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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.
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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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Figure 1 presents the geomagnetic field variations along the X (north-south), the Y (east-west), and the Z
(down) directions. They are recorded at PAG station, Bulgaria, from 22 UTC on February 5, 2023 until 14
UTC on February 6, 2023. About 01 UTC, the clearly visible disturbances along the X and Y components are
observed. The first type of disturbances is observed simultaneously along X and Y. It appears about 00:52
UTC and lasts about 25 minutes (figure 2, bottom panel).
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Figure 1 Geomagnetic variations (X, Y, Z directions), 22-14 UTC, February 5-6, 2023, PAG station
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Figure 2 Time: 00:00-01:30 UTC, X component, WIC, PEG and PAG stations

For comparison, records of the geomagnetic field variations along the X component at PEG Station (Pedeli,
Greece) and at WIC Station (Conrad Observatory, Austria) are presented in figure 2. In all three stations,
disturbances are simultaneously observed. The visible difference in the waveform is due to the fact that at
PAG Station, the recordings were made with of an induction magnetometer, where the diurnal course of the
magnetic variations was taken away. Figure 2 shows that this is a disturbance with a global manifestation

and it is not a local property.

Figure 3 presents the Interplanetary Magnetic Field (IMF) Bz component, the flow dynamic pressure, the Dst
and the Kp indices and the SW plasma speed. After about 00 UTC on February 6, 2023, sharp and step-like
changes in the values of all parameters are observed. The SW plasma speed is steadily increasing. The global
and local (Metodiev, M. and Trifonova, P., 2021) K indices do not exceed values of 3.5. As it is known from
the literature, changes in these parameters lead to the appearance of ULF waves with different frequency
spectra that can be recorded by magnetometers on the ground. Their distribution at different geographical
longitudes can be characterized by a different spectral composition. The spectral analysis based on the wavelet
transform depicts the temporal evolution, the power, and the periodicity of the disturbance recorded at mid-
latitudes, presented by PAG and WIC stations (figures 4 and 5). For both stations the disturbance manifested
in Pc3-4 ULF range: period vary between 25-110 seconds and have main period 68 seconds. Differences in
the power of the signal might be due to different types of instruments that operate in the geomagnetic
observatories (their technical specifications) and their sensitivity or/and specifics in the longitudinal
propagation of the disturbance.
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Figure 3 The IMF Bz component, the flow dynamic pressure, the Dst and the Kp indices and the SW plasma speed
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Figure 4 Wavelet spectrum, PAG station (Bulgaria); February 6, 2023; 00-01:30 UTC
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Figure 5 Wavelet spectrum, WIC station (Austria) ; February 6, 2023; 00-01:30 UTC
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The second type of disturbances are observed only at PAG Station, and they are recorded only along the Y
direction (figure 1). This is expressed in a smooth increase of their value after about 01:30 UTC and sharp
“jumps”, which lasts till 07:30 UTC. Due to the fact that the disturbance was recorded only locally, it cannot
be ruled out that this is related to seismic activity both locally (Popova et al., 2021) and to the 7.8-magnitude
earthquake that occurred on February 6, 2023, on Republic of Turkey territory.

Conclusion

Records of geomagnetic variations from February 5-6, 2023, in three geomagnetic observatories (PAG, WIC,
and PEG) are analyzed. Two types of disturbances are found in the horizontal components of the geomagnetic
vector. The first one is found to occur at all three observatories and have global character, starting at 0:52 on
February 6. It appears as a ULF wave in the area of the Pc3-4 spectrum. It has a main period of 68 seconds.
The second one appears only at PAG station and manifests itself as a smooth increase of its value after about
01:30 UTC and sharp “jumps”, which lasts till 07:30 UTC. Referring to the fact that it has a local character
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and appears only in the east-west direction of the magnetic vector, the possibility that it is also related to post-
seismic effects on the magnetic field after the strong earthquake that occurred in Turkey on February 6, 2023,
cannot be ruled out.
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