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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 calculat-
ed 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, Pa-
nagjurishte.

Introduction

ULF variations of the geomagnetic field are an integral part of studying the interre-
lationships in the magnetosphere, ionosphere, atmosphere, and lithosphere systems.

The National Geoinformation Center (NIGGG, BAS) (Miloshev et al., 2019) col-
lects various types of geo-information data, which are linked with many natural phenom-
ena for example the geomagnetic storms, sub-storms and ULF pulsations (Blagovesh-
chensky and Sergeeva, 2018; Borovsky, 2020; Chamati, 2020; Chamati and Andonov,
2021; Nose et al., 1998), lithospheric geodynamic processes (Aleksandrova et al., 2021;
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Oynakov et al., 2021a, 2021b; Popova et al., 2021; Trifonova et al., 2021), geomagnetic
field elements (Metodiev and Trifonova, 2020) the air quality, the climate and etc.

The interactions between the lithosphere and the magnetosphere systems are poorly
investigated despite the numerous scientific studies in the field. An unsolved problem is
whether there is a direct or indirect relationship between earthquakes and the disturbanc-
es/variations in the Earth’s magnetic field. The main task here lies in separating the differ-
ent types of disturbances based on their origin. In order to be able to give at least a partial
answer to the question of the previously mentioned connections, a good knowledge of
the subject area and systematic studies of different types of geo-parameters are required.

For example, many authors have conducted research on this topic, linking it with
hard-to-explain peculiar geomagnetic field disturbances (Alperovich et al., 2003; Anag-
nostopoulos, 2021; Fraser-Smith, 2009; Gotoh et al., 2003; Nenovski et al., 2013), total
electron content (TEC) in the ionosphere (Akhoondzadeh, 2012; Zhao and Hao, 2015),
ground water level (He and Singh, 2019) and many other parameters.

Data set

A tri-axial induction magnetometer operates in the Geomagnetic Observatory Pa-
nagjurishte, Bulgaria (42.51N/24.18E) as part of an acquisition system that records origi-
nal data sets for the ULF geomagnetic field variations associated with X (north-south), Y
(east-west), and Z (down/vertical) directions. They are sampled at 100 Hz and organized
in files with a duration of one hour. With the aid of software packages, it performs verifi-
cations on the data files and converts them into data files, sampled at 1 Hz.

The data sets for the values of the local K index (Metodiev, M. and Trifonova, P.,
2021) were downloaded from: http://www.niggg.bas.bg/observatories-bg/geomagnetic-
observatory-pag/%D0%BB%D0%BE%D0%BA%D0%B0%D0%BB%D0%BD%D0
%B8-%D0%BA-%D0%B8%D0%BD%D0%B4%D0%B5%D0%BA%D1%81%D0
%B8/

Methods

The detrended fluctuation analysis (DFA) (Peng et al., 1995) over the time series of
geomagnetic field variations is applied. This method is very helpful for determining long-
range correlations in time series over various time scales. Moreover, Wavelet coherence
is used as a measure of correlation between two time series that contain data for geomag-
netic field variations and is based on Matlab software.

Results and discussion

On May 1, 2020, the Geomagnetic Observatory in Panagjurishte recorded an un-
usual “noise” in ULF variations of the geomagnetic field (Figure 1). They are mainly
manifested along the vertical direction, which starts at about 03 UTC and lasts almost
until the end of the day.
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Figure 1. ULF variations along the X, the Y and the Z components on May 1, 2020.

Figure 2 shows the values of the local K index (Metodiev, M. and Trifonova, P.,
2021) calculated for the Geomagnetic Observatory Panagjurishte on May 1, 2020. The
values vary between 0 and 2, which indicate a very low level of geomagnetic activity. The
values of the planetary K index have the same values.
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Figure 2. K index, May 1, 2020, Panagjurishte, Bulgaria

Next, the DFA is applied to a time series with recorded data along the three main di-
rections (X, Y, and Z) of the ULF geomagnetic field variations. The analysis is performed
for the time period April 1, 2020, to May 1, 2020. For each geomagnetic component, for
the time scales 10-180s and 10-900s, the DFA exponent is calculated. The results are pre-
sented in Figure 3. On the first panel, the DFA exponent calculated for the Z component is
shown. Comparison with values of DFA index for the X and the Y components pointed to
a decrease of values of DFA exponent (Z component) after April 29, 2020. This decrease
of the values indicates that correlations in time series weakened and its self-affinity is
changed. The reasons for this decrease in DFA can be due to perturbations with sources in
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the Earth’s magnetosphere, ionosphere, lithosphere, or anthropogenic. The fact that they
are predominantly observed in the vertical component of the magnetic field, these vari-
ations strengthens the hypothesis that the sources are most likely of either lithospheric,
anthropogenic, or mixed origin. To shed some light on the issue of “noise” observed of
the vertical component in the time series of data for May 1, 2020, the magnitude-squared
coherence, as a measure of correlation between two signals based on wavelet analysis,
was obtained.
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Figure 3. The DFA exponent calculated in time scales 10-180s and 10-900s for the Z, X and Y
components, Panagjurishte, 21.04.2020-01.05.2020

Figure 4 shows the changes in magnitude-scored coherence between X and Z di-
rections for May 1, 2020. The coherence has values ranging from 0 to 1 and covers wide
ranges of frequencies from 0.015625 mHz to 512 mHz. Figures 5 and 6 show the coher-
ence for the (X, Y) and (Y, Z) components for the same frequency band. With black ar-
rows, the phases are marked. Figure 4 depicts four interesting facts, which is not observed
on Figures 5 and 6. Indeed,

1 - High coherence values close to 0.9 in the time interval 04-20 UTC. This one time
interval can be divided into three subintervals: 04—11 UTC, 11-15 UTC, and 15-
20 UTC.
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2 - The coherence’s first subinterval has values around 0.9 and covers the frequency
range 0.125-0.25 mHz. The black arrows show that the phases of the geomagnet-
ic “noise” along the X and Y directions are different.

3 - full synchronization in phases is observed in the second subinterval after about
11 UTC, but only at 0.125 mHz. For the frequency interval of 0.25-0.5 mHz, the
coherence is close to 0.

4 - The phases of geomagnetic “noise” along the X and Z components reach full
synchronization at 0.125-0.25 mHz in the third subinterval (after 15 UTC).
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Figure 4. May1, 2020, PAG station, X and Z components

The reasons of this unusual geomagnetic noise, recorded along the vertical (Z) com-
ponent might have different sources. Here, any simultaneous disturbances, recorded along
the three geomagnetic directions at frequency interval 0.125-0.25 mHz, are not observed
and this makes the possibility that they have a magnetospheric origin unlikely. From the
lithospheric point of view, the one earthquake was recorded at this day. It occurred at
11:01:39 UTC on May 1, 2020 and has a magnitude of Mw=4.6, a depth of 18 km, and an
intensity of lo/Imax=5.5. The epicenter has geographic coordinates 42.23N/24.87E, and
its distance from Panagjurishte Geomagnetic Observatory is about 65 km in east-south-
cast direction. The unusual perturbations observed in the vertical component coincide
well with the time the earthquake occurred. The facts that have been discussed cannot
rule out the possibility that the cause of the disturbances on the Z component could be the
preparation of the earthquake or that the observed effects are a co-seismic effect.
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Figure 5. May1, 2020, PAG station, X and Y components
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Figure 6. May1, 2020, PAG station, Y and Z components
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Conclusions

On May 1, 2020, an unusual geomagnetic “noise” along the vertical (Z) component
was recorded at the Geomagnetic Observatory Panagjurishte. The detrended fluctuation
analysis and wavelet magnitude-squared coherence are performed, and the low levels of
local and global geomagnetic activities are discussed. The specific decrease in the DFA
index values calculated for the Z component in time scales 10-180 s and 10-900 s is ob-
tained after April 29, 2020. The coherence wavelet analysis shows that on May 1, 2020,
a high level of coherence between X and Z components was observed between 04 and
20 UTC. The phases of these two directions are going to differ initially, but after 11 UTC
they are going to be fully synchronized. As this disturbance doesn’t appear to be in the
horizontal direction, it is possibly not of magnetospheric origin. The vertical direction of
the disturbance cannot rule out the possibility that the cause of the disturbances on the Z
component could be the preparation of the earthquake or that the observed effects are a
co-seismic effect.
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Hscaensane Ha ULF reomarnuren mym, 3anucad Ha 1 maii 2020 .
B ['eomarauTHa oocepBaropus ,,Ilanarropnme*

M. IllamaTtu

Pe3tome. Ha 1 maii 2020 1. B reomarHuTHaTa oOcepBaropus B [lanartopuie, bbarapus,
HeoOWYaeH reoMarHuTeH MIyM Ha cBpbX-HUCKa yectoTa (ULF) e 3anmcan ot Tpukomio-
HeHTeH (X, Y 1 Z) MHAYKIIMOHEH MarHUTOMEThp. AHAIN3UPAHH Ca BPEMEBUTE PEIOBE OT
nmaHHA 32 repuona 1 anpw - 1 mait 2020 r. [Ipraraitku (uryKTyallnOHEH aHalu3 C eld-
muH#paHe Ha TpeHna (DFA) e m3uncnena DFA ekcrioHeHTaTa 3a BpeMEBHS Pell 32 TPUTE
TEOMarHUTHH MTOCOKH. Pe3ynTarure moka3BaT HeoOOMUYaliHO HaMalsIBaHe Ha CTOHHOCTUTE
Ha DFA excnonenrara BbB BpemeBuTe ckainu 10-180s u 10-900s, koeto 3amousa cien
29 ampun 2020 1. 34ricneHn u onpeesieHu ca KOXePEeHTHOCTTa | (ha3uTe Ha TeOMarHHT-
HUSL ITyM 1ocpecTBoM Wavelet aHaimu3, 3a BCEKH JIB€ MAarHUTHU HAIIPABJICHHUS, TIPH yC-
JIOBUSITA HA HICKA F€OMarHUTHA aKTUBHOCT. BHCOKM CTOWHOCTH Ha KOXEPEHTHOCT (OKOJIO
0.9) B wacoBus unrepBas 04:00-20:00 UTC u mbieH ¢a3oB cHHXPOH 0e3 OTMECTBaHE
BBB (hazute (11:00-20:00 UTC) mexny komnoneHTnTe X u Z ce HaOmromaBaT Ha | maif
2020 r., B uectotHus quanaszon 0,125-0,25 mHz. B3 ocHOBa Ha U3BBPILEHUS aHAIN3 32
HaOJIIOJaBaHUTE M aHAIN3UPAHH CMYIIEHHS, HE MOXeE JIa C€ U3KIII0YN Bb3MOXKHOCTTA T
Jla IPOMU3XO0XK/IAT OT JIUTOC(HEPEeH N3TOUHHK.
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