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Abstract

Response of the equatorial-low latitude ionosphere to the moderate storms of 17 March 2013 (Dst min=130 nT)
and 1 June, 2013 (Dst min=137 nT) has been investigated using GPT-TEC observations in the African sector. The
result shows significant response of the GPS-TEC to the two magnetic storm events particularly during the main
and recovery phases of the storm. Series of negative and positive responses were observed in the two magnetic
storms. The study reveals that for both magnetic storms, the occurrence of SSC associated with northward turning
of some magnetic and interplanetary parameters mostly do not produce any significant deviation between the
storm-time and mean quiet-time TEC at the equatorial-low latitude around (06:00-11:00) UT hrs. For the 1 June
magnetic storm, negative storm-time effect were mostly observed around (06:00-11:00) UT hrs across all the
latitudes during the main and recovery phases of the storm. Similar variations are mostly observed during the main
and recovery phases of the magnetic storms. However, series of negative and positive storm-time effects were
observed in the two magnetic storms. During the main phase, both storms exhibit faint positive storm-time effect
around (12:00-14:00) UT hrs across most of the latitudes. During the recovery phase, a faint positive storm-time
effect are observed around (06:00-11:00) UT hrs in most latitudes during the March magnetic storm and reverse is
the case for the June storm event. The main phase negative storm-time are consequences of weaker PPEF and
negative storm-time effect during the recovery phase is a strong evidence of predominance of ionospheric
disturbance dynamo electric field (DDEF) suppressing the fountain effect.
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1. Introduction

The combine effect of coronal mass ejection (CMEs) and the emission of high speed solar wind stream (HSSWS)
causes temporary disturbance magnetosphere-ionosphere current system globally known as geomagnetic storm,
Imitiaz et al,. 2020. A typical geomagnetic storms are usually characterized by three distinguished phases after the
storm sudden commencement (SSC): the initial phase, main and recovery phases [e.g., Gonzalez et al., 1994;
Prolss, 1995]. At each phase of the magnetic storm, energy is deposited in the ionosphere and this alters the
chemical and electrodynamics configuration of the ionosphere Liu et al., 2010. The energy deposition is maximum
at the main phase of the storm, decreases through the recovery phase Schunk and Nagy, 2000; Richmond and Liu,
2000. Moreover, at each particular phase, the response of the ionosphere to the energy deposition is dependent on
latitude, season, local time and geophysical conditions during the storm Gonzalez et al., 1994. The dawn-dusk
Interplanetary Electric Field (IEF) associated with energy interactions influences the ionosphere, generating drifts
and changes in ionospheric parameters such as electron density, total electron content (TEC) and magnetic field
intensity among others. Two physical phenomenon acting at a planetary scale contribute to the storm-time behavior
of the equatorial-low latitude ionosphere: the prompt penetration electric fields (PPEFs) as previously pointed out
by Spiro et al, 1988 and the ionospheric disturbance dynamo electric field (DDEF) caused by the global
thermospheric wind circulation associated with joule heating at high latitudes Blanc and Richmond, 1980. The
presence of prompt penetration electric field (PPEF) and ionospheric disturbance dynamo electric field (DDEF)
causes large perturbations in the zonal electric field which significantly modifies the behavior of the TEC and
equatorial ionization anomaly (EIA), thereby resulting in severe ionospheric changes at equatorial-low latitudes
e.g., Abdu et al,, (1991). The under-shielding/over-shielding associated with the orientation of the interplanetary
magnetic field (Bz) are eastward/westward during the daytime and westward/eastward during the night-time.
Huang et al. 2005 explained that when the (IMF) Bz is southward, the PPEFs intensifies the plasma fountain effect
hence, more plasma will be transported to a height with minimal loss rate, Lin et al., 2005; Zhao et al., 2005.
Fagundes ef al. 2016 and Akala et al. 2020 further explained that the northward (westward) orientation of the
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PPEFs during magnetic storms cause reversal of fountain effect leading to reduction in ionospheric total electric
content (TEC). This implies that the orientation of the PPEFs changes the overall behavior of the EXB drift which
causes significant TEC deviation from its quiet-time behavior during the main and recovery phases of a magnetic
storm. The deviation of TEC either by increase or decrease relative to the quiet-time lead to positive or negative
ionospheric storm-time effect Wang et al., 2010.

It is now certain that every geomagnetic storm exhibit different features and behavior of the EXB plasma drift
thereby result to either increase or decrease in TEC with reference to the quiet day or pre-storm periods. Since the
response of the ionospheric TEC varies from one geomagnetic storm to the other as a result of the variations of
some mechanism. It becomes imperative to study the ionospheric effect in each geomagnetic storm so as to have
better understanding of the physical and electrodynamics mechanisms that are involve during geomagnetic storm.
Radio communication systems that depend on ionosphere are distorted during geomagnetic storms Moore et al.,
1999. High-frequency (HF) radio signals are sometimes distorted in the ionosphere thereby affecting long-distance
radio communication by changing the path and velocity of radio waves, Shishir et al., 2016; Laura et al., 2017.
Also, during geomagnetic storms radio signals from GPS satellites passing through the ionosphere may experience
delays and errors in signal propagation which adversely lead to inaccuracies in GPS position estimates, hence
affecting navigation and timing applications. Hence, understanding the storm-time response is very crucial and
most often times complex due to varying characteristics and the local conditions at the region of interest. In this
paper, we have considered two distinct geomagnetic storms which exhibit some level of similarities at one point
and differs in their interplanetary and geomagnetic conditions. On this note, the remainder of this study is organized
in the following ways: section 2 present a brief description of the source of data and the analysis procedure.
Presented in section 3 is the result of the study and discussion and finally we draw conclusion in section 4.

2. Data Sources and Method of Analysis

The study was carried out using total electron content (TEC) obtained from global positioning system (GPS)
located at the equatorial-low latitude region of Africa. Two moderate geomagnetic storms that occurred on 17
March and 1 June, 2013 were selected for this study. To examine the response of the ionosphere to each of the
geomagnetic storm, we choose 2 days prior to the occurrence of the geomagnetic storm so as to study the
characteristics of the storms before the occurrence of the storm sudden commencement (SSC). To identify whether
the magnetic storm creates a positive or negative storm-time effect, we use 3 days GPS-TEC data whose Kp < 4
within the month of the occurrence of the magnetic storm to compute the mean quiet-time TEC variations. This
was achieved by simply taking the average of all the quietest days with Kp < 4 within the month in which the
magnetic storm occurred. Figure 1 show the locations of the GPS stations where the TEC data were obtained
Originally, the GPS-TEC data are recorded in the Receiver Independent Exchange (RINEX) format obtained from
www.unavco.org/data/gpsgnss/dataccessm ethods/dai 2/html.
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Figure 1 Locations of the GPS stations used on the African Map
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The data which was originally in RINEX format were processed through the GPS-TEC analysis program
developed by Seemala and Valladares, 2011; Seemala et al., 2023. Thus, to have a comprehensive understanding
of the latitudinal response of the TEC to geomagnetic storms and its impact on navigation and other technological
systems, we engaged 6 GPS-TEC stations across equatorial-low latitudes in Africa. The solar wind, interplanetary
and geomagnetic indices used in the study were obtained from Omni web accessible at https:/
omniweb.gsfc.nasa.Gov/cgi/ nx1.cgi.

3 Results and Discussion
3.1. The 17 March, 2013 Geomagnetic storm event

The temporal variations of interplanetary and magnetic parameters from 15 to 20 March 2013 are illustrated in
Figure 2 in the following order from top to bottom: interplanetary magnetic field (IMF) Bz, solar wind speed V,
dynamic pressure (PSW), interplanetary electric field (IEFy), disturbance storm time (Dst), Ap index and auroral
electrojet (AE) index. Prior to the occurrence of the magnetic storm, NASA reported an eruption of a magnetic
filament which produces M1-class solar flare and a bright CME directly towards the Earth. The CME hit the
Earth’s magnetic field at 06:04 UT on 17 March 2013. The impact caused tremendous increase in solar wind speed
V from 400 km/s to about 700 km/s (see Figure 2 panel b). The magnetic storm started with the outer compression

of the magnetosphere which manifest as a sharp increment in dynamic pressure to a maximum value ~13 nPa
marked by the storm sudden commencement (SSC) at 06:04 UT on 17 March 2013 as illustrated in Figure 2 (panel
¢). The initial phase of the storm lasted for about 1 hr of which the Bz depicted in Figure 2 (panel a) and the speed
V and Dst index in panels ¢ and e remained northward. Shortly after these features, the Bz and Dst index turned
southward marking the onset of the main phase of the magnetic storm which begins around 07:00 UT on 17 March

2013. The Dst index exhibit a systematic reduction during the main phase with two minima ~ —100 nT at 10:30

UT and the second minima ~ —132 nT at 20:30 UT all on 17 March 2013. These two distinct minimum values
characterized the main phase of the storm that lasted for 14 hrs. During the main phase of the storm, Bz remained
strongly southward (see Figure 2 panel a) indication of possible prompt penetration electric field (under-shielding)
resulting to sudden increase in the dawn side convection electric field at high latitudes as earlier established by
Nishida 1968; Sastri et al., 1992; Kikuchi et al., 2008. Fejer et al. 1990 observed that the under-shielding electric
field penetrates instantly to the equatorial-low latitude region exhibiting eastward (westward) polarity during the
daytime (night-time) periods. The southward orientation of Bz during the main phase of the storm is accompanied
by a northward fluctuation of IEFy lasting for several hours (see Figure 2 panel d). The IEFy reached its maximum

amplitude ~10 mV/m on 17 March 2013and fluctuate thereafter similar to what was observed in the Bz. These
variations indicate significant perturbations in the electrodynamic processes of the upper atmosphere. During the

main phase of the storm, V increase significantly from ~350 km/s to about 720 km/s as shown in Figure 2 (panel
b) and thereafter decreases through the recovery phase. The perturbations in IEFy (panel d), AE (panel g) and Ap
index (panel f) during the main phase shows that significant amount of energy may be penetrating the
thermosphere-ionosphere system during these periods. It is interesting to note that the initial and main phases of
the geomagnetic storm of 17 March 2013 occurred during the local daytime with the main phase extending to the
local midnight hours. The response of the (IMF) Bz, dynamic pressure (PSW), oscillations in the interplanetary
electric field (IEFy) and the auroral activity (AE) indicate the strong penetration of highly energy particles into the
ionosphere around 10:30 UT on 17 March, 2013 and lasted for about 14 hrs.
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Figure 2 interplanetary magnetic field, and geomagnetic activity indices during the March 17 2013 geomagnetic
storm. From top to bottom are the interplanetary magnetic field (IMF) Bz, solar wind speed (Vx) dynamic pressure
(PWS), Interplanetary electric field (IEF), disturbance storm time (Dst), Ap index, and auroral electrojet (AE).

The recovery phase of the storm started around 21:30 UT on 17 March 2013 marked by the northward turning of
Bz indication of possible over shielding penetration electric field effect. During these periods, the Bz remained
relatively northward obviously seen on 18 March 2013 (see Figure 2 panel a) associated with a downward decrease
in V and a positive increase in Dst values as depicted in Figure 2 (panel b and c). In fact, during the recovery
period, all the parameters return to their normal levels signaling the absence of any form of major disturbances in
the electrodynamic process of the thermosphere-ionosphere system.

3.2 Ionospheric Total Electron Response to the 17 March 2013 Geomagnetic storm event

Figure 3 illustrates the storm-time diurnal variations of TEC and their comparison with the mean quiet-time TEC
variations over African equatorial-low latitudes during the 15-20 March 2013 magnetic storm. The GPS-TEC
stations are presented in different rows in the increasing order of geomagnetic latitude from top to bottom namely:
AAB, BJKA, BJCO, DEBK, MAL2 and MBAR respectively. The blue line represents the mean quiet-time TEC
obtained from the average of 3 quietest days with Kp<4 prior to the occurrence of the storm and the black line
represents the storm-time TEC variation. The mean quiet-time TEC variations are taken as the reference field such
that when the storm-time TEC magnitude is more (less) than the mean quiet-time TEC magnitude, it is recognized
as positive (negative) storm-time effect Lin et al., 2005; Fagundes et al., 2016; Akala et a., 2020. This criterion has
been adopted throughout this study and thus helps identify the ionospheric positive and negative storm time effect.
It is evident in Figure 3 that 2 days before the SSC (15-16 March 2013), the mean quiet-time TEC exhibit similar
trend and magnitude with the storm-time TEC around (06:00-11:00) UT across all the latitudes indication of
absence of any significant disturbances between the mean quiet-time TEC variations obtained from 3 quietest days
and the daily storm-time TEC during these periods. A slight deviation is observed between the storm-time TEC
and the mean quiet-time TEC variations around noontime (12:00-14:00) UT hrs that are more prevalent at BJKA,
BJCO and DEBK latitudes before the occurrence of SSC (15-16 March 2013). We assert that these deviations may
likely reflect variations in electrodynamic processes and the effective distribution of the fountain effect. Shortly
after these features, a significant night-time (19:00-20:00) UT enhancement that seems to increase with
geomagnetic latitude is seen during the storm-time and mean quiet-time TEC variations on 15-16 March 2013.
These night-times TEC enhancement may likely be associated with pre-reversal enhancement (PRE) Abbas et al.,
2024.

On the day of the storm (17 March 2013), the storm-time and mean quiet-time TEC exhibit almost equal magnitude
and trend around (06:00-11:00) UT hrs across all the latitudes. During these periods, the SSC that is marked by a
northward orientation of Dst index, dynamic pressure (PSW) and V lasting for about 1 hr do not cause any
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significant effect on the diurnal variation of the storm-time TEC during the dawn sector (06:00-11:00) UT hrs.
This further shows that for the SSC that occurred around 06:04 UT on 17 March, 2013 associated with northward
turning of some interplanetary parameters do not produce any significant effect on the TEC variations in the
African equatorial-low latitude regions around (06:00-11:00) UT. The storm day (17 March 2013) which coincides
with the main phase of the storm associated with a southward orientation of Bz, Dst index and northward increase
in IEFy, the storm-time TEC magnitudes were observed to be higher than the mean quiet-time around (12:00-
14:00) UT hrs. These features are conspicuously seen across all latitudes. The perturbations in the auroral electrojet
(AE) index, southward turning of Bz and Dst index accompanied by a northward IEFy during the main phase of
the storm (17 March 2013) show an episode of enhanced energy deposition at high latitudes. The presence of
eastward PPEF generally modifies the zonal eastward electric field which generates positive storm-time effect
across all the latitudes around (12:00-14:00) UT hrs Huang et al.,m 2005; Fagundes et al., 2016, Akala et al., 2020.
It is worthy to note that during the main phase, the prompt penetration electric field is predominantly eastward and
this caused incredible enhancement in the dynamo electric field which in-turn enhance the vertical EXB plasma
drift which transport the ionospheric plasma to height with minimal loss rate that results to positive storm-time
effect around (12:00-14:00) UT hrs of this present study. Amazingly, MAL2 and MBAR located close to the crest
of the equatorial ionization anomaly (EIA) only experienced a faint positive storm-time effect around noon (12:00-
14:00) UT hrs. It is important to note that despite the main phase spanned from daytime to night-time associated
with a southward Bz and northward enhancement of IEFy, there is no significant differences in the TEC
enhancement between the storm-time and mean quiet-time around (12:00-14:00) UT hrs at MAL2 and MBAR
except a faint and short positive storm-time TEC around 13:00 UT. This seems to indicates that there could be
some mechanisms inhibiting the uplift of ionospheric plasma transport to a height where production to loss ratio
is high during the storm-time relative to the mean quiet-time, hence resulting to insignificant difference between
the storm-time and mean quiet-time TEC. Dugassa et al. 2020a studied the ionospheric response of TEC over
America, Africa and Asia using the 20 January 2016 geomagnetic storm. They found a positizve storm-time effect
over Africa and American sector during the main phase which they associated to the southward turning of the Bz.
The observation from the present study confirms the occurrence of positive storm-time effect during the main
phase of the magnetic storm 17 March 2013 which we attributed to the resultant effect of prompt penetration
electric field (PPEFs) that enhances the fountain effect during storm-time relative to the mean quiet-time.
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Figure 3 Diurnal variation of TEC during the 15-20 March, 2013 magnetic storms

During the recovery phase, faint positive storm-time effects are observed at BJKA, DEBK and MAL2 around
(06:00-11:00) UT hrs on 18 March 2013. These positive storm-time effects were observed to slightly change to
negative storm-time seen at BJCO and MBAR on 19-20 March 2013. Equal magnitude of storm-time and mean
quiet time TEC are observed at AAB around (06:00-11:00) UT hrs during the recovery days. These findings are
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consistent with earlier observation by Habyarimana et al., 2023.

The reason for the equal magnitude between the storm-time and mean quiet-time TEC around (06:00-11:00) UT
hrs at some latitudes during the main and recovery phases may likely arise from the fact that the ionospheric
transport mechanism could not influence significant deviation in the plasma distribution along the magnetic field
lines. Despite significant energy deposition during the main and recovery phases, the equal magnitude of storm-
time and mean quiet-time reflect insignificant deviation between the daytime DDEF and PPEF effect mostly during
the recovery phase.

Also during the recovery phase, a faint positive storm-time effect is seen at AAB and DEBK latitudes seen around
(12:00-14:00) UT hrs and changed to negative storm-time effect at MAL2 and MBAR throughout the recovery
days. We assert that these variations demonstrate the effective distribution of ionization and the fountain effect
during the recovery phase. The negative storm-time effect during the recovery phase is a strong evidence of
predominance of ionospheric disturbance dynamo electric field (DDEF) suppressing the fountain effect during
these particular periods. Hence, the magnetic storm-time effect observed around (06:00-11:00) UT hrs may be
associated with the decrease in eastward electric field caused by overwhelming effect of the DDEF. The westward
electric fields from the DDEF cause downward plasma motion that transport plasma to lower altitudes where fast
molecular recombination lead to decrease in TEC Wang et al., 2013, Abdu, 1997, Sreeja et al., 2009. Habyarimana
et al. 2023, Ren et al. 2020 observed similar daytime negative storm-time effect at MBAR and attributed it to
ionospheric disturbance dynamo which exceeded the DP-2 current during this time.

3.2 The 1 June 2013 Geomagnetic storm event

Figure 4 shows the variations of interplanetary and geomagnetic field parameters from 28 May to 5 June 2013 in
the following order from top to bottom: Bz, V, PSW, IEFy, Dst index and Ap and AE indices respectively. During
these intervals of days, a moderate magnetic storm occurred on 1% June 2013 and this caused significant
perturbations in the interplanetary and geomagnetic parameters across the globe. The storm was triggered by a
combine effect of coronal mass ejections (CMEs) and high speed solar wind streams (HSSWS). The initial phase
of the storm is marked by a sharp northward turning of Bz that reached ~ 9 nT around 24:00 UT as indicated in
Figure 4 (panel a) signaling the compression of the outer magnetosphere as demonstrated by the sharp positive
enhancement of dynamic pressure (see Figure 4 panel ¢). The northward turning of Bz is associated with southward
turning of the IEFy with peak amplitude ~-4 mV/m as shown in Figure 4 (panel d). Other parameters also respond
to the compressed state of the outer magnetosphere in various ways. The initial phase of the storm lasted for about
9 hrs spanning between 16:04 UT on 31 May 2012 and 01:15 UT on 01 June, 2013.

The main phase of the storm is characterized by a southward turning of Bz. The Bz remained strongly southward
lasting for several hours as shown in Figure 4 (panel a). During the main phase, the Bz reached its minimum value
-19 nT (see Figure 4 panel a) accompanied by a northward orientation of the IEFy which reached about 9.5 mV/m
as shown in Figure 4 (panel d) on 1 June 2013. The southward orientation of Bz is associated with the prompt
penetration electric field (under-shielding) which is eastward (westward) in the daytime (night-time) hours. The
main phase demonstrates the effect of prompt penetration electric field (PPEFs) and magnetospheric currents
known to dominate the main phase of a magnetic storm. Moreover, during the main phase, the V increased from

~400 km/s to about 680 km/s as shown in Figure 4 (panel b). The IEFy (panel d) and AE (panel g) and Ap index
(panel f) shows significant perturbations suggesting possible higher energy deposition during the main phase.
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Figure 4 Interplanetary magnetic field, and and geomagnetic activity indices during the May 28 2013 to 5 June
2013 geomagnetic storm. From top to bottom are the interplanetary magnetic field (IMF) Bz, solar wind speed (V)
dynamic pressure (PSW), Interplanetary electric field (IEFy), disturbance storm time (Dst), Ap index, and auroral
electrojet (AE).

Following the main phase, the recovery phase of the storm is marked by the northward turning of Bz seen on 1
June 2013 and lasted for about 5 days. It started around 07:49 UT on 1 June 2013 to 15:50 UT on 5 June 2013.
During the recovery phase, strong perturbations on the AE index seen in Figure 4 (panel g) and on the IEFy (panel
d) indicates prompt penetration electric field (PPEFs) and other magnetospheric processes into the thermosphere-
ionosphere even during the recovery phase of the storm of 1 June 2013. The recovery phase is associated with a
prolong enhancement of V up to 775 km/s as illustrated in Figure 4 (panel b). Other parameters such as the dynamic
pressure, (PSW), Dst index and Bz comes to their normal levels during the recovery phase of the storm but the V
appeared higher than what was observed during the main phase (see Figure 4 panel b). The effect of the prolong
higher V during the recovery phase will be discussed in subsequent sections.

3.4 Ionospheric Response to the 1 June 2013 Geomagnetic storm event

The storm-time diurnal TEC variations that occurred on 1 June 2013 and their comparison with mean quiet-time
TEC obtained from the average of 3 quietest days are presented in Figure 5. For this magnetic storm, only days
with Kp < 4 after the occurrence of the storm are used in the study. The storm-time TEC variations for AAB for
the days 28-30 May 2013 are not available. On the day of the storm, (1 June 2013) AAB experienced a data gap
possibly due to technical glitches. Prior to the occurrence of 1 June 2013 magnetic storm, the storm-time TEC do
not show any significant deviations from the mean quiet-time TEC behavior noticeable between 06:00 and 11:00
UT hrs across all the latitudes.

Before the occurrence of the storm (28-30 May, 2013) around noon-dusk sector (12:00-17:00) UT hrs, a significant
deviations are observed between storm-time and the mean quiet-time TEC variations that are prominent at BIKA
latitude and appeared mild at BJCO latitudes only to appear stronger at MAL2 and MBAR as illustrated in Figure
5. During these periods (12:00-17:00) UT hrs, prominent positive storm-time effects are generated at BIK, DEBK,
MAL2 and MBAR. These positive istorm-time effects are consequences of stronger fountain effect caused by
intensed EXB plasma drift Fagundes et al., 2016; Blagoveshchensky et al., 2019. Similar effects are observed
around (06:00-11:00) UT hrs across all the latitudes on the day of the SSC (31% May 2013). Exception to this is
BJCO and AAB with negative and faint positive storm-time effect around (06:00-11:00) UT hrs. The main phase
negative storm-time are consequences of weaker PPEF, hence ionospheric plasma drift could not be transported to
a height with minimal loss rate. Also, on the day of the SSC (31% May 2013), a faint positive storm-time effect is
seen around (12:00-17:00) UT hrs across all the latitudes exception of BJCO with a faint negative storm-time
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effect. This indicates that for this magnetic storm, SSC that occurred around 16:00 UT on the 315 May 2013 seems
to have only a mild effect on the TEC variations. This could possibly arise from the fact that at the time of the SSC,
most of the stations are in their local night-time periods with electric field opposite to the zonal electric field
(westward for night-time) and hence could not enhance the upward EXB plasma drift during the SSC. On the day
of the SSC, a unique phase variations are observed between the storm-time TEC and mean quiet-time around
(10:00-14:00) UT hrs at MAL2 and MBAR which is believed to arise from significant deviations in the
electrodynamic processes between the storm-time and mean quiet-time TEC.

During the main phase, the storm-time TEC exhibit similar variation with almost equal magnitude around (06:00-
11:00) UT hrs observed only at BJKA latitude. Other latitudes exhibit faint negative storm-time effect
conspicuously seen at AAB, DEBK and MAL?2 around (06:00-11:00) UT hrs on 1% June 2013. Although, the main
phase of the magnetic storm occur during the time most of the stations are in their post-midnight to dawn sector
characterized by night-time westward (eastward) PPEFs (DDEFs) and a daytime eatward (westward) PPEFs
(DDEFs) which modifies the structure of TEC. This could possibly be the reason for the faint negative storm-time
effect across most of the latitudes with no appreciable difference between the storm-time and mean quiet-time
TEC at BJKA around (06:00-11:00) UT hrs on 1 June 2013. Summarily, these negative storm-time effects are
consequences of weaker fountain effect caused by westward electric field. During the noon-dusk sector (12:00-
17:00) UT hrs, the storm-time TEC magnitude appeared greater than the mean quiet-time which is more prominent
at BJKA and DEBK and this generates positive storm-time effect at these latitudes.
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Figure 4 Diurnal variation of TEC during the magnetic storm 16-18 March, 2013 and 1 June, 2013

The consistent positive storm-time TEC variations during the main phase around (12:00-17:00) UT hrs is
consistent with the higher energy deposition at high latitudes that cause prompt penetration electric field which
then intensifies the zonal electric field- a process that uplift the low latitude plasma to higher altitudes where
production to loss ratio is high Rishbeth, 1998. We suspect that the faint positive storm-time effect observed around
noon-dusk sector (12:00-17:00) UT hrs of the present study could be due to weakening effect of PPEFs during the
dawn sector.

The prevailing positive storm-time effect observed during the main phase of the storm could be attributed to the
stronger presence of PPEF that enhances the upward EXB plasma drift as previously observed by research workers
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e.g., Balan et al., 2010. Other mechanisms have been pointed as the cause of positive ionospheric storm. For
instance, earlier effort by research workers have suggested that the occurrence of positive storm-time effect results
from the enhancement in the equator-ward neutral winds arising from the high latitude energy deposition Prolss,
1995. During geomagnetic storm, the presence of enhanced energy deposition at higher latitudes penetrates to the
low latitude resulting in the vertical redistribution of plasma Schunk and Nagy, 2000 which lead to a decrease in
the loss rate of electrons and thus cause a relative increase in storm-time TEC relative to the mean quiet-time.
During the recovery phase marked by the southward reduction in Bz and Dst index as shown in Figure 4 (panels
a and c) from 2 to 5 June, 2013, the storm-time TEC amplitude appeared slightly higher than the mean quiet-time
TEC magnitude around (06:00-11:00) UT hrs observed at AAB, DEBK and MBAR while reverse is the case at
BJCO latitude. On the other hand, BJKA exhibit almost equal magnitude around (06:00-11:00) UT hrs during the
recovery phase.

During the recovery phase when the ionospheric disturbance dynamo mechanism is very active generating daytime
westward electric field that causes downward plasma motion to low altitudes where molecular recombination
decreases plasma densities and this lead to decrease in TEC, however, a positive storm-time effect is observed at
BJKA, BJCO and AAB latitude. As illustrated by the magnetic and interplanetary parameters, the positive storm-
time effect observed at some latitudes of this present study during the recovery days is associated to an intense
energy deposition into the auroral region which actively penetrates to the equatorial-low latitudes strengthening
the upward transport of EXB plasma drift where molecular recombination is low and thus generate enhance TEC
as obvious at AAB latitude of this study.

4. Conclusion

1. During the SSC, The storm-time TEC does not show any significant deviation from the quiet-time TEC
indication of possible mechanism inhibiting the uplift of plasma transport to a height where production
to loss ratio is high.

2. The negative storm-time effect during the recovery phase is a strong evidence of predominance of
ionospheric disturbance dynamo electric field (DDEF) suppressing the fountain effect during these
particular periods.

3. The main phase negative storm-time are consequences of weaker PPEF, hence ionospheric plasma drift
could not be transported to a height with minimal loss rate.

4. The prevailing positive storm-time effect observed during the main phase of the storm could be attributed
to the stronger presence of PPEF that enhances the upward EXB plasma drift

5. The two moderate magnetic storm events considered in this study reveal that the positive storm-time
effect during the main and recovery phase is mainly associated with the induced electric field disturbances.

6. For the magnetic storm event (1% June 2013), during the recovery phase, significant day-time positive
storm-time effect were observed across some latitudes that are larger than the main phase of the storm.
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