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Abstract: We examine the geomagnetic variations observed from the SAMBA network
during the partial solar eclipse on November 25, 2011, in Antarctica. The eclipse reached
nearly 90% obscuration in the western Antarctic Peninsula at the point of greatest eclipse
at 06:21 UTC. Six magnetic ground stations distributed across Chile and Antarctica,
around 0° longitude and at various latitudes, were used to collect geomagnetic field data
in X, Y, and Z coordinates at a 1-second resolution. A baseline from the international Q-
days of the month was applied to filter out isolated signals caused by the eclipse. Results
indicated a systematic decrease in both the X and Y components, synchronized with the
passage of the penumbra.
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1. Introduction

When the Moon aligns between the Earth and the Sun during an eclipse,
it obstructs solar radiation and can induce perturbations in the Earth’s at-
mosphere, ionosphere, and geomagnetic field, offering a unique opportunity
for scientific investigation. This transient phenomenon is classified as total
(TSE), annular (ASE), or partial (PSE), depending on the extent of solar
disk coverage. However, the rarity of eclipses in regions with geophysical
monitoring stations limits the availability of high-resolution observational
data.

The impact of solar eclipses on the Earth’s environment has been exten-
sively studied across multiple disciplines. One of the key areas of investiga-
tion is the effect on the ionosphere, particularly the decay in total electron
content (TEC) due to reduced ionization caused by the temporary absence
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of solar ultraviolet (UV) and extreme ultraviolet (EUV) radiation (e.g. Ku-
mar et al., 2013; Jenan et al., 2021). Additionally, solar eclipses have been
linked to the generation of gravity waves, which propagate through the
atmosphere as a response to localized cooling and subsequent pressure vari-
ations (Jakowski et al., 2008; Chen et al., 2011). Moreover, meteorological
effects such as changes in temperature, wind patterns, and cloud formation
have been reported during eclipse events (e.g. Akimov and Chernogor, 2010;
Aplin et al., 2016; Ili¢ et al., 2018; Lazzis et al., 2022).

Beyond atmospheric effects, solar eclipses have been identified as exter-
nal perturbations that induce variations in the Earth’s geomagnetic field.
These changes are attributed to modifications in ionospheric currents and
alterations in the interaction between the solar wind and the Earth’s mag-
netosphere (Chapman, 1933; HvozZdara and Prigancovd, 2002; Meza et al.,
2022). Several studies have documented significant deviations in the X
and Y components of the geomagnetic field during total and partial solar
eclipses. For example, Malin et al. (2000), Stiestik (1999), and Ozcan and
Aydogdu (2004) reported variations of up to 10 nT in the geomagnetic field
during the TSE of August 11, 1999, in Europe. Bencze et al. (2007) further
analysed a twofold decrease in the intensity of geomagnetic pulsations dur-
ing the same eclipse, both within and around the totality zone. Momani et
al. (2011) observed a sharp decrease of —10 nT in the X component with no
significant changes in the Y and Z components during the TSE of November
23, 2003, in Antarctica.

Further investigations have examined geomagnetic variations across dif-
ferent eclipse events. Adushkin et al. (2007) reported fluctuations in the
X component, declination, and inclination of the geomagnetic field during
the TSE in Russia on March 29, 2006. Additionally, Ates et al. (2011) and
Onovughe (2013) detected an anomalous decrease in geomagnetic field inten-
sity during the same event in Turkey. Ladynin et al. (2011) found reductions
of approximately —10 nT in the X component and an increase in inclination
during the TSE of August 1, 2008, in Russia. Ates et al. (2015) reported
another anomalous decrease in geomagnetic field intensity during the PSE
in Turkey on January 4, 2011. Also, studies by Ruhimat et al. (2016) doc-
umented that the X component of geomagnetic variation decreased by up
to 5 nT, while the Y component increased during the PSE in Indonesia
on March 9, 2016. In contrast, Zubaidah et al. (2016) reported reductions

116



Contributions to Geophysics and Geodesy Vol. 55/2, 2025 (115-129)

of 10 nT in the X and Y components, while the Z component increased,
for the same eclipse. Additionally, Kim and Chang (2018a, 2018b, 2018c)
demonstrated simultaneous decreases and increases in the X and Y com-
ponents, respectively, using data from multiple geomagnetic observatories
within the International Real-time Magnetic Observatory Network (INTER-
MAGNET). The most recent observations by Vega-Jorquera et al. (2021) in
Chile reported changes of approximately 12 nT in all components of the ge-
omagnetic field during the TSE of July 2, 2019. Also, Lazzus (2022; 2023),
have documented different changes in the geomagnetic field during differ-
ent solar eclipses in Chile and Antarctica sector, demonstrating the diverse
nature of these effects across different locations and times. Note that the
discrepancies in the effects on the components of the geomagnetic field, as
reported in the studies mentioned, can be attributed to several factors. Geo-
graphical differences, such as variations in the strength of the local magnetic
field and latitude, affect the observations of geomagnetic changes. Further-
more, the timing and duration of the eclipse influence the magnetic field
variations, as different phases of the event may produce different results.
Other factors, such as local atmospheric and ionospheric conditions, can
also influence these geomagnetic variations. These factors suggest that fur-
ther analysis of the effects of eclipses is needed to establish a more detailed
comparative analysis, considering all these methodologies and locations to
fully understand these discrepancies.

On November 25, 2011, a PSE occurred over Antarctica, offering a rare
chance to examine its effects on the geomagnetic field. This study utilizes
data from six ground-based magnetic stations that are part of the South
American Meridional B-Field Array (SAMBA), strategically positioned in
Chile and Antarctica, to analyse the PSE’s influence on the geomagnetic
field. The positioning of these stations is crucial, as it spans different geo-
graphical locations, allowing for a comprehensive analysis of how the eclipse
may have influenced the geomagnetic field across a range of latitudes. Fur-
thermore, the local time of the eclipse event, which occurred during specific
daylight hours in these regions, presents a unique opportunity to study the
geomagnetic response under such conditions. Despite its significance, to the
best of the authors’ knowledge, no studies have been published specifically
on the impact of this eclipse on the geomagnetic environment.
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2. Partial solar eclipse of November 25, 2011

The solar eclipse of November 25, 2011, was a partial eclipse, belonging to
Saros cycle 123 (53 of 70), with a magnitude of 0.905 and a maximum solar
obscuration of 90.5% over Antarctica. It occurred at the descending node of
the Moon’s orbit, when the Moon, at a geocentric distance of approximately
365,907 km, partially covered the Sun. The eclipse began at 04:23 UTC,
reached its maximum at 06:21 UTC, and ended at 08:18 UTC. It was visible
in the Southern Hemisphere, with the greatest coverage in Antarctica and
lesser visibility in southern Africa, Tasmania, and New Zealand. Figure 1
provides a detailed map using an orthographic projection to illustrate the
path of the eclipse. This map highlights the trajectory of the eclipse, in-
dicating the areas where the event was visible and the varying degrees of
obscuration experienced at different locations.

On the other hand, it is pertinent to clarify the space weather condi-
tions during this event. Notably, before, during, and after the eclipse, the
geomagnetic conditions exhibited slight variations without indicating sig-
nificant disturbances. Before the eclipse, the interplanetary magnetic field
(IMF) had a magnitude of 5.7 nT, with stable components, while the solar
wind had a density of 4.7 cm™2 and a speed of 385 km/s. The geomag-
netic indices reflected low activity, with Dst at —9 nT and Kp values of 20,
1—, 0+, 2—, 30, 2—, 20, and 3—. During the eclipse, the IMF magnitude
slightly decreased to 5.4 nT, with variations in By and Bz, while the solar
wind density dropped to 4.1 cm™3 and its speed increased to 403 km/s.
Since the Kp values were 2+, 20, 1+, 0+, 0+, 04+, 04, and 2—, geomag-
netic activity decreased; however, Dst reaching —12 nT indicates a subtle
intensification. After the eclipse, the IMF magnitude decreased to 4.6 nT,
while the solar wind density increased to 4.8 cm ™2 and its speed decreased
to 388 km/s. The geomagnetic indices recorded Dst at —4 nT, with Kp
values of 1—, 0+, lo, lo, 1o, 1—, lo, and 2—. Additionally, during the same
days, the daily averages of the ap and F10.7 indices showed values of 4 nT
and 130, respectively. Regarding the orientation of the interplanetary mag-
netic field, the Bz component recorded an average negative value of —0.3 nT
(southward-oriented) on the day before the eclipse. In contrast, both the
eclipse day and the following day registered an average positive value of
0.8 nT (northward-oriented), indicating a more stable behaviour in the mag-
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netosphere. To clarify, the IMF and solar wind parameters were obtained
from OMNIWeb (https://omniweb.gsfc.nasa.gov/) using measurements
from the ACE and Wind satellites. The Kp index was taken from the
GFZ Helmholtz Centre for Geosciences (https://kp.gfz-potsdam.de/),
and the Dst index was obtained from Kyoto’s World Data Center for Ge-
omagnetism (https://wdc.kugi.kyoto-u.ac.jp/). Overall, solar activity
was relatively low, a key factor in understanding the potential geomagnetic
effects observed during this PSE. This low activity created optimal condi-
tions for isolating the eclipse’s effect on the geomagnetic field.

Fig. 1. Map with the orthographic projection of the PSE on November 25, 2011.
The graphic shows obscuration levels and times (UTC) along the eclipse path. P1
denotes the beginning of the partial eclipse, while P4 marks its end. Additionally,
the inverted triangles indicate the locations of the SAMBA stations involved in this
study. From Antarctica to Chile (or from mid to low geomagnetic latitudes), the sta-
tions are: Palmer (PLMR), O’Higgins (OHI), Escudero (ESC), Punta Arenas (PAC),
Osorno (OSNO), and Cerrillos (CER). Image modified from NASA’s Eclipse Web Site
(https://eclipse.gsfc.nasa.gov/).
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3. Instruments and database

We used six stations from the South American Meridional B-Field Array
(SAMBA) to investigate the geomagnetic response during the PSE. This
network of magnetic stations is strategically distributed across Chile and
Antarctica, covering a broad range of geomagnetic latitudes from —5° to
—50° and around 0° geomagnetic longitude (Boudouridis and Zesta, 2007).
To precisely record variations in the Earth’s magnetic field, SAMBA em-
ploys three-component fluxgate magnetometers, capable of measuring the
X (North), Y (East), and Z (Down) components of the geomagnetic field.
These measurements are conducted at a 1-second temporal resolution, al-
lowing for the detection of subtle fluctuations in the intensity and direction
of the magnetic field during the eclipse (data is available on the SAMBA
website: http://magnetometers.bc.edu/). Additionally, due to its geo-
graphic distribution, these stations provide essential coverage for studying
these disturbances. The location of three stations on the Antarctic Penin-
sula coincided with the eclipse path, experiencing a magnitude greater than
0.87. Notably, during the eclipse, these stations were on the daytime side.
In contrast, the remaining stations, located in Chile, were on the nighttime
side during the eclipse but still within the eclipse trajectory (see Fig. 1).
This variability in conditions among the selected stations is essential for
identifying possible eclipse-induced disturbances and distinguishing these
effects from other geomagnetic variations of external origin. Table 1 sum-
marizes the specific eclipse conditions for the SAMBA stations used in this
study.

To analyse the geomagnetic effects of the eclipse, these stations contin-
uously recorded data before, during, and after the event. A total of 86,400
data points per day were collected to capture temporal variations of each
component of the geomagnetic field. To separate eclipse induced varia-
tions from background geomagnetic activity, a baseline method was applied
(e.g. Yamazaki et al., 2011). This approach involved selecting the 10 qui-
etest international Q days of the same month to establish an average refer-
ence for typical geomagnetic conditions. By subtracting this baseline from
the data recorded on the eclipse day, we effectively isolated the geomagnetic
disturbances specifically associated with the eclipse, using a similar method
to the one used in determining AE indices (Kamei et al., 1986).
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Table 1. Details of each SAMBA station involved in this study. Columns 3 to 5 present
the geographic and magnetic coordinates, while columns 6 to 9 provide the eclipse cir-
cumstances.

Partial Partial

Cory C% GoorLon! Mo Lo, L besims R endst Mom
- Lon. - Lon UTC UTC

Cerrillos CER —33.45 —19.80 1.13 - o o

Chile ~70.60 0.75

Osqrno 0OSNO —40.34 —26.39 1.95 - o o

Chile ~73.09 0.27

Pt:{u. Arenas PAC —53.20 —38.27 1.63 o o o

Chile ~70.90 2.87

Escudero  pge —6218  —ATIAT 945 (5.15.95 06:02:24 06:50:17 0.87541

Antarctica —58.92 11.45

O’Higgins HI —63.32 —48.80 99 15:22 06:02:42 06:50:

Laseins o o g 228 05:15:22 06:02:42 06:50:57 0.87787

Palmer — pyyg  —6477  —49.74 539 (5.19.58 06:07:27 06:55:42 0.89023

Antarctica —64.05 9.2

4. Results and discussion

Figure 2 illustrates the variations in the X (North), Y (East), and Z (Down)
components of the geomagnetic field, represented as AX, AY, and AZ, dur-
ing the eclipse time window. To facilitate interpretation, a vertical solid line
marks the moment of the greatest eclipse, which corresponds to the maxi-
mum phase of obscuration within the region of observation. Additionally,
the specific time of the maximum partial eclipse for each station is indicated
by a vertical dashed line, allowing for a direct comparison of the timing of
geomagnetic fluctuations with the local eclipse conditions.

Using the SAMBA stations, our results allow us to study the changes
in the components of the geomagnetic field during the eclipse at different
magnetic latitudes. As observed, the stations located in Chile, such as CER
(—19.80°), OSNO (—26.39°), and PAC (—38.27°), show minor but still no-
ticeable changes in the signal components that coincide with the eclipse
period (see Fig. 2, panels in rows a—c). Notably, these stations exhibit pro-
gressive changes across their latitudes. In these three stations, the AX and
AY components show a gradual decrease from the beginning of the eclipse
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Fig. 2. Geomagnetic variations recorded during the partial solar eclipse of November 25,
2011. From left to right, the columns represent: (1st) X component, (2nd) Y component,
and (3rd) Z component. From top to bottom, the rows correspond to: (a) Cerrillos (CER),
(b) Osorno (OSNO), (c) Punta Arenas (PAC), (d) Escudero (ESC), (e) O’Higgins, and
(f) Palmer (PLMR) stations. The vertical solid line indicates the moment of the greatest
eclipse, while the vertical dashed line marks the maximum eclipse at each location. On
the far right of each row, the station code and magnetic latitude for each SAMBA station
are provided.

to its partial maximum, becoming more pronounced as we move from lower
latitudes, such as CER (—19.80°), to mid-latitudes, such as PAC (—38.27°).
In contrast, the AZ component does not show any changes attributable to
the eclipse at these stations.

On the other hand, the stations located in Antarctica exhibit even more
significant variations in their components, which can be attributed to the
eclipse. At the ESC station (—47.17°), the AX and AY components also
show a gradual decrease from the beginning of the eclipse to its partial max-
imum. During this interval, the AX component decreases by approximately
6 nT, while the AY component decreases by about 4 nT, both before the
moment of greatest eclipse. Additionally, the AZ component shows an in-
crease of approximately 3 nT, also coinciding with the partial maximum
(see Fig. 2, panels in row d). Furthermore, the OHI (—48.80°) and PLMR
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(—49.74°) stations exhibit a similar but even more pronounced behaviour
than that recorded at ESC within the eclipse time window. During the par-
tial maximum, a more significant decrease is observed in both the AX and
AY components, with values reaching up to —10 nT. At the same time, the
A7 component shows an increase of approximately 5 nT during the partial
maximum at both stations (see Fig. 2, panels in rows e-f).

It should be noted that the behaviour of the three components is more
complex than the dominant trends previously described. In the panels of
Figure 2, there are moments that interrupt the gradual decrease or increase
of the components at ~05:50 and ~06:32 UTC. In Figure 2, column 1, an
initial decrease in AX is observed, followed by a temporary increase at
~ 05:50, and then another decrease, reaching a minimum at the time of
maximum eclipse at each station. Similarly, AY shows a gradual decrease,
followed by a slight temporary increase at ~05:50, before resuming its pro-
gressive decline to a minimum at the time of maximum eclipse (see Fig. 2,
column 2). In contrast, AZ begins with a gradual increase, reaching a min-
imum at ~ 05:50, exhibiting an inverse behaviour compared to the other
components (see Fig. 2, column 3). We hypothesize that this particular
feature observed at ~ 05:50 UTC could be a localized effect or a transient
characteristic related to eclipse dynamics. Possible contributing factors in-
clude ionospheric disturbances or localized geomagnetic fluctuations that
momentarily influenced the signals of the geomagnetic components (e.g.,
Meza et al., 2021; Meza et al., 2022). On the other hand, at ~06:32 UTC,
this may mark the end of the maximum eclipse for this sector. The rea-
son why a rapid recovery to pre-eclipse conditions is not observed after this
point, but rather a more pronounced evolution of the mentioned trends for
each component, is that ionization levels and atmospheric dynamics require
time to recover, leading to lingering effects on ionospheric currents and ge-
omagnetic fields even after the eclipse has ended (Chapman 1933).

In general, our results show a contrasting behaviour between the AX/AY
components and the AZ component at all stations, in complete synchrony
with the penumbra. In addition, the path of the eclipse can be mapped
across different latitudes by tracking the changes observed in the compo-
nent graphs. This systematic decrease in the AX/AY components suggests
a direct influence of the eclipse on horizontal geomagnetic field variations,
likely driven by ionospheric disturbances (see Fig. 2, panels in columns 1-2).
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In contrast, the AZ component exhibits a continuous increase as the eclipse
progresses across the stations (see Fig. 2, panel in column 3). This trend
indicates a gradual shift in geomagnetic field dynamics, potentially linked
to changes in ionospheric currents or modifications in the electrodynamic
coupling between different atmospheric layers due to eclipse-induced tem-
perature variations, which influence the vertical magnetic field component
(Meza et al., 2021; Meza et al., 2022). Furthermore, a comparative anal-
ysis of the geomagnetic field data during the days preceding and following
the eclipse, within the same time window, confirms the absence of anoma-
lies. Additionally, a careful examination of external influences during the
observation period confirms that no significant solar or geomagnetic distur-
bances, instrumental malfunctions, or other extrinsic factors were present
that could have affected the recorded geomagnetic field variations. This
reinforces the conclusion that the observed variations in the AX, AY, and
A7 components are directly related to the eclipse and not to other transient
geomagnetic phenomena.

When comparing our results with similar analyses of other solar eclipses
over the Chile and Antarctica sector, we observe both consistencies and
notable differences. Lazzis (2022) reported a pattern similar to the one
observed in this study during the total solar eclipse of July 11, 2010, where
both the X and Y components decreased, while the Z component increased.
In contrast, Lazzis (2023) observed a different response during the partial
solar eclipse of September 11, 2007, with a decrease in the X component, an
increase in the Y component, and a flattening of the Z component signal.
Notably, the differences in the behaviour of certain components, particu-
larly the Y and Z components, suggest that distinct observational condi-
tions played a key role in shaping geomagnetic responses. For instance, the
2010 eclipse ended at dusk, with the Sun at an altitude of approximately
1° above the horizon. This low solar elevation likely influenced ionospheric
conductivity and geomagnetic variations. Conversely, the 2007 eclipse oc-
curred around noon, when the Sun was at its maximum altitude, leading
to a different ionospheric response. For the eclipse analysed in this study,
it took place at dawn with an altitude of ~1°, where this condition likely
produced a response similar to that of the 2010 eclipse.

Accordingly, Stankov et al. (2017) emphasize that geomagnetic variations
during a solar eclipse are influenced by multiple interrelated factors. These
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include the geographic location of the observation site, seasonal effects, and
the extent of solar radiation reduction. The interplay of these factors affects
the dynamics of ionospheric currents, leading to variations in the geomag-
netic field that differ across eclipse events. One of the most critical factors is
the geographic location of the stations, as the stations at different latitudes
may experience distinct responses depending on their position relative to
the path of the umbra and penumbra (Lazzis, 2023). Seasonal effects also
play a crucial role in shaping the geomagnetic response. The ionospheric
conductivity varies throughout the year due to changes in solar zenith an-
gle and atmospheric composition, particularly in the distribution of ionized
particles. Furthermore, the degree of solar radiation reduction during an
eclipse directly impacts ionospheric electrodynamics (Jenan et al., 2021). A
total eclipse results in a more significant drop in ionospheric electron den-
sity compared to a partial eclipse, leading to more pronounced disruptions
in geomagnetic field components. This distinction may explain why past
eclipse studies report differences in geomagnetic signals.

On the other hand, the results obtained for this eclipse (see Fig. 2) align
well with the theoretical predictions proposed by Chapman (1933), which
describe how the temporary reduction in solar radiation during an eclipse
alters ionospheric conductivity. Specifically, our results agree with the pre-
diction that the sudden loss of solar radiation during an eclipse causes local-
ized cooling in the ionosphere, as ion production depends on solar UV radi-
ation. This decrease in ionization leads to changes in conductivity, which in
turn modify the ionospheric dynamo, resulting in temporary perturbations
in the geomagnetic field consistent with the eclipse event. Additionally,
several researchers have documented similar effects, further validating the
results of this study (some examples can be found in Section 1). These re-
ports confirm that geomagnetic field variations during solar eclipses follow
a predictable pattern, with fluctuations in the horizontal (AX and AY) and
vertical (AZ) components linked to ionospheric disturbances. More recent
research, including works by Momani et al. (2011), Ates et al. (2011), La-
dynin et al. (2011), and Babakhanov et al. (2013), have demonstrated that
the magnitude and duration of geomagnetic perturbations depend on fac-
tors such as eclipse geometry and ionospheric conditions.

Given this, it is reasonable to attribute the detected variations to the
so-called “lunar shield” effect. This phenomenon describes the temporary
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obstruction of solar radiation by the Moon, which disrupts the normal iono-
spheric balance. As solar radiation is momentarily blocked, the ionization
levels in the ionosphere decrease, leading to reduced conductivity. This, in
turn, alters the prevailing ionospheric currents, which play a crucial role
in generating geomagnetic field variations. As the eclipse progresses and
solar radiation returns to normal levels, the ionosphere gradually recovers,
restoring the typical geomagnetic field configuration (see Fig. 2).

5. Conclusions

The study of the November 25, 2011, partial solar eclipse provides further
evidence of the direct influence of solar eclipses on geomagnetic field vari-
ations, reinforcing the link between solar radiation, ionospheric currents,
and geomagnetic fluctuations. To analyse these effects, data were collected
from six SAMBA network magnetic stations strategically positioned at dif-
ferent magnetic latitudes around the 0° geomagnetic longitude and within
the eclipse’s penumbra. These stations enabled a comparative analysis of
geomagnetic responses at different latitudes during the eclipse. The X, Y,
and Z components of the geomagnetic field were examined relative to a
baseline and analysed during the eclipse’s time window.

This analysis led to several important conclusions regarding the influence
of the eclipse on the geomagnetic field:

1) A systematic decrease in both the X and Y components was observed
during the eclipse, reaching a minimum near the partial maximum. The
Z component exhibited an increase, contrasting with the behaviour of
the other components.

2) No significant solar or geomagnetic disturbances were detected during
the observation period, ruling out external sources as potential contrib-
utors to the observed variations. Additionally, a careful verification of
instrumental performance confirmed that no malfunctions affected the
recorded data.

3) All detected changes in the geomagnetic field components can be di-
rectly attributed to the lunar shield effect, where the Moon’s temporary
obstruction of solar radiation modifies ionospheric conductivity and in-
fluences geomagnetic field dynamics.
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4) The results presented here are consistent with both theoretical predic-
tions and prior observational studies, further supporting the established
understanding of solar eclipses’ impact on geomagnetic variations.
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