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Abstract

The main idea of this study is to investigate the Dst variations in the X
component of the Earth’s magnetic field and their latitudinal distribution in the
conditions of geomagnetic disturbance on February 3, 2022. For this purpose,
data from the world database of geomagnetic observatories INTERMAGNET
were used. Three sectors of geomagnetic observatories were selected: (i) East-
ern Europe, (ii) Western Europe, (iii) Eastern Asia. The considered stations
are located at different latitudes (GLAT) but are close to each other in longi-
tudes (GLON). For each sector, changes in the X component were considered
and Sq variations were previously removed, based on data for five quiet days
determined by the Helmholtz Centre Potsdam, GFZ German Research Centre
for Geosciences. The results allow proposing a methodology for filtering the
variations in the X component for the considered geomagnetic observatories re-
sulting from the geomagnetic disturbance. In the concluding part of this work,
an analysis of the relationship between variations in the X component and the
equatorial ring current represented by Dst is proposed. The obtained linear
regression coefficients for each of the sectors show the well-known dependency,
expressed in the reduction of the influence of Dst on the changes in the X
component as it moves from the equator to higher northern latitudes.
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Introduction. In the field of solar-terrestrial physics, one of the most current
tasks is the study of the reaction of some geophysical quantities, one of which is
the elements of the Earth’s magnetic field on magnetic storm conditions. The
definition of the concept of geomagnetic storm is a temporary disturbance of
the Earth’s magnetosphere caused by a solar wind shock wave and/or cloud of
magnetic field that interacts with the Earth’s magnetic field [V'2]. It is well known
that the influence of the ring current on the X component of the Earth’s magnetic
field is stronger at the equator and decreases to the pole [>77].

A geomagnetic storm is defined by changes in the disturbance storm time
index (Dst index). The Dst index estimates the globally averaged change of the
horizontal component of the Earth’s magnetic field at the magnetic equator based
on measurements from a few magnetometer stations. During quiet periods, Dst
is between +20 nT and —20 nT. A geomagnetic storm has three phases: initial,
main and recovery. The initial phase is characterized by Dst increasing by 20 to
50 nT in tens of minutes. The main phase of a geomagnetic storm is defined by
Dst decreasing to less than —50 n'T. The duration of the main phase is typically
2-8 h. The recovery phase is when Dst changes from its minimum value to its
quiet time value. The recovery phase may last as short as 8 h or as long as about
7 days. The size of a geomagnetic storm is classified based on the Dst values,
namely: moderate: —50 > Dst > —100 nT, strong: —100 > Dst > —200 nT,
severe: —200 > Dst > —350 nT, great: Dst > —350 nT [*9].

Another geophysical parameter that is used to characterize the magnitude
of geomagnetic storms is Kp index. The planetary Kp index is 3 hourly and is
determined by 13 geomagnetic observatories located between 44° and 6° in both
hemispheres of the Earth. The Kp value, which is an estimate of changes in the
horizontal component of the Earth’s magnetic field, is denoted by an integer value
in the range from 0 to 9. The following scale was adopted to evaluate the strength
of the geomagnetic storm according to the Kp index: i) Kp about 5 — Minor (G1);
ii) Kp about 6 — Moderate storm (G2); iii) Kp about 7 — Strong storm (G3);
iv) Kp about 8 — Severe storm (G4); v) Kp about 9 — Extreme storm (G5) [1912].

Another type of disturbance in the Earth’s magnetic field besides geomag-
netic storms are substorms. There are several main differences between the two
events: 1) geomagnetic storms can last up to several days, while substorms last
up to several hours; ii) unlike geomagnetic storms, which can be observed from
anywhere on Earth, substorms are concentrated primarily in the polar regions;
iii) geomagnetic storms inject a large number of ions into the outer radiation
belt, while substorms do not inject many particles into the radiation belt; and
iv) the occurrence of geomagnetic storms is once or twice a month during solar
cycle maximum and several times a year during solar minimum, while substorms
are relatively frequent — often several events occurring only a few hours apart.
Substorms can be more intense and occur more frequently during a geomagnetic
storm when one substorm may start before the previous one has been completed.
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The source of the magnetic disturbances observed at the Earth’s surface during
geomagnetic storms is the ring current, whereas the magnetospheric substorms are
associated with the release of a large amount of energy in the magnetospheric tail.
A typical current system forms, named substorm current wedge, which provokes
perturbation of the Earth magnetic field, namely negative bays in the X compo-
nent at auroral latitudes and positive bays at midlatitudes ['3!4]. The sources of
magnetic disturbances observed on the ground during substorms are electric cur-
rents in the ionosphere at high latitudes ['°]. Hence the importance of studying
the behaviour of various geophysical parameters in the conditions of geomagnetic
storms or substorms for Space Weather science is evident.

Influence of geomagnetic storms on the ionosphere. As it was men-
tioned, geomagnetic disturbances have a significant impact on the electron density
of the ionosphere, which in turn finds practical application in various types of com-
munication and navigation systems [*6]. The knowledge of the variations of the
components of the Earth’s magnetic field can serve to estimate the spatial vari-
ation of the field and its response to influences of solar origin [}7]. On the other
hand, tracking the influence of the equatorial ring current on the field components
can be used in the analysis to justify the ionospheric response during geomagnetic
storms [18°20].

Everything described so far also illustrates the importance of the research
carried out in the present work, namely tracking the spatial distribution of varia-
tions in the X component due to the Dst variations of the Earth’s magnetic field
in the case of the geomagnetic storm that occurred on February 3, 2022.

Data. In the present study data of the geomagnetic activity indices, Dst and
Kp are used from the Goddard Space Flight Center (https://omniweb.gsfc.
nasa.gov/); the values of Bz-component of the Interplanetary Magnetic Field
(IMF) are taken from the same webpage. The data for the X component of the
Earth’s magnetic field for all stations are obtained from the INTERMAGNET
database (https://www.intermagnet.org/data-donnee/dataplot-eng.php#).

Results. The main idea of the present investigation is to trace the spatial
distribution of variations caused by the equatorial ring current. The influence of
the geomagnetic storm presented by the Dst index behaviour on the X compo-
nent, is named further Dst variation. To evaluate the Dst variation at individual
stations, they were divided into three sectors (see Table 1).

For this purpose, stations close to each other in latitude, longitude and in-
clination were selected. Based on these three areas, the analyses are made and
the spatial influence of Dst variations is determined. The north-south compo-
nent of the interplanetary magnetic field (Bz) is the most important ingredient
of the interplanetary conditions for auroral activity. When the north-south com-
ponent (Bz) of the interplanetary magnetic field is oriented southward, it will
connect with the Earth’s magnetosphere which points northward. Figure 1 (bot-
tom panel) shows the Bz component of the interplanetary magnetic field (IMF).
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Table 1

Individual regions of geomagnetic observatories used in the present work,
namely: i) Eastern Europe (top sector), ii) Western Europe (middle sector),
and iii) Eastern Asia (bottom sector)

Code  Name GLAT GLON MLAT MLON INCL
NUR  Nurmijarvi 57.70 2470  55.90 11320  72.13
BOX  Barox 58.03 3897  53.30 124.10  73.15
0 BEL  Belsk 51.84 2079 50.20  105.20  67.92
GCK  Grocka 4430 2077 43.30 10240  61.45
PAG  Panagjurishte  42.52  24.18  40.70  105.00  59.96
PEG  Pedeli 30.08  23.93 3640 103.70  43.62
LER  Lerwick 60.13 —1.18  62.00 89.00  72.68
ESK  Eskdalemuir 55.32 —3.20 57.80  83.80  69.35
HAD  Hartland 51.00 —4.48  53.90  80.20  65.88
.. DOU  Dourbes 50.10 460 51.40  88.90  65.55
i) BFO  Black Forest 48.33 833  49.10 8820  64.25
EBR  De L’Ebre 40.82 0.49 4320  81.30  55.92

SFS San Fernando 36.67 5.95 40.10 73.20 51.16
TAM  Tamanrasset 22.79 5.52 24.70 81.80 26.93

PET Paratunka 52.97  158.25 46.60  222.90 65.09
KHB  Khabarovsk 47.61  134.69 39.20  203.60 63.69
iii) MMB Memembetsu 43.90 144.20 35.40  211.30 58.14
KAK  Kakioka 36.23  140.18 27.40  208.80 50.10
KNY  Kanoya 31.42  130.88 21.90  200.80 45.56

The graph of Dst (middle panel) shows that the main phase of the geomagnetic
storm begins at about 2 UT on February 3. From this moment until about 10 UT,
a sharp decrease of Dst and of Bz, (see Fig. 1, middle and bottom panels) and a
corresponding increase in Kp (see Fig. 1, upper panel) are observed. At 2 UT on
February 3, the Bz component is seen to start to have values below 0 (see Fig. 1,
bottom panel). At the same time, Dst has negative values (see Fig. 1, middle
panel), while Kp begins to increase smoothly and exceeds the defined criterion for
quiet conditions. Maximum storm manifestation is observed in all three quanti-
ties between 8 UT and 10 UT. Dst reaches about —75 n'T, determining this storm
as moderate by the Dst classification. The Bz component has negative values
reaching less than —15 nT in the hours between 8 UT and 10 UT (when it is the
maximum of Kp and the minimum of Dst), which allows the coupling between the
IMF and the Earth’s magnetosphere. The maximum value of Kp > 57 (Minor
storm by Kp index classification) reached around 10 UT on February 3, 2022. At
the same time, in the main phase of the storm, the Dst index has a value reaching
almost —80 n'T. Positive Bz values are observed around 12 UT on February 3,
indicating that the coupling is ending. The recovery phase continues from 12 UT
to the end of the day, when Dst becomes 0 (its value before the disturbance) and
Kp reaches a minimum.
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Fig. 2. Left panel — Behaviour of the X component of the Earth’s magnetic field for different
regions (raw data); Right panel — Influence of the equatorial ring current on individual regional
stations (Dst variation)
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Figure 2 (left panel) shows the raw data variation of the X component of
the Earth’s magnetic field for the period from 00 UT to 24 UT on February 3,
2022 and the Dst variations with the quiet conditions removed (five days defined
by GFZ German Research Centre for Geosciences). Accordingly, the top panel
presents the Western Europe region; middle panel — Eastern Europe region and
bottom panel Eastern Asia. The graph shows the influence of the equatorial ring
current in the behaviour of the X component for each of the considered regions.
To assess this influence, Fig. 2 (right panel) shows the values of Dst variations
for each station of the respective region, obtained by linear regression between
Dst and the midlatitude magnetograms shown in Fig. 2. It is clear from Fig. 3
that with increasing latitude the influence of Dst decreases, which can be used
to explain the basic physical mechanisms influencing the response of a number of
atmospheric processes on Earth.

Based on the obtained raw data in each station of the three selected regions
(see Fig. 2, left panel), a regression based on the method of least squares was
made between the raw values of X component of the Earth’s magnetic field and
the Dst. The regression coeflicients presented in Fig. 3 characterize the magni-
tude of influence of the equatorial ring current on the midlatitude variations of the
X component in individual regions. Station TAM (Tamanrasset) has the highest
coefficient of linear regression and station NUR (Nurmijarvi) has the lowest. Sta-
tion TAM is the lowest latitude station on the list, while station NUR is the most
northerly on the list. From above, together with the graph, it can be see that as
you move away from the equator and go north, the influence of the equatorial ring
current decreases.
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Conclusion. The Dst variations in the X component of the Earth’s magnetic
field and their latitudinal distribution in the conditions of geomagnetic disturbance
on February 3, 2022 were studied on the basis of data from geomagnetic observa-
tories divided into three regions: i) Eastern Europe, ii) Western Europe, and iii)
Eastern Asia. The influence of the equatorial ring current on individual regional
stations, obtained by linear regression by the method of least squares between
Dst and the midlatitude magnetograms, is illustrated. The results show that with
increasing of the latitude the influence of Dst decreases. A regression analysis was
made between the values from the stations and the equatorial ring current. The
analysis showed that the influence of the equatorial ring current weakens moving
away from the equator. The proposed methodology makes it possible to separate
the influence of the ring current from the currents in the polar oval. The results
of the present study have implications in the field of solar-terrestrial relationships
and their physical mechanisms.
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