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Study of the magnetic response to the AGW propagation
based on measurements at the Akademik Vernadsky station

Abstract. To find the electromagnetic response to the propagation of atmospheric gravity waves (AGWs), wave fluc-
tuations of the magnetic field were studied according to measurement data at the Ukrainian Antarctic Akademik
Vernadsky station. We analysed continuous data for three components of the geomagnetic field of January—March
2024. We considered wave fluctuations of the magnetic field in the period range of 5—60 min, which correspond to
medium-scale AGW in the atmosphere. From January—March, a total of 500 wave events were analysed. The ampli-
tudes ranged from ~one nT to several tens of nT. Two dominant period groups were observed: ~5—12 minutes (in-
cluding the Brunt—Vaisala period) and 25—30 minutes. We suppose that this pattern indicates a different origin of the
AGW. This new result indicates the experimental possibility of separating the effects of AGW influences “from be-
low” and “from above”. Time intervals during the day when magnetic field fluctuations are observed most often were
determined. In all three magnetic field components, fluctuations are observed simultaneously in the evening. In geo-
magnetically quiet conditions, there is a daily asymmetry in the frequency of occurrence of meridional and zonal
disturbances. Wave activity in the meridional B_and vertical B, components is registered mainly in the morning and
evening. In the component B, wave disturbances prevail in the daytime from 10 to 14 hours (UT) and are also ob-
served in the evening. In March 2024, there were two geomagnetic storms during which the amplitudes of magnetic
field fluctuations increased simultaneously in different period ranges. The fluctuations may be caused by modulation of
polar current systems and/or dynamo-current generation during the propagation of AGW at heights in the E-region
of the ionosphere. Further studies are needed to establish which mechanism contributes more to the phenomenon.
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1 Introduction

The atmosphere is a complex dynamic system that
is always in motion under the effect of sunlight,
solar wind, and the interplanetary magnetic field.
These factors cause ionization of some parts of
the atmosphere (the ionosphere) and the origin
of electric fields and currents. Thus, waves prop-
agating in the neutral atmosphere are reflected in
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the fluctuations of the neutral parameters, the
ionospheric plasma, and the electromagnetic com-
ponent. This peculiarity of propagation compli-
cates modelling wave processes in the atmosphere
yet opens additional opportunities for their ex-
perimental diagnosing.

Studying the atmospheric gravity waves (AGWs)
directly in the neutral upper atmosphere is
severely limited by the lack of low-orbit satellites
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equipped for these measurements (Innis & Conde,
2002; Fedorenko et al., 2015). The most common
methods for studying the near space, including
AGW spreading at the ionospheric heights, are
ground-based diagnostics and magnetometry. Thus,
wave activity in the atmosphere is studied mostly
by observing travelling ionospheric disturbances
(TIDs) (Negale et al., 2018; Zhang et al., 2019;
Paznukhov et al., 2022). The influence of the elec-
tric and magnetic fields considerably complicates
the interaction of neutral and ionized subsystems
during the AGW propagation. In fact, the ion-
ized component undergoes double control in the
atmosphere. On the one hand, the ionospheric plas-
ma and neutral particles are employed in all dy-
namic processes of the neutral atmosphere (winds,
convection, tides, waves, etc.). On the other hand,
plasma’s behavior is largely controlled by electro-
magnetic processes in the atmosphere. As a result,
the relationship between AGWs and TIDs varies
at different heights depending on latitude and the
changing geo- and heliophysical conditions.
The mechanisms behind the electromagnetic
response to AGW propagation remain less un-
derstood compared to the well-documented AGW-
TID interactions. The basics of electromagnetic
disturbances’ generation during AGW propaga-
tion at the ionospheric heights are presented in
(Prakash & Pandey, 1985; Yampolsky et al., 2004;
Lizunov et al., 2020). In the height range of 90—
130 km, the ions follow neutral particles because
of the collisions, yet the electrons are mostly con-
trolled by the Earth’s magnetic field. That is why,
in the E-region of the ionosphere, all movements
of the neutral particles displace the ions relative
to the electrons, causing electric currents and
fields (Jacobson & Bernhardt, 1985; Kelley, 1989).
Yampolsky et al. (2004) analysed the electro-
magnetic effects of the AGW propagation at the
E-region heights and estimated the respective am-
plitudes of the geomagnetic field’s fluctuations.
According to their conclusions, the main electro-
magnetic effects of AGW are (1) generation of
the dynamo-current due to ions being captured
by neutral particles; (2) periodical modulation of

the background currents flowing in the ionosphere
because of conductivity changes following the
changes in temperature, frequencies of the colli-
sions and density of the charged particles in the
AGW. Both effects lead to the geomagnetic field’s
fluctuations, which ground-based magnetomet-
ric measurements can register. According to the
theoretical estimates (Yampolsky et al., 2004), the
fluctuations’ amplitudes are between single-digit
nTs to dozens of nTs depending on the ionospher-
ic conditions, AGW amplitudes, background cur-
rents, etc.

The effect of geomagnetic disturbances, drop-
out, magnetospheric-ionospheric currents, and
other factors in space weather is the most notice-
able in the polar areas. In the sunlit part of the
polar cap, at the height of 90—130 km, there is
formed in the ionosphere a two-vortex system of
almost-horizontal currents perpendicular to the
geomagnetic field’s lines. The currents’ magnetic
effect can be registered on the ground (Kelley,
1989). Their configuration changes depending on
the orientation of the interplanetary magnetic field
(IMF), and the current grows significantly if the
B_component of this field is negative (for an ex-
ample, see Fig. 6.28 in (Kelley, 1989)). Given pow-
erful current systems in the polar areas, the contri-
bution of the effect of current modulation by AGW
outweighs the effect of dynamo-current genera-
tion. If the system of currents is restructured, the
electromagnetic response in different magnetic
field components will follow; a significant en-
hancement in the currents under geomagnetic
activity will also increase the response to AGW.

Nowadays, magnetometry allows the registra-
tion of geomagnetic field fluctuations at different
time scales with high accuracy. The measurement
errors usually do not exceed 0.1 nT. Among the
different types of geomagnetic field fluctuations,
the most well-studied (in theory and practice) are
the fluctuations with periods between some frac-
tions of a second to several minutes (so-called geo-
magnetic pulsations). Processes in the magneto-
sphere and the solar wind generate a wide class of
ultra-low-frequency (ULF) hydromagnetic waves,
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observed as geomagnetic pulsations of various
types. ULF waves originating in different areas of
the magnetosphere have different frequencies and
polarizations. They depend on the IMF orientation,
solar wind conditions, and the magnetosphere (Mc-
Pherron, 2005). The highest amplitudes are ob-
served in the Pc5-type resonance magnetospheric
pulsations in the auroral oval during a substorm’s
recovery phase (typical periods are from several
minutes to 10 minutes) (Pulkkinen et al., 2003).

There have been much fewer studies of fluc-
tuations with periods over 10 minutes (the upper
bound for the Pc5 pulsations). Such fluctuations
belong to the Pc6 and Ps6 types. Pc6 pulsations
are an atypical kind of uninterrupted ULF pulsa-
tions as their periods are too long for resonance
oscillations for a cavity in the magnetosphere re-
gardless of its shape. These pulsations are linked
with the magnetospheric tail dynamics (Heyns et
al., 2020). Long-periodic, quasi-sinusoidal Ps6
pulsations are linked with magnetospheric sub-
storms (Saito, 1978). They are mostly seen in the
y-component of the magnetic field with periods
of 5 to 40 min (Saito, 1978). This range, then,
practically coincides with AGW periods. If long-
periodic fluctuations are observed in geomag-
netically quiet conditions, they can be manifes-
tations of AGW propagation at the dynamo re-
gion heights.

Numerous ground-based and satellite observa-
tions confirm the permanent presence of AGWs/
TIDs at different height levels of the polar atmo-
sphere (Innis & Conde, 2002; Fedorenko et al.,
2015; Negale et al., 2018; Zhang et al., 2019;
Paznukhov et al., 2022). As AGWs propagate at
the dynamo region heights, geomagnetic field fluc-
tuations should be excited by generating dynamo
current and (or) modulating the background cur-
rents. The purpose of the article is to study the
electromagnetic response to AGW propagation in
polar areas. We shall study the geomagnetic field’s
fluctuations with periods of 5 min to 1 hour us-
ing the data of a three-component magnetome-
ter at the Akademik Vernadsky station. The peri-
ods correspond to middle-scale AGWs propagat-
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ing through the atmosphere from various sources.
The electromagnetic response to AGW propagation
should also be observable in this period range.

In Section 2, we describe the methods of pro-
cessing the measurement data. The behavior of
the amplitudes of magnetic field fluctuations,
daily patterns and distribution of fluctuations by
periods are presented in Section 3. In Section 4,
we discuss two possible mechanisms of the mag-
netic response of the AGW. Our conclusions are
presented in Section 5.

2 Data and methods

The data for the study included the measurements
of the geomagnetic field at the magnetic observa-
tory of the Ukrainian Antarctic Akademik Vernad-
sky station (65°16’S, 64°15'W). They were record-
ed by a three-component flux-gate magnetometer
LEMI-025 made at the Lviv Centre of the Insti-
tute for Space Research (https://www.isr.lviv.ua/
lemi025.htm). The wave fluctuations were studied
for three components of the magnetic field: X
(northern) — the meridional component with the
positive direction towards the North; Y (eastern) —
the zonal component along the geographic par-
allel towards the East; Z — the vertical compo-
nent directed vertically down. The magnetometer’s
resolution was no more than 0.1 nT. The data
were sampled at one-second intervals, allowing
us to study geomagnetic pulsations and wave dis-
turbances with AGW periods.

Let us analyse the magnetometry data for Jan-
uary—March 2024. The geomagnetic conditions
were mostly calm. According to https://omniweb.
gsfc.nasa.gov/form/dx1.html, in January and Febru-
ary 2024, the Kp - 10 index reached 40 only on
some days (Fig. 1). In March, there were two geo-
magnetic storms: one on March 3 (Kp - 10 peaked
at 63) and the more powerful on March 24 (max-
imum Kp - 10 of 83). We will show that the mag-
netic field regularly fluctuated with 5- to 60-min
periods on calm days. On days of high geomag-
netic activity, such wave disturbances were also
seen, and their amplitudes were much larger.

ISSN 1727-7485. Ukrainian Antarctic Journal, 22(2), 2024, https://doi.org/10.33275/1727-7485.2.2024.735



Alla Fedorenko, Evgen Kryuchkov, Anna Voitsekhovska et al.: Study of the magnetic response to the AGW propagation

Regardless of the wave’s nature, an experimen-
tal study requires separating the wave fluctuations
from large-scale changes in the measured param-
eters (trends). Magnetic field fluctuations were
isolated using a moving average technique. The
averaging window depended on the time scale to
be selected from the initial data. Fluctuations of
the field’s components (5B, 8By, and 8B) were
determined as the differences between the origi-
nal sequences of data and the averaged ones. The
coordinated course of fluctuations of various mag-
netic field components after trend removal allows
for minimizing uncertainties in the data.

Finding the magnetic response to AGW propa-
gation requires posing a set of criteria to select
wave events for analysis. According to satellite data,
AGW packets in the upper atmosphere last, on
average, 3—5 periods (Innis & Conde, 2002; Fe-
dorenko et al., 2015). Presumably, electromagnetic
responses to AGW should be similar to the waves’
signatures in a neutral atmosphere. Thus, a sin-
gle wave event is defined here as a pronounced
quasi-periodic packet lasting for more than two
oscillation periods in the 5- to 60-minute range.
Before applying the spectral analysis, each wave
train was selected and examined visually to exclude
possible abrupt changes of a non-wave nature.

Fragments of data treatment to separate wave
events are shown in Figures 2 and 3; the example
is based on the records of January 27, 2024 (UT
evening). That afternoon, the geomagnetic activ-
ity was very low (Kp - 10 = 7). The left column
(Fig. 2) shows the three measured components
of the magnetic field: besides trends, field fluc-
tuations of various time scales can be seen. The
right column shows the magnetic field’s fluctua-
tions after the moving average method was ap-
plied to every component: there is a wave packet
at approximately 21UT—22.5UT in all cases. This
packet’s 8B, SBy, and 8B_ are shown in Figure 3a.
dB_and SBy remain in the syn-phase, and 8B, in
the anti-phase to the two, although the packet
itself is not monochromatic. Figure 3b shows the
amplitude wavelet-spectrum for 8B, drawn in
Matlab using the complex Morlet wavelet: most
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Figure 1. The value of Kp - 10 index in January—March 2024,
according to https://omniweb.gsfc.nasa.gov/form/dx1.html

fluctuations have a 10—12 min period with max-
imum amplitude around 22UT.

Note that here and further in the paper, the
division of data into daily intervals refers to UT.
That is, this division is conditional in terms of
solar illumination at the Akademik Vernadsky sta-
tion. The difference between UT and local solar
time at the station is about 4 hours. During the
study period (January—March), observations were
carried out in sunlight for most of the day.

Often, when a magnetic field is measured, fluc-
tuations of different time scales are superimposed.
In this case, to separate various time scales, one
should use moving average windows with differ-
ent numbers of averaging points. Figure 4a pro-
vides a clear example of such superposition: it
shows a sequence of 3B_records after applying a
moving average window of 15 min. The ampli-
tude wavelet spectrum in Figure 4b presents Pc4
geomagnetic pulsations with a period of ~1.5 min
(noticeable in the lower part of the spectrum)
overlaying quasi-sinusoidal fluctuations with a pe-
riod of ~12 min. To obtain a more detailed pic-
ture of the spectrum for the short periods, we ap-
plied a window of 2 min to the original dataset.
The resulting profile is typical for geomagnetic
pulsations (Fig. 4c). Pc4 pulsations are the most
common in geomagnetically calm conditions. They
are observed in different latitudes. They can be
recognized as series of long-term wave packets,
indicating their resonance origin. According to
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Figure 2. Variation of the components of the magnetic field on the evening (UT) of January 27, 2024, according to the
records of the Akademik Vernadsky station (left) and the respective 8B, 3B, and 3B, fluctuations after the moving
average filter (window of 30 min) was applied (right)
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spectral analysis of the pulsations in Figure 4c,
their period varies somewhat in the 1—1.5 min
range (Fig. 4d).

We processed every day in January—March
2024 and studied magnetic field fluctuations in
the 5—60 min range. The range is rather wide, as
the minimum and maximum periods differ by an
order of magnitude. That is why we started by
applying a moving average window of 60 min.
Afterward, we selected pronounced packets dur-
ing the day and used wavelet analysis to identify
the periods in the fluctuation ranges of 6B, SBy,
and 3B_. Then, we used a smaller window of 10
min to isolate the lesser periods in the spectrum
better. As the window size was reduced, wave
harmonics of the larger periods remained in the
spectrum, but their amplitudes became cut ac-
cording to the filter’s frequency response.

Since the magnetometer’s resolution was no
more than 0.1 nT, we selected fluctuations with
amplitudes over ~1 nT in the 6B and 6B, com-
ponents. The corresponding minimum values of
0B, are usually less than ~0.3—0.5 nT. Notably,
a large part of weak wave events with amplitudes
<1 nT in the 3B_and 8B, components remained
outside the study’s scope.

January 27, 2024
=3B, =8B, =8B,

Fluctuation, nT

21 21.2 21.4 21.6 21.8 22 22.222.4 22.6 22.8 23
UT, hours

(a)

3 Results

3.1 Amplitude analysis of magnetic
field fluctuations

We analysed 500 wave packets: 165 in January, 137
in February, and 198 in March. On average, there
were 4 to 6 wave events per day. The numbers of
observed events in separate components are lower
(358 events for 8B, 378 for B, and 388 for 6B) as
the fluctuations did not always occur in all three.
Figure 5 presents all wave events we studied in
the three components of the field. The vertical axis
shows the fluctuations’ amplitudes. The horizontal
one shows the chronology of wave events every
month. The left column (Fig. 5 a, ¢, ) compares
the amplitudes of the 6B and 8By components,
the right (Fig. 5 b, d, f), the amplitudes of 3B,
and 8B. The fluctuations did not always coin-
cide in all field components. The amplitudes of
8B_and SBy horizontal components are compa-
rable and are, on average, a few nT in geomag-
netically calm conditions. Amplitudes of the ver-
tical component 3B, fluctuations are usually 2—3
times lesser than amplitudes of 6B _and 5B,
There were two geomagnetic storms: on March
3 (maximum Kp - 10 = 63) and March 24 (max-

January 27, 2024 5B,

25

[\
S

Period, min
Amplitude

20 20.5 21 21.5 22 225 23 235 24
UT, hours

(b)

Figure 3. (a) Fluctuations of the 5B, 6B,, and B, magnetic field components and (b) the relative amplitude of the wave-

let spectrum for the horizontal 8B, fluctuation
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Figure 4. An example of superposition of geomagnetic fluctuations with AGW periods and Pc 4 geomagnetic pulsations.
(a), (c) Magnetic field fluctuations after applying the moving average window of (a) 15 min or (¢) 2 min (b), (d) The

corresponding relative amplitude of the wavelet spectra

imum Kp - 10 = 83). Two peaks can be seen in Fig-
ure 5 e, f (March), corresponding to the simul-
taneous growth of amplitudes of all components
during storms. Each of the components 6B_and
8By reached approximately 17 nT and 22 nT dur-
ing these storms. Their maximum amplitudes dur-
ing storms were approximately proportional to
the maximum values of the Kp indexes. Changes
in fluctuations’ amplitudes during the magnetic
storms require a separate study.

178

The observed ratios of fluctuation amplitudes
for the horizontal and vertical components of the
magnetic field show that the perturbation vector
3B = (3B, 8By, 3B, is tilted close to the horizon-
tal plane_.) Let us determine the angle ¢ between
vector 6§ and the horizontal plane. The project-
ion of 3B onto the horizontal plane B, = § Bcoso,
where 8B, = /8B; +B], and the vertical project-
ion 8B, = 3Bsing. Then, the angle ¢ is deter-
mined from the ratio tge = 8B, / 3B,. The dynamics
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Figure 5. Amplitudes of the magnetic field fluctuation of horizontal B _and 6B, components (left) and horizontal B,
and vertical 8 B, components (right) for the studied wave events in January, February, and March 2024
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Figure 6. The angle of the fluctuation vector 8B tilt to the
horizontal plane for the studied wave events in January—
March with 8B, # 0

of ¢ is given in Figure 6. The horizontal axis shows
the number of wave events in January—March
2024. The value of ¢ mostly varied within 10°—30°;
the three-month average is around 17.3°.

3.2 Diurnal variability of magnetic
field fluctuations

Analysis of the wave events reveals such daily pat-
terns:

1) if fluctuations occur simultaneously in all
three components of the magnetic field, it most-
ly happens in the evening (UT);

2) at night, fluctuations are most frequent in the
8B, and 8B, components and rare in the SBy;

3) fluctuations in the 8B, component are most-
ly seen during the day; in other components, they
are very weak or unnoticeable.

We then plotted the fluctuations separately for
the three components depending on the hour for
a more detailed analysis (Fig. 7 a, b, c). Every wave
event was assigned the timestamp (UT) when the
wave packet had the maximum amplitude, as de-
termined by wavelet analysis. The daily distribu-
tion of the module of magnetic field fluctuations
8B = /6B? + B} + B’ is given in Figure 7d. There
are three clear intervals during the day when the
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wave events are registered most frequently. A com-
parison of the component-specific histograms in
Figure 7 a, b, ¢ shows that at 0—4UT, most events
are of the (8B, 0, 6B) kind, while the (38, 6By,
dB) events are much fewer. At 10—14UT, most
are (0, 8By, 0), and (0, SBy, 0B) are fewer. In the
evening (19—23UT), most wave events are (3B,
SBy, 8B, noticeable in all three components.

To summarize, in geomagnetically calm con-
ditions, the wave activity in the meridional (B)
and vertical (B) components is mostly registered
in the morning and evening (UT). In the zonal
component By wave disturbances mostly happen
from 10 to 14 hours UT. The patterns are evi-
dence of the 5B vector’s predominant direction
changing depending on the UT.

The daily patterns of magnetic field fluctua-
tions depend on the UT time. This probably in-
dicates a decisive influence on the daily distribu-
tion of the auroral oval location relative to the
station, which also depends on UT. The period
(January—March) is not sufficient to study the
influence of sunlight on magnetic fluctuations.
To study this effect, we plan to use data through-
out 2024.

3.3 Distribution of magnetic
field fluctuations by periods

The distribution of wave events depending on
the time of the day is plotted in Figure 8. Among
all studied events, two groups of periods pre-
dominate. One is the fraction with periods short-
er than 12 min, which borders the Brunt—Vaisala
period of ~5 min (the minimum permissible pe-
riod of AGW). The other demonstrates the max-
imum at 25—35 min. Two pronounced period
groups can indicate different origins of the wave
fluctuations. For example, AGW periods and
Pc5 geomagnetic pulsations’ periods overlap in the
5—10 min range. However, Pc5 pulsations are
observed in the area of the auroral oval during a
substorm’s recovery phase. Long-periodic pulsa-
tions of the Pc6 type are observed in almost the
same period range as the medium-scale AGWs.
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Figure 7. Distribution of the wave events (N) depending on the time of the day (UT) in three components of the
magnetic field in January—March 2024: a) 3B, (358 events); b) 3B, (378); ¢) 8B, (388); d) 8B (500)

However, the Ps6 pulsations are mostly seen only
in the B, component of the magnetic field and
are also connected to substorms (Pulkkinen et
al., 2003). Systematic registration of wave events
in geomagnetically quiet conditions is probably
evidence of their connection with AGWs which
permanently exist in the atmosphere. Theory pre-
dicts a continuous spectrum of freely propagat-
ing AGWs in the atmosphere. Therefore, the two
pronounced period groups can indicate AGWs of

different origins. Thus, periods around 30 min are
more typical for freely propagating AGWs coming
in from the sources below. Periods of 5—12 min
can belong to AGWs generated by auroral sources
directly at the heights of the E-region. A sharp
altitudinal gradient of temperature at these heights
favors their quasi-horizontal propagation. The pre-
dominance of wave events with small periods is
evidence of a significant number of such AGWs
at the heights of the polar dynamo-region.
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Figure 8. Distribution of wave events (N) over period size
in January—March 2024

The observed two-period groups of the AGW
magnetic response may be an important experi-
mental manifestation of the separation of waves
“from below” from those generated directly by
auroral sources. Such a unique opportunity arises
precisely in the polar regions where AGW from
powerful auroral sources coexist with the waves
from tropospheric and lithospheric sources. Aka-
demik Vernadsky station is located in a very ac-
tive meteorological region of the Earth. Therefore,
the station records electromagnetic responses cau-
sed by AGW from tropospheric sources (Yam-
polsky et al., 2004). On the other hand, the
Antarctic station is located at a fairly short distance
from the auroral oval. Unlike influences “from
below”, the conditions for recording influences
“from above” should depend on geomagnetic
activity and the moment of UT. The location of
the oval relative to the observation station de-
pends on UT. With the development of geomag-
netic activity, the power of auroral sources in-
creases, and the oval itself shifts to lower geo-
magnetic latitudes. This facilitates the observa-
tion of such waves at Akademik Vernadsky station.
Therefore, it is important to investigate further
the relationship between the two groups of peri-
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ods of the AGW magnetic response during geo-
magnetic disturbances.

4 Discussion

We consider that the fluctuations of 58 , system-
atically observable in the 5- to 60-min period range
in different geomagnetic conditions, mostly re-
sult from AGW propagation. These atmospheric
waves can cause electromagnetic response at the
height of the E-region of the ionosphere via two
different pathways (Yampolsky et al., 2004): gen-
eration of dynamo current and modulation of the
present background currents. Our research does
not allow us to establish with certainty which of
these two pathways dominates in the observed
wave disturbances of the magnetic field at the
Akademik Vernadsky station. We shall now ex-
plain the daily patterns in fluctuations of sepa-
rate components gf the magnetic field (Fig. 7).
The changes in 8B direction depending on the
time of day will be considered in relation to the
two pathways of the magnetic field’s response to
AGW propagation.

Let us suppose that the effect is mostly caused
by periodic modulation of background currents
at the heights of the E-region of the ionosphere.
The character of AGW modulation of the polar
currents depends on their configuration. Under
this scenario, the daily features of the magnetic
response to AGW propagation in the §B_and 8By
components can be caused by the system of cur-
rents changing over the day. The dependence of
the fluctuations’ amplitudes on the Kp index is
clearly seen for the two storms in March (Fig. 5
e, 1), which is also evidence of background cur-
rents being modulated in the E-region. A signifi-
cant enhancement in the polar current systems
during geomagnetic distortions will cause an an-
swering growth in the magnetic response to AGW.
However, the tilt of force lines of the magnetic
field at the station is around 58°, and the system
of polar currents in geomagnetically calm condi-
tions is mostly limited by the geomagnetic lati-
tudes of the auroral oval. Thus, the effect of cur-
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rents” modulation is probably not the main influ-
ence governing the magnetic fluctuations in the
area. However, its relative contribution can grow
under high geomagnetical activity.

The electromagnetic effect of dynamo-current
generation by AGWs can be significant since large-
amplitude AGWs are permanently present in the
polar areas (Innis & Conde, 2002; Fedorenko et
al., 2015). In this case, the observed daily patterns
of the fluctuations in different components of the
magnetic field may be related to the prevailing
azimuths of AGW propagation. Thus, measure-
ments taken by the Dynamics Explorer 2 satellite
established that large-amplitude AGWs system-
atically propagate against the wind in the polar
thermosphere of both hemispheres (Fedorenko et
al., 2024). Polar AGWs can reach even low geo-
magnetic latitudes over the Antarctic in Decem-
ber—February and over the Arctic in June—August
(Vlasov et al., 2022). Presumably, at the heights
of the E-region in the ionosphere, the predomi-
nant azimuths of AGW propagation also change
depending on the time of day following the daily
restructuring of the winds over the station. If AGWs
propagate mostly along the meridian, geomag-
netic field fluctuations will be the most pronounced
in the zonal component 8B . If, on the other hand,
AGWs spread along the parallel, the magnetic
fluctuations will be the most pronounced in the
dB_component. Then, the identified azimuths of
AGW propagation changing over the day also
explain the daily patterns in the fluctuations of
different magnetic field components.

AGWs are considered as important transport
agents that redistribute the energy of various dis-
turbances in the atmosphere. The discovery of two
separate period groups of AGW magnetic response
indicates that AGWs effectively implement in-
fluences from above and below. The possibility
of experimentally separating these influences is
of great importance for understanding the energy
interaction between different altitude levels of the
atmosphere. However, our three-month research
is insufficient to determine the global features of
the magnetic response of the AGW, particularly

seasonal patterns. In the future, we plan to ex-
pand similar studies based on magnetometric data
at the Akademik Vernadsky station throughout
2024. Further statistical research (such as estab-
lishing the seasonal patterns of wave fluctuations
over the whole year) will allow us to understand
better the contribution of each considered path-
way to the electromagnetic response to AGW
propagation. Special attention will be paid to the
AGW magnetic response during geomagnetic
storms. Of particular interest is how the contri-
bution of short-period disturbances (5—12 min)
changes with increasing geomagnetic activity.

5 Conclusions

Our work mainly aimed to study the magnetic
response to AGW propagation in the polar areas.
We analysed wave fluctuations of the magnetic
field in the period range of 5 to 60 min based on
three-component magnetometric measurements
at the Akademik Vernadsky station. These peri-
ods correspond to the middle-scale AGW propa-
gating through the atmosphere. We registered
and analysed 500 wave events in January—March
2024. Every event was a pronounced wave pack-
et consisting of several fluctuation periods. Gen-
erally, the fluctuations’ amplitudes were several
times larger in the horizontal 5B (meridional)
and SBy (zonal) components than in the vertical
component 3B_. These amplitudes were ~one nT
to several nTs in geomagnetically calm condi-
tions and reached dozens of nTs during the two
geomagnetic storms in March. Given the ratios
of the amplitudes in the fluctuations of the hori-
zontal and vertical components, the tilt of the
perturbation vector 8B to the horizontal plane
was determined.

We plotted the distribution of the frequencies
of fluctuations’ occurrence depending on the hour
of the day. There were distinct daily patterns for
different components of the magnetic field. In
the magnetically calm conditions, the meridional
component 3B fluctuated mostly in the morning
and in the evening. In the middle of the day, they
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were the least pronounced. On the other hand, the
wave disturbances in the zonal component 6By are
mostly registered in the middle of the day and in
the evening hours. The daily pattern of the fluc-
tuations in the vertical 6B, component mostly
coincides with that of the B, component.

In January and February, the geomagnetic sit-
uation was relatively calm, a good setting for di-
agnosing wave processes unrelated to the geomag-
netic activity. In March, there were two geomag-
netic storms. As the storm grew, a sharp increase
in the amplitudes of magnetic field fluctuations
was observed. For the magnetic fluctuations with
AGW periods, the amplitudes grew proportion-
ally to the Kp index. In our opinion, a great
enhancement in the system of polar currents
during the geomagnetic disturbances leads to a
corresponding increase in the magnetic response
to AGW.

Two main groups of periods were seen in the
distributions of wave fluctuations’ periods during
the three studied months. A large part of the ob-
served fluctuations had periods of 5—12 min. The
plot also showed another maximum (25—30 min).
These two groups of periods can indicate AGWs
of different origins. AGWs generated directly by
the auroral sources at the E-region heights can
have periods of 5—12 min. A sharp altitudinal
gradient of temperature contributes to their quasi-
horizontal propagation at these heights. The 25—
30 min periods, on the other hand, are more typi-
cal for the freely propagating AGW coming in
from the sources below.

The division of the periods of the AGW elec-
tromagnetic response into two separate groups may
be experimental evidence of the coexistence of in-
fluences “from above” and “from below” at iono-
spheric altitudes. It is important to establish which
mechanism prevails in the polar ionosphere under
geomagnetically quiet or disturbed conditions,
depending on the time of day or season. This will
improve the understanding of the interaction be-
tween space and surface weather systems.
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JlocaimzKeHHs MATHITHOTO BiAryKy Ha mommpenHs AI'X
3a BUMipaMu Ha cTtaHuii «Akanemik BepHaacbkuii»

Pedepat. 3 MeToI0 TONIYKY €JIEKTPOMATHITHOTO BiryKY Ha MOIIMPEHHS aTMOc(epHUX rpaBiTaliiHux XBuib (AIX)
JOCTIIKEHO XBUJIbOBI (hJIyKTYyallii MarHiTHOTO TIOJISI 3a JaHUMU BUMIipHOBaHb Ha YKPaiHCHKill aHTapKTUYHIN CTaHLIil
«Akanemik BepHancekuii». [IpoanasnizoBaHo HerepepBHi JaHi BUMipIOBaHb TPbOX KOMITOHEHT T€OMAarHiTHOTO TIOJIS
BIIPOAOBXK CiuHsg-0epe3Hs 2024 poky. Po3risHyTo XBMIBOBI (UIYKTYyallii MATHITHOTO TIOJIS B Aiarma3oHi nepiomis 5—60 xB,
110 BinmoBimawoTh cepenHboMaciiTaOHuM AIX B atMocdepi 3emiti. BipogoBx ciuHs-6epe3Hst BCbOro 0yJio mpoaHa-
nizoBaHo 500 XBUILOBUX MOii, aMIUTITYAM SIKUX cKianaiau Bif ~1 HTa no kinbkox aecsatkiB HTu. Crnocrepiranocst nBi
rpynu nepeBaxatouux nepiofis: ~5—12 xB (Bkitovatoun nepion bpenra-Bsiicsnst) ta 25—30 xB. BuciopiaeHo npumy-
LLIEHHSI, 1110 iCHYBaHHSI LIUX IBOX IPYTI MepioiB BKadye Ha pizHe nmoxomkeHHs1 AI'X. Lleit orpumaHuii HOBUIA pe3yiib-
TaT TIOKAa3y€e Ha eKCIIePUMEHTAIbHY MOXJIMBICTD BiloKpeMJieHHsI edeKTiB BIMBiB AI'X «3HU3Y» Ta «3ropm». BuzHaueHo
YacoBi iHTEPBaJIM BIIPOAOBXK M00M, KOIU (PIyKTyallil MarHiTHOTO IOJISI CIIOCTePiraroThesl HaivacTiine. OQHOYAaCHO Y
BCiX TPhOX KOMIIOHEHTaX MarHiTHOro moJisi (pJIyKTyallii CIIOCTEePiraloThCsl y BeUipHi TOAMHU. Y T€OMarHiTHO-CIOKIMHUX
YMOBax ITOMi4€HO J00OBY aCHMETPil0 y YaCTOTi MOSIBU MEPUIAIOHAIBHMX i 30HAJIbLHUX 30ypeHb. XBUJIbOBA aKTUB-
HICTb Y MCPUIIOHANBHIN B, Ta BEPTUKaIbHI B, KOMIIOHCHTAaX MArHiTHOTO MOJISI PEECTPYETHCS TIEPEBAXHO BPAHLL
Ta yBedepi 3a UT. ¥ 30Ha/NbHIII KOMIIOHEHTI B XBI/LJlbOBl 30ypeHHs nepeBaxkaloth BaeHb Bif 10 mo 14 roqun UT, a
TaKOX CIOCTEePiraloThcs yBeuepi. ¥ OepesHi 2024 POKY CTajucs IBi FeOMarHitHi Oypi, mif yac sIKMX CIOCTepiraaocs
OJIHOYACHE 3pOCTaHHS aMIUTITYn (hJYKTYyalliii MarHiTHOTO TMOJIs Y pi3HMX Aiana3oHax mnepioaiB. JocmimkeHi ¢uykry-
allii MarHiTHOTO TIOJISI MOXYTh OYyTH CIIPUYMHEHI MOJIYJISIIIEIO TOJSIPHUX CTPYMOBHUX cucTeM Ta (abo) reHepallieio
IMHAMO-CTpyMy Iipu nomupeHHi AI'X Ha Bucorax E-oGmacti ioHocdepu. st Toro 1106 BCTAHOBUTH, SIKMI MeXa-
Hi3M nepeBaxae y (popMyBaHHI CIIOCTePEXKYBAaHOIO €JIEKTPOMArHiTHOTO BiATYKY, HEOOXiAHI OB JOCTiIXKEHHS.

Kumouosi ciioBa: atMocdepHi rpaBiTaliiiiHi XBWIi, FTeOMarHiTHI MyJibcallii, ¢GJyKTyallii MarHiTHOTO MoJist
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