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Abstract

The geomagnetic storm effect on ionospheric vertical E x B drift is analysed
using Communication/Navigation Outage and Forecasting System (C/NOES)
Satellite data, magnetometer data, and solar wind data, over the East Afri-
can low latitude region during the period 2008-2015. We identified a total
of 608 corotating interaction region (CIR)-driven and 23 coronal mass ejec-
tion (CME)-driven geomagnetic storms in this study. Most of the CIR-driven
storms were observed during the declining phase of solar cycle 24 in 2015. The
CME-driven storms, on the other hand, were dominant during the near max-
imum phase of the solar cycle 24 in 2012. The C/NOFS satellite data was found
to be consistent with magnetometer observations in identifying both upward
and downward vertical E x B drift occurrence. The common result of analysed
CME-driven geomagnetic storms was enhancement in E x B drifts due to pres-
ence of eastward prompt penetrating electric fields (PPEFs) during the storm
main phase. There was also a decrease in E x B due to the decrease in hori-
zontal component of the magnetic field (AH ) during the recovery phases of
the CME-driven storms. This is a manifestation of downward E x B drifts as-
sociated with westward electric field, which is due to the disturbance dynamo
contribution. During CIR-driven geomagnetic storms, the storm’s main phases
were also dominated by downward E x B drifts associated with westward elec-
tric field, which is due to disturbance dynamo.
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1. Introduction

The low latitude ionosphere is significantly disturbed rendering space-based nav-
igation unreliable during extreme space weather events such as geomagnetic
storms [1]-[3]. During the onset of either Corotating Interaction Region (CIR) or
Coronal Mass Ejection (CME)-driven geomagnetic storms, there is always modi-
fication of low/equatorial latitude electric fields, mainly due to equatorward
neutral winds, Disturbed Dynamo Electric Fields (DDEFs) and Prompt Penetrat-
ing Electric Fields (PPEFs) of magnetospheric origin [4]. To alleviate the effect of
these space weather events, considerable efforts are being made to understand and
model the low/equatorial latitude electrodynamics [5]-[8]. However, over the East
African low latitude, the effect that these space weather events have on the iono-
spheric electrodynamics is not yet well studied due to inadequate ground-based
instrumentation dedicated to vertical E x B drifts measurement [9]. Hence, the
response of the low latitude ionosphere to magnetospheric disturbances such as
solar flares, CIRs and CME:s still remains one of the issues related to space weather
studies. These responses become remarkable during major geomagnetic storms
[10].

Geomagnetic storms are changes in the magnetosphere that are induced by the
interaction of solar wind and the Earth’s magnetosphere [11] [12]. The solar en-
ergetic events, such as CMEs and CIRs, are the principal causes of geomagnetic
storms [13]. It is important to understand large ionospheric perturbations that are
brought about by these geomagnetic storms because they can significantly disrupt
satellite navigation, spacecraft, radio communications and even power grids [14].
The study of ionospheric response to CIRs and CMEs gained attention decades
ago [9] [15]-[18]. With the comparison of different types of ionospheric response
brought about by different disturbance sources from solar activity and interplan-
etary solar wind, scientists can comprehensively understand the morphological
changes and physical processes of ionospheric storms. This helps them to easily
predict the ionospheric disturbance state according to different solar wind condi-
tions [17].

The rate at which CMEs and CIRs occur follows the 11-year solar cycle of sun-
spot activity, with CMEs occurring more frequently during solar maximum phase
and CIRs occurring most during the solar minimum/declining phase of the solar
cycle [15] [16]. The energy associated with the solar wind also varies over the solar
cycle, with higher energy levels during solar maximum and lower levels during
solar minimum, leading to distinct space weather effects throughout the cycle [19].
The CIR-driven storms are characterised by long-duration recovery phase, which
may last for days to many weeks while CME-driven geomagnetic storms recovery
phases can last for about 1 or 2 days [16]. During CME- and CIR-driven geomag-
netic storms, there is always either a decrease or increase in the electron density
in the ionosphere [13]. The response of the ionosphere to either CME or CIR-
driven geomagnetic storms at different latitudes has been studied [17] [20]-[26].
[20] showed that during CIR-driven storm on 9 August 2008, a decrease in E x B
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drift from a daytime counter electrojet (CEJ) led to a significant ionospheric den-
sity reduction in the African sector. This observation is consistent with the idea
that the equatorial electrojet (EEJ) and thus east-west electric field is the main
governing mechanism for both E- and F-region electrodynamics. Their study was
limited to CIR-driven storm, which is usually categorized as a moderate storm
and it investigated only the effect of the storm on a single location. [21] studied
CIR-induced magnetic storms during solar minimum and their effects on low lat-
itude ionosphere and geomagnetic field over the Indian sector. They found that
during the CIR-driven geomagnetic storms, the short lived penetration of high
latitude electric fields to equatorial ionosphere exists during main phase of the
geomagnetic storm as inferred from changes in EE].

Electric fields originating in the magnetosphere have the ability to penetrate the
low-latitude and equatorial ionosphere. These penetrating electric fields result in
vertical motion and they usually restructure the F-region density profiles because
the recombination rate depends on the height [27]. At low latitudes, an enhanced
eastward electric field will uplift the equatorial ionospheric plasma particles. This
makes the equatorial F-region almost empty and at about 15° plasma density gets
enhanced [28]. At mid latitudes, the E x B drift will move the ionospheric plasma
upward which increases the plasma density. At high latitudes, the enhanced elec-
tric field causes storm enhanced density in the dusk sector which is subsequently
transported to the polar ionosphere [2]. At the equator, the eastward current due
to the vertical Hall voltage and Pedersen current due to the eastward electric field
combine to enhance EE]J current in the E-region [28]. The EE] current generates
an east-west electric field in the E-region that is conveyed along the magnetic field
to the F-region where they are responsible for either upward or downward E x B
force [29]. The E x B force can either drive the F-region plasma to higher or lower
altitudes. In the case of upward E x B drift, the plasma that is lifted to higher alti-
tudes diffuses north and south along magnetic field lines to form two belts of high
ionization density around magnetic dip latitudes [20]. The magnitude and direc-
tion of E x B drift can either be estimated from the day time EEJ observations using
a pair of ground-based magnetometers [30] or Incoherent Scatter Radar (ISR) [31]
or satellites [32].

Modification of equatorial/low latitude electric fields during storm conditions
is mainly associated with ionospheric disturbed dynamo [33] and prompt pene-
trating electric fields [34]. Usually, PPEF is an eastward electric field, and there-
fore enhances vertical E x B drift during local daytime in low latitude ionosphere
[34]. The effect of these penetration electric fields on vertical E x B drifts during
both intense and moderate geomagnetic storms induced by CMEs and CIRs, re-
spectively over the East African low latitude region is still an area of interest to
supplement the already existing literature about geomagnetic storm effects. There-
fore, there is a need to analyse the geomagnetic storm effects on the ionospheric
vertical drifts over the East African low latitude region. Studies have been con-

ducted with regard to the behavior of electric fields during geomagnetic storms at

DOI: 10.4236/acs.2025.152019

375 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2025.152019

D. Niwamanya et al.

Lat (degrees)
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different latitudes in different longitudinal sectors [2] [9] [20] [21] [27]. However,
a few of them have been carried out over the African low latitude region using
ground based magnetometer data [9]. This could partly be attributed to lack of
multiple ground based instruments. Continuous investigation, especially over the
low latitude ionosphere where variations of the ionospheric parameters have been
recorded due to Equatorial Ionization Anomaly (EIA) and EE], is still required
[9]. Using magnetometer data, Communication/Navigation Outage and Forecast-
ing System (C/NOFEFS) satellite data and geomagnetic data from World Data Cen-
ter for Geomagnetism, Kyoto University, the effects of CME and CIR-driven geo-
magnetic storms on the ionospheric vertical drifts over the East African low lati-
tude region has been carried out in this study. Studies of ionospheric electric fields
over the low latitude during geomagnetic storms are very important for under-

standing global ionospheric disturbances and for space weather applications [20].

2. Data and Methods
2.1. Data Sources

The disturbance storm time (Dst) and planetary k (Kp) indices were downloaded

from Kyoto University website: http://wdc.kugi.kyoto-u.ac.jp/dstae/index.html
and Potsdam website: http://www.gfz.de/kp-index/, respectively. The in situ ver-

tical E x B drift data were estimated from the Ion Velocity Meter (IVM) measure-
ments on board C/NOFS satellite (http://spdf.gsfc.nasa.gov/pub/data/cnofs/cindi/).

Magnetometer data was obtained from African Meridian B-Field Education and

Research (AMBER) magnetometers (http://magnetometers.bc.edu/) and Interna-
tional Real-time Magnetic Observatory Network (INTERMAGNET) that moni-
tors the global Earth’s magnetic field (http://www.intermagnet.org/). The location

of magnetometer stations and C/NOFS data coverage is provided in Figure 1.

- Magnetometer stations and C/NOFS data coverage

N
o
T

-30 -20 -10 0 10 20 30 40 50 60
Long (degrees)

Figure 1. Location of magnetometer stations (red dots), the spatial coverage of C/NOFS
data (inside the blue surface) within an altitude of 400 - 550 km [35].
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2.2. Methods

To identify either a CME- or CIR-driven geomagnetic storm, the Dst and kp in-
dices between 2008 and 2015 were used. A geomagnetic storm was considered as
the one whose kp > 3. The CIR-driven storms were taken to be those whose Dst
index lay within the range —100 nT < Dst < =25 nT [15]. The classification is based
on the minimum Dst value reached during storm occurrence. Storms within the
range —100 nT < Dst < —50 nT were categorised as moderate while those within
the range —50 nT < Dst < —25 nT were categorised as weak. The CME-driven
storms were considered as strong and taken to be those with Dst < —100 nT
[15]. To select the CME and CIR events, we also used the following existing cata-

logues: http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm and
https://www.helcats-fp7.eu/catalogues/wp5 cat.html respectively. A statistical dis-

tribution of the storms during various time scales as a function of year and season
was carried out. The differences in the recovery phases of CME- and CIR-driven
storms were also considered. The CIR-driven storms were considered to be those
with long-duration recovery phases that lasted from days to many weeks [26]. In
contrast, the CME-driven storms were considered to be those with recovery phase
lasting for 1 or 2 days [16].

The horizontal component of the Earth’s magnetic field (H-component) data
at Addis Ababa, AAE (geog. 9.03°N, 38.7°E, geom. 0.9°N, 110.5°E), and Adigrat,
ETHI (geog. 14.3°N, 39.5°E, geom. 6.0°N, 111.1°E), both in Ethiopia were utilised.
The H-component data sets obtained at ETHI station were subtracted from those
at AAE to remove the Dst-derived ring current and the global solar quiet dynamo
components of the magnetic field [36] [37]. This is because equatorial and low
latitude magnetometers measure magnetic fields due to the same currents from
different sources such as magnetopause, ring currents, main field, solar quiet Sq,
and field aligned current (FAC), but in addition, EE]J currents are also observed at
equatorial station [38]. The resulting difference provides a general perturbation
of magnetic field due to the influence of EE]J, which is the basis for daytime vertical
drift estimation [30] [37].

Data from the Ion Velocity Meter (IVM) instrument on board C/NOFS satellite
were used to extract vertical E x B drifts. The IVM instrument consists of two
different sensors, a retarding potential analyzer (RPA) and an ion drift meter
(IDM). The RPA is responsible for measuring ion temperature, ion composition,
and the component of the ion velocity in the ram (satellite velocity) direction (Vx).
The two orthogonal components of the ion drift velocity (Vy and Vz), perpendic-
ular to the satellite ram direction, are measured by an IDM [38]. The Vz compo-
nent, near the magnetic equator, is normally considered as an estimator of vertical
plasma drifts [38]. To limit the impact of altitude variations, measurements re-
stricted to altitudes range of 400 - 550 km [37] [39] [40] during 2008-2015 were
considered. This is because the accuracy of IVM depends on the O* concentration
[29] [37] [41]. The C/NOFS ion drift observations used were within +60 m/s, con-

sidering possible geomagnetic disturbances. In an effort to minimize potential
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outliers associated with C/NOFES vertical ion plasma drift data, the median and
scaled median absolute deviation were employed [42] during the entire period of
analysis. This filtering method has been previously used in related analyses [29]
[43] [44]. This was done to remove abnormally large deviations of the data from
the mean diurnal vertical pattern. Drift meter high quality data flags were first
applied to the C/NOFS satellite data to ensure that only good data is used [29].
After removing outliers, the C/NOFS data were averaged in 5-min intervals for
each day and considered as vertical E x B drift observations.

To analyse the geomagnetic storm effects on ionospheric vertical drifts, the ar-
chived E x B drift data from magnetometers were used. The geomagnetic storm
effects on ionospheric vertical drifts were identified by calculating the perturba-

tion in E x B values using Equation (1):
(ExB)—(ExB)m
(E x B)perturbation = (E x B)m x 100%’ (1)

where (E x B), is the monthly median of E x B. The E x B perturbations were

computed when there were either CME-driven or CIR-driven storms. The E x B
perturbations were plotted against Dst index and the variations in E x B were
observed. The EEJ variations imply the electric field changes at equatorial station
which also alters the equatorial E x B drifts [21].

3. Results and Discussion

Table 1 shows the number of CIR- and CME-driven geomagnetic storms consid-
ered during the period 2008 to 2015. A total of 608 CIR-driven and 23 CME-

driven geomagnetic storms were considered.

Table 1. Number of CIR- and CME-driven geomagnetic storms identified during the pe-
riod 2008 to 2015.

Year CIR-driven storms CME-driven storms
2008 57 0
2009 16 0
2010 52 0
2011 72 4
2012 104 8
2013 86 3
2014 94 1
2015 127 7
Total 608 23

Figure 2 shows the number of CIR- and CME-driven geomagnetic storms per
year and the total geomagnetic storms observed in the period 2008-2015. Most
CIR-driven storms were observed during the declining phase of solar cycle 24 in
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2015. This is because during the declining phase, the sunspot number (SSN) is
normally lower than during solar maximum phase [45]. The largest CIR-driven
geomagnetic storms were recorded in 2008, 2009, and 2010 with minimum Dst of
—86, —83 and —81 respectively. The CME-driven geomagnetic storms, on the other
hand, were dominant in 2012 which was one of the years with high solar activity
in solar cycle 24. This result is in agreement with the previous studies [13] [46]
that CIR- and CME-driven storms occur during the solar minimum/declining
phase and solar maximum phase of the solar cycle, respectively. [47] studied the
CME-driven storms (Dst < —100 nT) during the rising and maximum phase of
solar cycle 23 and found that the occurrence and intensity of the storms follow the
known solar activity dependence, most frequent and more intense at solar maxi-
mum than at solar minimum. Figure 3 illustrates the seasonal distribution of CIR-
and CME-driven geomagnetic storms for the time period 2008-2015. Most CME-
driven storms were observed during the March and September equinoxes, which
is consistent with literature [13] [48]. The fact that more intense and numerous
geomagnetic storms occur during the equinoxes than at the solstice has been re-
ported [48] [49]. [48] attributed the seasonal variation of the geomagnetic activity
with the polarity of interplanetary magnetic field, which emerges from the chang-
ing orientation of the solar equatorial coordinate system. During the equinoxes,
the Earth’s magnetic field is more likely to be disturbed by solar events because
the direction of the axis of the Earth’s magnetic field is more nearly at right angles
to the flow of solar wind [50]. The CIR-driven storms were also mostly observed
in the equinox months, which contradicts the previous studies that showed that
CIR-driven storms occur mostly in the solstice seasons [13]. This could be at-
tributed to the fact that interaction regions produced by high speed streams occur
within the solar cycle and can drive nonrecurring geomagnetic activity [15]. The
maximum geomagnetic activity which drives the formation of a storm occurs near
the equinoxes and the minimum activity near the solstices [48]. Variation in geo-
magnetic activity has been attributed to the axial hypothesis, in which the helio-
graphic latitude of the Earth plays a role, and the equinoctial hypothesis, in which
the orientation of the Earth’s axis of rotation relative to the Earth-Sun line plays a
role [51].

To derive the relationship between magnetometer observations and C/NOFS
satellite E x B drifts, direct comparison between magnetometer-derived AH
was only considered at times when C/NOFS data were available. There were how-
ever few instances where C/NOFS data were available with no corresponding
magnetometer data, and these cases were not included in the analysis. For exam-
ple, in 2009, AH measurements were missing. Figures 4-7 show local daytime
changes in A component after removing the nighttime baseline value over Addis
Ababa and Adigrat for the years 2008, 2010, 2011 and 2012, respectively. Super-
imposed on the AH (nT) plots are available C/NOFS satellite vertical ion plasma
drift (E x B drift indicated as orange dots). These four years have been considered
to obtain a clear relationship for which the magnetometer data was readily avail-
able. In Figure 4, there is an agreement between the C/NOFS E x B driftand AH
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Figure 2. Distribution of CIR-, CME-driven storms and total number
of geomagnetic storms from 2008-2015.
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Figure 3. Monthly distribution of the CIR-driven storms (purple) and
CME-driven storms (yellow) from 2008-2015.

in identifying upward vertical drifts and downward vertical drifts. However there
is also a noticeable difference on 10 November 2008 where AH was mostly neg-
ative between 1300 LT and 1700 LT (corresponding to downward vertical drifts)
while C/NOFS E x B drift observations show upward vertical drifts. In Figure 5,
there is agreement in almost all periods between C/NOFS E x B drift observations
and AH in identifying upward and downward vertical drifts. However, there is
a visible difference on 04 April 2010 where C/NOFS observations were negative
between 0700 LT and 0900 LT (corresponding to downward vertical drifts), while
AH was positive (corresponding to upward vertical drifts). In Figure 6 and Fig-
ure 7, there is an agreement in all the periods between AH data and C/NOFS E
x B drift observations in identifying either upward or downward vertical drifts.
[44] found out that there was a correlation value of 0.50 between C/NOEFS verti-
cal E x B drifts and AH for AAE for the year 2008. Although this correlation
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seemed low, earlier studies had reported comparable results using satellite and
magnetometer observations. For example, [52] showed that the correlation values
over the Indian and Japanese sectors were =0.61 and 0.56 respectively using E x
B drift obtained from ROCSAT-1 and EE] (from ground-magnetometer data).
The low correlation values were attributed to the altitude differences at which
C/NOFEFS (or ROCSAT-1) vertical E x B driftand AH are computed. AH rep-
resents EEJ which is typically in the E region (about 110 km), while the C/NOFS
vertical ion plasma drift (equivalent to vertical E x B drift at 400 km) was esti-
mated within an altitude range of 400 - 550 km. Furthermore, the variation of
neutral wind velocity with respect to altitude in low latitudes can alter the ground
magnetic perturbation a few degrees off the magnetic equator [53] [54] and there-
fore contribute to the differences between derived AH and C/NOFS vertical E
x B drift observations. From the four years considered (2008, 2010, 2011 and
2012), AH data and C/NOFS E x B drift data agreed in identifying either up-

ward or downward vertical drifts.
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Figure 4. (a) Daytime H (nT) after removing the background H value over Addis Ababa (black curve) and Adigrat (blue) for 1
September 2008 on the left and 10 November 2008 on the right, (b) H (nT) obtained using data in (a), along with available C/NOFS
vertical ion plasma drift (m/s) (E x B drift, plotted as orange dots) for 1 September 2008 on the left and 10 November 2008 on the
right.
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Figure 4.
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(a) Daytime H (nT) for AAE (black) and ETHI (blue):03 June 2011 (a) Daytime H (nT) for AAE (black) and ETHI (blue):28 July 2011
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Figure 6. Comparison of H-component and C/NOFS vertical drifts for June 3, 2011 (left) and July 28, 2011 (right), similar to Figure
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Figure 7. Comparison of A-component and C/NOFS vertical drifts for March 20, 2012 (left) and May 29, 2012 (right), similar to

Figure 4.

To observe the geomagnetic storm effects on the ionospheric vertical drifts, we
considered the effects due to CIR- and CME-driven storms separately. Figure 8
shows the selected CIR-driven geomagnetic storms in the years 2010, 2011 and
2012 respectively. From Figure 8 (top left panel), the storm started on 10 October
2010 with storm sudden commencement (SSC) occurrence at 1820 LT which led
to the 11 October 2010 storm. The main phase of this storm started at 1800 LT on
11 October 2010 with the Dst reaching a value of —81 nT. During the main phase
of this storm, E x B drift decreased due to reductionin AH after the SSC which
is manifested as downward E x B drifts. This is a result of disturbance dynamo
electric field contribution at low latitudes during daytime [33]. The E x B drift
variations implied, the electric field changes at equatorial station, which also al-
tered the equatorial E x B drifts [21]. The storm of 03-07 February 2011 (Figure
8 top right panel) started with a SSC at 1400 LT on 04 February 2011 and its main
phase continued into the next day with Dst value reaching —60 n'T on 05 February
2011. The E x B drift decreased during the main phase of this storm, which is a
manifestation of downward E x B associated with westward electric field. The

penetration electric fields are usually westward in the midnight to dawn sector [55]
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and this explains the strong downward E x B associated with the observations on
05 February 2011. The storm of 07-11 July 2012 storm (shown in Figure 8 bottom
left panel) started with a SSC at 1900 LT On 08 July 2012. There was a temporary
sudden increase in E x B drift during the SSC. The main phase of this storm oc-
curred on 09 July 2012 with the Dst reaching a value of -86 nT. There was also a
decrease in E x B drift during the main phase of this storm. This is a manifestation
of down-ward E x B drifts associated with westward electric field which could be
due to the disturbance dynamo contribution. Electric fields of ionospheric dis-
turbance dynamo origin can reverse the low-latitude daytime eastward electric
field [33]. It is also evident that E x B drift was negative for most hours on 09 July
2012. This indicates that the equatorial electric fields remained suppressed during
most times of storm event. This could be attributed to the longer period taken
during the recovery phase [23].
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Figure 8. CIR-driven geomagnetic storms; Panels from top to bottom show the variations of (a) E x B of a day and corresponding
monthly median (nT); (b) E x B perturbation; (c) Dst (nT) as a function of Local time, two days before and after the storm day for
09-13 October 2010 storm on the left and 03-07 February 2011 storm on the right, and 07-11 July 2012 on the bottom left panel.

Figure 9 shows CME-driven geomagnetic storms of the year 2012. The analysis

was made for the year 2012 because it was the year in which most CME-driven
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storms were observed and there was corresponding magnetometer E x B drift data
for the observed storms. The 0711 March 2012 storm started with a sudden storm
commencement (SSC) occurrence at 0420 LT. This was followed by another SSC
on 8 March 2012 at 1100 LT, which led to the 9 March storm. Although the SSC
occurred on 8 March at 1100 LT, the main phase started more than about 12 hours
later at 0100 LT on 9 March 2012, with the Dst reaching a value of —145 nT (at
0800 LT). The shock of 8 March 2012 at 1100 LT led to a temporary sudden in-
crease in E x B drift due to an increase in AH , while the rest of the daytime
decrease in AH is a manifestation of downward E x B drifts associated with
westward electric field. This could be due to the disturbance dynamo contribution
that lasted long after the 7 March storm. Electric fields of ionospheric disturbance
dynamo origin can reverse the low-latitude daytime eastward electric field [33]
[56], and it has been shown both numerically [2] and with observations [57] that
the imposed westward electric field has the potential to be present for long hours
(in the order of hours to a day) even after the maximum geomagnetic activity has
returned to normal. On 9 March 2012, there was an enhancement of the eastward
electric field leading to an increase in E x B drift from about 0600 LT to 0900 LT.
The 13-17 July 2012 storm started with a SSC at 1810 LT on 14 July 2012 and its
main phase continued into the next day with Dst reaching a value of —139 nT on
15 July. Although there is no AH on 15 July 2012, it has been shown (using a
single equatorial station) that E x B drifts from magnetometer data increased be-
tween 0900 - 1100 LT [24]. [56] found out that, there was an increase in E x B
drifts due to anincreasein AH and increase in interplanetary electric fields dur-
ing this time interval, and suggested that this could have led to penetration of elec-
tric fields of magnetospheric origin to low latitudes, which are eastward during day-

time. The eastward electric field enhances equatorial latitude vertical E x B drifts.
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Figure 9. Similar to Figure 8 but for CME-driven geomagnetic storms of 07-11 March 2012, and 13-17 July 2012.

4. Conclusions and Suggestions

This study focused on analysis of the geomagnetic storm effects on ionospheric
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vertical drifts over the East African low latitude region using magnetometer data,
C/NOFES data, Dst and Kp indices. A total of 608 CIR-driven and 23 CME-driven
geomagnetic storms were identified for the period 2008-2015. Most CIR-driven
storms were observed during the declining phase of solar cycle 24 in 2015. The
CME-driven geomagnetic storms, on the other hand, were dominant during one
of the near maximum phase of the solar cycle 24 (ie, in 2012). The CIR-driven
storms were mostly observed in the March and September equinoxes, which con-
tradicts the previous studies that showed that CIR-driven storms occur mostly in
the solstice seasons. This could be attributed to the fact that interaction regions
(IRs) produced by high-speed streams occur within the solar cycle and can drive
nonrecurring geomagnetic activity. There was agreement in almost all periods be-
tween C/NOFS E x B drifts dataand AH inidentifying either upward or down-
ward vertical drifts. It was found that an enhancement in E x B drifts during both
CIR- and CME-driven geomagnetic storms was due to the presence of PPEFs. We
also observed downward E x B drifts during CIR-driven geomagnetic storms,
which are associated with westward electric field due to disturbance dynamo. This
study confirms that the ionospheric plasma dynamics in the East African low lat-
itude region are primarily governed by the east-west electric field, influencing ver-
tical drifts significantly. Findings from this study can be used to assess whether
similar mechanisms dominate in other non-African low-latitude regions, enhanc-
ing the global picture of ionospheric storm responses. Statistical analysis should
be carried out over longer time periods using other satellite missions like Swarm
satellite to determine which storm categories mostly influence ionospheric verti-
cal drifts, and this forms a basis for modelling the response of ionospheric vertical
drifts to geomagnetic storms. Furthermore, extraction of Ddyn and DP2 currents
should be done to rule out the separate contributions of DDEF and PPEF to ion-

ospheric vertical drifts during geomagnetic storms.
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