the identifi-
cation of the causes of the associated disturbances. In the last two decades, the analysis
of the ULF spectrum of magnetic field is particularly relevant, as it is believed that ULF
emissions are likely to be generated directly from the area of preparation of geodynamic
processes (Fraser-Smith, 2009; Molchanov et al., 2011). In most of all reported cases of
such emissions, recorded by ground-based measurements, these are signals that are not
of lithospheric origin, but are related to the interaction of the solar wind with the Earth’s
magnetosphere. These processes, which have a magnetospheric origin, are recorded on
the Earth and together with the ionospheric and local ones, form the electromagnetic
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Abstract. The geomagnetic disturbances caused by the geomagnetic storm on 12 Oc-
tober 2021 — class G1 increasing to G2 are investigated. The data set, recorded at 1s
sampling rate at the Geomagnetic Observatory Panagjuriste, Bulgaria, along the X and
Y components of the geomagnetic field variations, are analyzed. The time evolution of
the ULF variations, the local and the global geomagnetic K-indices and the dynamical
spectra in the ULF range are presented. It is found that spectral characteristics before
10 UT along the two geomagnetic components have similarities in term of the time of
occurrence, the time scale and power. After 10 UT, the results show radical differences
in the manifestations of disturbance in the two geomagnetic components in terms of the
time scales in which they occur.

Key words: ULF variations, spectral properties, geomagnetic storm, Panagjuriste.

Introduction

Many parameters that characterize different geophysical fields (Earths magneto-
sphere, ionosphere, atmosphere and lithosphere) are used and analyzed to identify a pos-
sible source of disturbances of ultra-low frequency (ULF) field variations (Chamati and
Botev, 2019; McPherron, 2005; Nenovski et al., 2013; Regi et al., 2014; Villante and
Vellante, 1998). These variations, recorded by the different types of magnetometers on
the ground and in the Space provide very useful information about the Sun and magne-
tosphere/ionosphere processes (Blagoveshchensky and Sergeeva, 2018; Borovsky, 2020;
Chamati, M., 2018). Many centers for scientific information collecting geophysical data
include in their database information of ULF observation such as National Geoinfor-
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Abstract. On 27-28 September 2017 at Geomagnetic Observatory Panagjuriste (PAG),
Bulgaria the geomagnetic storm - class G2 increasing to G3 was observed. It caused
disturbances over the ultra-low frequency (ULF) geomagnetic field variations. The time
series of the collected data along the X (north-south), the Y (east-west) and Z (vertical)
directions are analyzed. Trough Morlet wavelet analysis the dynamic spectra for the X
and the Y components are obtained. They show disturbances strongly corresponding
with geomagnetic activity and covers all investigated time scales (1-600s). The two
most powerful interferences are recorded on 28 September- 09UTC and 21UTC- along
the Y component which strongly correspond with Kp index, but not with local K index.
They don’t appear along the other two components. It is found that during the time in-
terval 00-03UTC on 28 September the pulsations are recorded along the X component
with periodicity that covers time scales 40-110s and main period about 85s, and they
are most likely related to injections of energetic plasma.

Key words: ULF variations, spectral properties, geomagnetic storm, Panagjuriste.

Introduction

The geomagnetic field variations, in particular ULF variations, recorded by the dif-
ferent types of magnetometers provide very useful information about the Sun and magne-
tosphere/ionosphere processes (Blagoveshchensky and Sergeeva, 2018; Borovsky, 2020;
Chamati, M., 2018). Many centers for scientific information collecting geophysical data,
such as National Geoinformation Center include in their database information on differ-
ent geophysical fields (Miloshev et al., 2019) as well as information about geomagnetic
field elements (Metodiev and Trifonova, 2020).
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INVESTIGATION OF THE ULF GEOMAGNETIC NOISE RECORDED ON
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Abstract. On May 1%, 2020, at the Geomagnetic Observatory in Panagjurishte,
Bulgaria, the unusual ultra-low frequency (ULF) geomagnetic noise was recorded by a
tri-axial (X, Y, and Z directions) induction magnetometer. The time series from April
1, 2020 till May 1, 2020 are examined. Applying the detrended fluctuation analysis
(DFA), the DFA exponent is calculated for the time series along the three geomagnetic
directions, and the results show an unusual decrease in values of the DFA exponent in
time scales 10-180s and 10-900s that starts after April 29, 2020. Through Magnitude-
Squared Coherence analysis, the correlation and phases between every two
geomagnetic components are obtained for the time series on May 1, 2020, under very
low geomagnetic activity levels. The high values of the coherence and phase full sync
for the X and Z components are observed, in the time period 04:00-20:00 UTC, at a
frequency range 0.125-0.25 mHz. The present study does not rule out that the
considered disturbances have a lithospheric origin.

Key words: ULF geomagnetic variations, DFA analysis, Magnitude-Squared
Coherence, Panagjurishte.
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Abstract. The geomagnetic storm class G3 was recorded on November 3-4, 2021 on
the ground-based magnetometers. Using time series of the data corresponding to the
horizontal geomagnetic component, the spectral characteristics in the ULF range for the
data collected at Panagjurishte (Bulgaria) and Conrad (Austria) observatories are
obtained. To obtain the degree of correlation between the X and the Y components at
both stations the coherence analysis is used. It was found that the X components have
a very high degree of correlation for the entire studied period in the frequency range
0.03125-16 mHz and are fully synchronous in phase. The Y components have
significant differences in phase and values of coherence for different frequency ranges.
The dynamic spectra depict similar behavior along the X and Y components during the
storm. The geomagnetic variations at both observatories were affected at different time
scales. The main difference is that the spectral characteristics appear on time scales
200-400s, where disturbances appear simultaneously along the X component at
Panagjurishte and along the Y component at Conrad.
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Disturbances in the geomagnetic field recorded on February 6, 2023
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Abstract

Data on the variations of the geomagnetic field from three geomagnetic observatories: PAG (Bulgaria), PEG (Greece),
and WIC (Austria), along with the solar wind parameters, and the Interplanetary Magnetic Field (Bz) recorded in the
period February 5-6, 2023, are analyzed. Through performing spectral and comparison analyses, two types of
disturbances are found. The first type manifests itself as an ultra-low-frequency wave (in the spectrum of Pc3-4
pulsations) in the horizontal components of all three stations. It starts at 00:52 UTC and lasts about 25 minutes. It
represents a global phenomenon caused by changes in the values of the parameters of the solar wind. The second type
occurs locally (at PAG Station) only in the east-west component of the magnetic vector. This is expressed in a smooth
increase in its values as well as sharp peaks for the time interval 1:30—7:30 UTC. This is likely related to post-seismic
effects in the geomagnetic field as a result of the great earthquake in the Republic of Turkey on February 6, 2023, with a
magnitude of 7.8.

CMmylieHnsi B reOMarHUTHOTO 1oJie, 3anucanu Ha 06.02.2023
Mapusa Lllamamu
Hannonanes HHCTHTYT 10 Teodu3nKa, reoae3ust u reorpadus, briarapcka akagemus Ha Haykure, mchamati@geophys.bas.bg

KirouoBu xymu: reomarautHo none, cmymenus, ULF, cniekrpanen ananms

Pesrome

AHanu3upaHy ca aHHM 32 BapHAllMUTE Ha TEOMAarHUTHOTO TIOJe, 3allMCaHd B mepuona 5-6 ¢erpyapu 2023r. B TpH
reomarautHu obcepBaropun- PAG (boarapusi), PEG (I'spums) u WIC (ABctpust). Criel IpHIaraHeTo Ha CHEKTpaieH
aHAM3 M CpaBHJABaHE C IIapaMeTpPHTE HA CIBHYEBHA BITHP, W3MEHEHHETO B CTOMHOCTUTE Ha BapHaIHUTE
MeXIymianeTHOTO MarautHo mose (Bz), ca mamepenu aBa Tuma cmymierus. [IbpBUST THI ce MPOsIBSBA KaTO yiTpa-
HHCKOYECTOTHA BbJIHA (B crieKTbpa Ha PC3-4 myncanuuTe) B XOPU30HTAIHUTE KOMIIOHEHTH U Ha TPUTE cTaHuuu. Mma
nayvaso B 00:52UTC u npoabKUTETHOCT OKOJIO 25 MuUHYTH. [IpeicTaBsiia riio0aaHo sBICHHE, TIOPOACHO OT H3MCHEHUS
B CTOMHOCTHTE HA MapaMeTPUTE Ha CIBHUYEBUS BATHP. Bropwst THm ce mposssiBa gokamHo (cranmms PAG) camo B
KOMIIOHEHTaTa M3TOK-3alaj] Ha MarHUTHUS BEKTOp. [3pa3sBa ce B INIaBHO IOBHUILIEHHE HAa CTOWHOCTHUTE ¥, KAaKTO U B
pe3ku nukoBe 3a gacoBus mHTepBan 1:30 - 7:30 UTC u He e M3KIIOYEHO Ja € CBBbp3aH C IMOCT-CEM3MUYHU e(peKTH B
CJIEJICTBHE Ha TOIIMOTO 3eMeTpeceHue B Pemyonmka Typaus ot 6.02.2023 ¢ marautryx M=7.8.

Introduction

Disturbances in the geomagnetic field in terms of their origin can generally be divided into those of
magnetospheric-ionospheric origin, those of intra-terrestrial origin (Li et al., 2019) and disturbances caused by
human activity (Villante et al., 2014). The first one is mainly due to the interaction between the solar wind
(SW) - fully ionized plasma, and the magnetosphere of the Earth (Némecek et al., 2020). The Alfven waves
are magnetic waves that can transfer energy from the surface of the Sun into the solar wind (Gosling et al.,
2009). The SW parameters that usually affect the magnetosphere-ionosphere system are for instance the SW
plasma speed, the dynamic pressure, the magnetic-field strength, the number density, and other (Borovsky,
2020). There many papers that investigate disturbances in the geomagnetic variations recorded during the
geomagnetic storms and during the quiet periods (Chamati, 2022; Chamati and Andonov, 2022; Dahal et al.,
2022; Dai et al., 2015; Lakhina and Tsurutani, 2021; Menk, 1988).

In this paper, the two types of geomagnetic disturbances recorded at 1 s resolution on February 5-6, 2023, by
three geomagnetic observatories (Panagjurishte (PAG), Bulgaria, Conrad Observatory (WIC), Austria, and
Pedeli (PEG), Greece are analyzed and discussed.

Results and discussion
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