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Abstract: The effects of the geomagnetic storm on August 26, 2018 on the ionospheric TEC fluctuations in the high latitude
region were investigated. This study is based on TEC data obtained by the UNAVCO dual-frequency GPS devices at the northern
stations of Hofn and Kiruna, and the southern stations of Mawson and Syog. The results of this study show that the variation
of TEC is more noticeable in the northern hemisphere of the Hofn and Kiruna stations than in the southern hemisphere of
the Mawson and Syog stations on the August 26, 2018 storm. Interestingly, the midnight TEC became comparable to the
daytime TEC over both northern and southern stations, indicating the ingestion of additional plasma from higher latitudes into
the northern stations. The positive enhancement of ATEC values were higher over Hofn and Kiruna on August 26, 2018 by
about 170%, and 180% than Mawson and Syog by about 70%, and 150% stations, respectively. During geomagnetic storm of
August 26, 2018, the Hofn and Kiruna stations had a much greater negative impact on ATEC = -50% than the Mawson and
Syog stations ATEC = -40%. The ATEC over each station are caused by a significant rise in the Kp index and the opposite
polarity of the interplanetary electric field (IEF Ey) in the northward direction and the southward decrease of the interplanetary
magnetic field (IMF Bz). The decrease in Dst-index and AH during the main phase of the storm increased TEC over Kiruna and
Mawson stations. Furthermore, the values of changes in TEC was stronger over Kiruna station in the northern hemisphere than
over Mawson station in the southern hemisphere, indicating that the northern stations received more additional plasma than the
southern stations during the August 26, 2018 geomagnetic storm. During the August 26, 2018 geomagnetic storm, the values
of the horizontal component of Earth’s magnetic field decreased more over Kiruna station, about AH = -1500 nT, than over
Mawson station, about AH = -1300 nT. As a result, the changes in TEC are more pronounced over Kiruna station, where ATEC
= 180%, than over Mawson station, where ATEC = 70%. This indicates that during the August 26, 2018 geomagnetic storm, the
northern hemisphere receives more energy from the solar wind, which produces particle acceleration and precipitation, higher
field aligned currents, and ionospheric electrojets.
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1. Introduction

The effective movement of energy from solar wind eruptions
from the sun’s active regions into the Earth’s magnetosphere
causes massive disruptions known as geomagnetic storms [1].
Such disruptions create perturbations in the charged particles
of the ionosphere, which can have a negative impact on
radio-wave transmissions and satellite communications. These
effects have been claimed to be particularly pronounced in
the earth’s ionosphere’s equatorial regions, where considerable
changes in ionospheric parameters have been seen, owing to

the presence of a ring current moving in the equatorial plane
[2, 3, 4].

When high-speed plasma released into the solar wind by
coronal mass ejections or coronal holes interacts with Earth’s
geomagnetic field, geomagnetic storms occur [5]. If the
incoming solar wind plasma has a southward magnetic field,
energy is efficiently transmitted into the magnetosphere and
upper atmosphere of Earth [6]. The strength of the low-latitude
magnetic index, Dst, which is a measure of the magnetospheric
ring current, has come to characterize the scale of the
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geomagnetic storm [7, 8]. Although the ring current is not
a major determinant of the upper atmosphere, its sources are
linked; Dst may reflect the amount of magnetospheric energy
input to the upper atmosphere [9, 10].

So, from the perspective of the upper atmosphere, a
geomagnetic storm is a period when there is a significant
rise in this magnetospheric source for several hours to days
[11]. When a storm happens, auroral particle precipitation
develops and spreads to lower latitudes than usual, and
the magnetospheric electric field mapped to the atmosphere
accelerates and spreads in conjunction with the auroral oval
[12].

The auroral particles heat and ionize the gas, increasing
atmospheric conductivity, and the electric field interacts with
the enhanced conductivity to increase Joule heating, the
dominant atmospheric energy source during a storm [13].

Under disturbed conditions generated by solar wind
magnetosphere coupling, the ionosphere in the auroral regions
may become very turbulent, increasing the probability of
irregularities forming; these irregularities, on a different scale,
create changes in the total electron content (TEC fluctuations)
[14, 15].

One of the main topics in space weather effects is the
response of the ionospheric TEC to a geomagnetic storm.
There are initial, main, and recovery phases of geomagnetic
storms following a sudden storm commencement (SSC). The
magnetospheric electric field and particle precipitation patterns
grow during the initial phase; the electric fields become
stronger, and the precipitation intensifies. The Joule and
particle heating rates, as well as the electrojet currents,
increased during this period. During the main phase, the
energy input to the upper atmosphere is greatest, whereas
during the recovery phase, geomagnetic activity and energy
input are lowest [16].

Large storms may dramatically change the density,
composition, and circulation of the ionosphere-thermosphere
system on a global scale, and the changes can last for
many days after the geomagnetic activity ends. A positive
ionospheric storm occurs when electron density increases as
a result of storm dynamics, whereas a negative ionospheric
storm occurs when electron density decreases [17].

The positive ionospheric storm is explained by increases
in oxygen density, changes in meridional winds that lead
the ionosphere to higher altitudes with lower recombination
rates, an eastward electric field that uplifts the ionosphere
while also leading it to lower recombination rates,
downward protonospheric plasma fluxes, traveling ionospheric
disturbances (TIDs), and plasma redistribution due to
disturbed electric fields. The main phase of the storm,
on the other hand, is accompanied by changes in neutral
composition, which results in a decrease in the O/N2 density
ratio attributable to atmospheric disturbances [16, 18].

Many researchers have investigated the variations of the
ionospheric total electron concentration (TEC) over different
regions of the ionosphere as [19, 20, 21, 22, 23, 24, 25] and
[26]. Large-scale fluctuations are produced by ionospheric
irregularities larger than 100-350 km in scale and manifest as

significant spatial changes in TEC [27]. With different satellite
signals, the formation of TEC variations over high latitude
regions of the Earth has been examined [28].

To study the impacts of geomagnetic storms on the
ionospheric TEC variations, Global Positioning System (GPS)
observations can provide us with measurements from which
TEC can be estimated [29, 30].

The author presents and discusses the ionospheric TEC
variability in high latitude sectors as a result of the intense
geomagnetic storm of solar cycle 24 that occurred on August
26, 2018, with the minimum Dst index reaching -180 nT at
08:00 UT in this paper. To describe variation and explain
the ionosphere’s dynamical condition, the ionospheric TEC is
highly helpful.

The coupling of the magnetosphere and solar wind causes
the ionospheric TEC to respond to the geomagnetic field and
electric fields imposed by dynamos operating in the Earth’s
atmosphere [2].

In the present study, the effects of the August 26,
2018 geomagnetic storm on TEC variability over the high
latitude regions of northern and southern stations are studied.
This study is important in understanding the variability of
ionospheric TEC over northern and southern stations in high
latitude regions due to the effects of the August 26, 2018
geomagnetic storm.

2. Data and Methodology

The TEC values were calculated using data collected
by GPS receivers over the high latitude regions of Kiruna
and Hofn stations in the northern hemisphere and Mawson
and Syog-East Ongle Antarctica stations in the southern
hemisphere.

During the August 26, 2018 geomagnetic storm,
ionospheric TEC data from four stations were analyzed to
investigate ionospheric TEC variability over high latitude
stations. The data was obtained using dual-frequency GPS
devices from UNAVCO (University NAVSTAR Consortium)
(http://www.unavco.org/data/gps-gnssdata/).

The values of the solar wind parameters, such as the
interplanetary magnetic field (IMF Bz), interplanetary electric
field (IEF Ey), plasma speed (v,), as well as the Kp and Dst-
indices, were taken from the omni data sets website, which
can be accessed at the (https://omniweb.gsfc.nasa.gov). The
station code with their name, geographical and geomagnetic
latitudes and longitudes with the universal time relations with
the local time of each station are given in Table 1.

The observational data from four GPS stations: Hofn,
Kiruna, Mawson, and Syog stations, was used to find the
change in TEC during the geomagnetic storm of August 26,
2018 using Equation 1.

dTEC = TECobs — TECq (1)

Where T'EC, is TEC during storm days, T EC, is TEC
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during mean quiet days. Changes in TEC in percent over all
stations is obtained using Equation 2.

TEC.ws — TEC

_ q
ATEC = e x 100% )

In this study, the magnetometer data assessed from
the International Real-Time Magnetic Observatory Network
(www.intermagnet.org). It generates one-minute values for
the Earth’s magnetic field’s northward (X), eastward (Y), and
vertical (Z) components, while the horizontal component (H)
is calculated using Equation 3.

H=+vX2+Y?2 3)

The night-time baseline values in the H component Equation
4 were obtained for each day and subtracted from the

corresponding magnetometer data sets to obtain the hourly
departure of H as expressed by Equation 5 in order to avoid
different offset values of various magnetometers. The average
of the night-time (23:00-02:00 LT) value of the H component
of the Earth’s magnetic field was used to calculate the baseline
value.

(Has + Hay + Ho1 + Hoz)
4

H, = “4)

Where Hss + Hoy + Hyp1 + Hoo are the hourly values of H at
23:00, 24:00, 01:00 and 02:00 in local time (LT) respectively.
H=H(t) - H, 5)

Where t is the time in hours ranging from 01:00 LT to 24:00
LT.

Table 1. Geographical locations of all stations over high latitude regions.

Station Code Station Name Geogra. Lati. Geogra. Long Geomag. Lati. Geomag. Long UuT

Hofn Iceland 64.26729°N 344.80208°E 64.533641°N 75.006904 °E UT+23:00
Kiro Kiruna 67.87757°N 21.06023°E 64.312603°N 105.151356°E UT+1.00
Maw1 Mawson 67.60477°S 62.87072°E 70.136534°S 89.921448°E UT+4.00
Syog Syog Ongel 69.00696°S 39.58374°E 66.063887°S 71.441184°E UT+3.00

3. Results and Discussions

Results based on TEC measurements from four GPS sites
such as Kiruna and Hofn in the northern hemisphere; Mawson;
and Syog in the southern hemisphere are presented in this
section. The findings of this study describe the diurnal
variability of TEC, changes in TEC, and solar wind parameters
with the changes in TEC during the geomagnetic storm on
August 26, 2018 using ionospheric parameters and finally
compare the change in value with the horizontal component of
the magnetic field and Dst-index over Kiruna in the northern
hemisphere and Mawson in the southern hemisphere.

3.1. Diurnal Variations of TEC During the Geomagnetic
Storm of August 26, 2018

The most significant sources of ionization and fluctuations
in ionospheric TEC are the Sun and its activities [31, 32]. As
a result, the ionospheric structure and total electron content
change significantly in response to solar-related ionospheric
and geomagnetic disturbances [33]. Figure 1 depicts the
diurnal fluctuation of ionospheric TEC measured over four
GPS stations in high latitude regions during the geomagnetic
storm of August 26, 2018. The variations of TEC throughout
the northern and southern hemispheres of all stations during
the geomagnetic storm’s initial (25-08-2018), main (26-08-
2018), and recovery (27-08-2018) phases are described below.

On August 25, 2018, the TEC value at the Hofn station
reached a maximum of 12.25 TECU around 18:00 UT at

midnight. On August 26, 2018, TEC had 7.9 TECU at a day
side time of around 04:00 UT over Hofn station. On August
27, 2018, the value of TEC was about 8.6 TECU at night time,
between 14:00 UT and 16:00 UT, was observed. At Kiruna
station on August 25, 2018, the TEC observed was about 7
TECU at noon, around 09:00 UT (10:00 LT), and about 8
TECU at 17:00 UT (18:00 LT). Also, on August 26, 2018,
about 9 TECU of TEC in the morning around 03:00 UT (04:00
LT) was recorded. Finally, on August 27, 2018, the TEC value
was about 6.6 TECU at noon time, around 09:00 UT (10:00
LT), and at night time, around 18:00 UT (19:00 LT), over
Kiruna station.

Over the Mawson station, the variability of TEC has an
average of about 8 TECU around the noon time at 09:00 UT
(13:00 LT) and around the midnight time at 19:00 UT (23:00
LT) during the initial phase on August 25, 2018. During the
main phase of the storm on August 26, 2018, the value of TEC
was about 7.5 TECU at the day side time of around 05:00 UT
(09:00 LT). TEC has a value of about 7.4 TECU at noon time,
around 06:10 UT (09:10 LT) over Mawson station, despite
being in the recovery phase on August 27, 2018 storm. At
Syog East-Ongle, TEC has a value of about 7.8 TECU at day
side time around 11:30 UT (14:30 LT) during the initial phase
of the storm. Although on August 26, 2018, it is raised to a
value of about 10 TECU at the day side time of around 04:00
UT (07:00 LT). While during the recovery phase, TEC reaches
a value of about 5.8 TECU at noon, around 07:00 UT (10:00
LT).
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Diurnal variations of TEC during August 26, 2018 over Hofn and Kiruna
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Figure 1. Diurnal variations of TEC over Hofn, Kiruna, Mawson, and Syog stations
during the geomagnetic storm of August 25-27/08/2018.

3.2. Variations of TEC During the Geomagnetic Storm of
August 26, 2018

The values of ionospheric TEC change with the degree of
ionisation, which is typically higher during the day and lower
at night [34]. Figure 2 is used to describe the variations of
ionospheric TEC over Hofn and Kiruna stations in the northern
hemisphere and Mawson and Syog sites in the southern
hemisphere of the high latitude area during the geomagnetic
storm of August 26, 2018.

TEC increased significantly during the storm’s main phase
rather than the initial and recovery phases, especially during
the daytime. This may be due to the fact that during the dayside
time of main phase solar wind-magnetosphere interactions and
southward IMF Bz leads to the enhancement of ring current
and hermospheric circulation generated by the auroral zone
heating during main phase storm time, which in turn influences
the enhancement of ionospheric TEC over each sector [35].

In the Kiruna sector, the maximum TEC value was observed
during the main phase of the storm at the dayside time of
around 02:00 UT (03:00 LT). But over Hofn station, the
maximum TEC value was observed during the initial phase of

the storm at 18:30 UT (17:30 LT) and during the morning time
of the main phase around 03:00 UT. Over the Mawson sector,
the maximum TEC value was observed during the initial phase
of the storm at around 09:00 UT (13:00 LT) and during the
morning time of the main phase at around 04:00 UT. While
over Syog station, the maximum TEC value was observed
during the main phase of the storm at the day side time of
around 02:00 UT to 04:00 UT.

In general, over both the northern and southern hemispheres,
the enhancement and variability of ionospheric TEC are
observed at different universal times. This is due to the effects
of differences in local background solar activity over each
sector, i.e., continued sunlit activity in one sector and low
sunlit activity in the other, which results in different solar
disturbances produced by the sun [31].

TEC variations over Northern hemisphere during August 26, 2018

25.08-2018 | 26-08-2018 | : 27-08-2018 | {

o | ‘ ‘
10f i . vK‘“'una

TEC (TECU)

0 6 12 18 24 6 12 18 24 6 12 18 24
UT(hour)
TEC variations over Southern hemisphere during August 26, 2018

10
25-08-2018

26-082018 27-08-2018 ‘

——Mawson
—— Syog

TEC (TECU)

0 i I I i i I i i i i
0 6 12 18 24 6 12 18 24 6 12 18 24

UT(hour)

Figure 2. Variability of TEC over two northern and two souther stations during the
geomagnetic storm of August 26, 2018.

3.3. Changes in TEC Variability During the Geomagnetic
Storm of August 26, 2018

The variability of ionospheric TEC during the geomagnetic
storm and during the mean quietest days are explained
to understand the positive ionospheric storm and negative
ionospheric storm effects over all stations.

Figure 3 shows the values of the changes in TEC (ATEC)
observed over Hofn, Kiruna, Mawson, and Syog stations.

At Hofn station, during the initial phase of the disturbed
time from 06:00 UT (05:00 LT) to 23:59 UT (22:59 LT), a
greater value of TEC was observed than on the quiet days. In
turn, during the main phase of the observed time, from 00:00
UT to 06:00 UT (05:00 LT), a greater value of TEC was also
observed. This TEC variability results in a positive ionospheric
ATEC value of about 1.9 TEC units and 180% of TEC over
Hofn station at around 04:00 UT (03:00 LT). But from about
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06:00 UT to 23:59 UT of the main phase, a greater value of
TEC was observed during the quiet days than on the observed
days. This may lead to a negative ionospheric ATEC value of
about -1.6 TEC units and -60% of TEC over the Hofn station.
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Figure 3. Change in TEC variations during the geomagnetic storm of August 26, 2018.

At Kiruna station, during the initial phase of the observed
time from 15:00 UT to 23:59 UT, a greater value of TEC was
observed than on the quiet days. In turn, during the main phase
of the observed time, from 00:00 UT to 05:00 UT, a greater
value of TEC was also observed. This TEC variability results
in a positive ionospheric ATEC value of about 1.8 TEC units
and 150% of TEC over Kiruna station at 03:00 UT. But from
about 05:00 UT of the main phase to 18:00 UT of the recovery
phase, a greater value of TEC was observed during the quiet
days than the observed days. This may lead to the negative
ionospheric ATEC value of about -0.4 TEC units and -50% of
TEC over Kiruna station.

At Mawson station, during the initial phase of the observed
time from 07:00 UT to 16:00 UT, a greater value of TEC was
observed than on the quiet days. Also, from 19:00 UT to 05:30
UT, the main phase of the observed time, a greater value of
TEC was also observed. Because of this TEC variability, the
initial phase over Mawson station has a positive ionospheric
ATEC value of about 1 TEC unit and 100% of TEC at around
20:00 UT. But from about 06:00 UT to 12:00 UT of the main
phase, a greater value of TEC was observed during the quiet
days than on the observed days. This may lead to the negative
ionospheric ATEC value of about -0.3 TEC units and -30%
of TEC over Mawson station at 06:00 UT of the main phase.
However, over Syog station, during the initial phase of the
observed time from 06:00 UT of the initial phase to 23:00
UT of the main phase, a greater value of TEC was observed
during the storm days than the quiet days. These variability
of TEC leads to the positive ionospheric ATEC value of about
1.5 TEC units and 150% of TEC at around 04:00 UT of main
phase over Syog station. But from about 23:00 UT of main
phase to 16:00 UT of recovery phase, greater value of TEC was
observed during the quiet days than the observed days. This
may lead to the negative ionospheric ATEC value of about -
0.4 TEC units and -40% of TEC over Syog station at 00:00 UT
of the recovery phase.

3.4. The Changes in TEC with Solar wind Parameters
During the Geomagnetic Storm of August 26, 2018

Figure 4 depicts the variability in the Bz component of the
interplanetary magnetic field (IMF), the Ey component of the
interplanetary electric field (IEF), plasma speed (v,), as well
as the Kp and Dst indices, and the change in TEC during the
August 26, 2018 geomagnetic storm. The Dst-index, as shown
in Figure 4, reached a disruption of around -180 nT on August
26, 2018.

During the storm, the southward decreasing of IMF Bz was
observed at around -15.2 nT with Kp > 5 (70) when the solar
wind plasma speed and IEF Ey recorded values of 400 km/s
and 5.83 mV/m, respectively. The Bz component decrease
corresponds to the Dst index value. As the Dst-index dropped,
the storm occurred during the local day-side hour of the main
phase between 07:00 UT and 08:00 UT. The TEC value was
raised over both northern and southern hemisphere stations in
combination with a large increase in the Kp index value and a
declining more negative value of the IMF Bz [36].
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Figure 4. Changes in TEC variations with solar wind parameters over all stations during
the geomagnetic storm of August 26, 2018.

3.5. The Variations of Dst Index, Horizontal Magnetic
Field and Changes in TEC over Kiruna and Mawson
During August 26, 2018

A geomagnetic storm is distinguished by a depression in the
H component of the magnetic field induced by ring current
owing westward or eastward in the magnetosphere, which may
be tracked using the Dst-index [37].
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Figure 5. Dst-index, AH, and ATEC over Kiruna and Mawson stations during the
geomagnetic storm of August 26, 2018.

Variations in the horizontal component of the geomagnetic
field are caused by interactions between IMF Bz and the
magnetosphere. Because of the form and intensity of the
Earth’s dipole magnetic field, energetic ions travel from
midnight to dusk and energetic electrons flow to dawn,
according to [6]. The difference in flow directions of positively
and negatively charged ions produces an electric current, a ring
current that encircles the earth. This ring current, in turn, gives
the magnetic field the points opposite the dipole field at the
earth’s surface. As aresult, the ring current weakens the earth’s
magnetic field as measured on the surface [38].

Figure 5 shows the variability of Dst-index and the
horizontal component of the earth’s magnetic field (AH)
with ATEC over Kiruna station in the northern hemisphere
and Mawson station in the southern hemisphere. One can
understand that the decrement of the Dst-index and the
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enhancement of the westward aurora lead to a decrease in the
horizontal geomagnetic field of the earth of about AH =-1500
nT during the day side time around 04:00 UT. With this AH
decreasing, the ATEC value over Kiruna reaches a positive
value of around 160%.

At the same time, with the decrement of the Dst-index, AH
undergoes a more negative value of about -1300 nT at the day
side around 04:00 UT and the ATEC attains a positive value
of around 40% at Mawson station in the southern hemisphere.

This may be due to the interactions between IMF Bz and
the magnetosphere, which in turn lead to energy, momentum
transfer, and electric current movement in the ionosphere.

A geomagnetic storm occurs when a large amount of
energy enters the ionosphere from the solar wind. These
energy increase the flow of energy and momentum in to the
magnetosphere and the rate of convection [6]. Due to the
collisions in the inner magnetosphere equator-ward existing
auroral arc suddenly brightens and expands east and west
ward during sub-storm in turns rapid changes of TEC over the
stations [39].

4. Conclusion

The effects of the August 26, 2018 geomagnetic storm on
ionospheric TEC variability over two GPS sites in the northern
and southern hemispheres provide an outstanding chance to
examine ionospheric TEC variability.

1. The variability of TEC over Hofn and Kiruna stations
in the northern hemisphere indicates that there was a
greater value of TEC over Hofn station than over Kiruna
during the initial phase on August 25, 2018 between
12:00 UT and 23:59 UT. But, TEC was enhanced more
over Syog than Mawson station during the day side
of the main phase of the storm. This may be due
to the effect of solar heating conditions exercised over
the stations, with the sun-side over one station and the
clouded part over the other stations.

2. The positive enhancement of TEC was observed during
the main phase of the storm, having values of about
170% and 180% over Hofn and Kiruna stations,
respectively, at 05:00 UT. Similarly, at 05:00 UT of the
main phase, changes in TEC value over Mawson and
Syog stations were observed to be between 70% and
150%, indicating that changes in TEC over northern
stations were enhanced more than changes in TEC
over southern stations during the suggested geomagnetic
storm.

3. At Mawson station, the enhancement of TEC shows
opposite trends to those at other Syog, Hofn, and
Kiruna stations during the initial and recovery phases
of the storm. On August 25, 2018, the changes in
TEC increased to 100%, and on August 27, 2018, the
changes in TEC increased to 80% around 20:00 UT.
This might be due to the effect of the thermosphere-
ionosphere system on energy and momentum inputs
from the solar wind plasma, interplanetary magnetic

field (IMF), and the magnetosphere during the storm’s
initial phase, which involves nonlinear interactions of
dynamical, chemical, and electrodynamical processes at
various temporal and spatial scales [17].

. Interestingly, during the main phase of the storm on

August 26, 2018, the midnight TEC became comparable
to the daytime TEC over both northern and southern
sites, suggesting that the northern stations absorbed
more plasma from higher latitudes than the southern
stations.

. Highly a negative impact on TEC is measured

predominantly for Hofn and Kiruna about ATEC
= -50% than Mawson and Syog stations ATEC=-
40% during the August 26, 2018 geomagnetic storm
respectively.

. Plasma convection and auroral precipitation patterns

expanded as magnetic activity increased, electric
fields became stronger, convection speed increased,
fast plasma flows occurred, and particle precipitation
intensified at Kiruna and Hofn in the northern
hemisphere and Syog and Mawson in the southern
hemisphere. This may change the variability of TEC
throughout all stations during the storm’s main phase
[40].

. The variability of ATEC was more pronounced over

the northern hemisphere of Hofn and Kiruna than
in the southern hemisphere of Mawson and Syog
stations. This may be due to the fact that, the two
northern hemisphere stations are located around the
Polar Regions, and when the storm happens TEC was
extremely enhanced over the polar stations. Also, the
northern hemisphere experiences summer during the
month of August because it is tilted toward the sun and
receives the most direct sunlight.

. The changes in ionospheric TEC over each station

are caused by a significant rise in the Kp index and
the opposite polarity of the interplanetary electric field
(IEF Ey) in the northward direction and the southward
decrease of the interplanetary magnetic field (IMF Bz).
The decrease in Dst-index and AH during the main
phase of the storm increases changes in TEC (ATEC)
over Kiruna and Mawson stations. Furthermore, the
enhancement of changes in TEC was stronger over
Kiruna station in the northern hemisphere than over
Mawson station in the southern hemisphere, indicating
that the northern stations received more additional
plasma than the southern stations during the August 26,
2018 geomagnetic storm.

. Finally, during the August 26, 2018 geomagnetic storm,

decreasing values of AH were more pronounced over
the northern hemisphere of Kiruna station about AH =
-1500 nT than over the southern hemisphere of Mawson
station about AH =-1300 nT due to the enhancements of
ring currents and, when such a difference happens, the
changes in TEC are more enhanced over the northern
hemisphere (ATEC = 180% over Kiruna) than the
southern hemisphere (ATEC = 70% over Mawson),
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and this might be because the northern hemisphere
receives more energy from the solar wind, which
produces particle acceleration and precipitation, higher
field aligned currents, and ionospheric electrojets [41].
In general, when the interplanetary magnetic field’s Bz
component is in the southward direction (negative), the
ionospheric total electron content fluctuates more over all
stations in the northern and southern hemispheres [42]. It
is well understood that impulsive changes in solar wind
parameters cause geomagnetic storms. When the component
Bz is negative (southward), a reconnection or coupling with
the geomagnetic field occurs, resulting in a large amount of
energy deposition into the high latitude regions of the Earth
[24].
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