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This study presents the first comprehensive investigation of low-latitude
ionospheric plasma blobs in the African sector during the deep solar minimum
period from January 2018 to December 2020, using data from the Swarm
satellite mission. Plasma blobs are localized regions of enhanced electron
density, often associated with equatorial plasma bubbles (EPBs). While EPBs
are traditionally considered a key mechanism for blob formation, our analysis
reveals that 55.2% of plasma blob events occurred independently of EPBs,
indicating the influence of additional processes such as the fountain effect,
local thermospheric winds, and lower atmospheric forcing. The results show
that plasma blobs predominantly occur between 16:00 UT and 02:00 UT, with a
notable concentration in northern Africa, suggesting regional susceptibility to
ionospheric irregularities. Electron density enhancements within blobs range
from 5% to over 100%, and with a median of approximately 25%. Cases with
enhancements exceeding 100% are likely linked to geomagnetic storm-time
activity. This study also identifies hemispheric asymmetry in blob occurrence,
potentially driven by seasonal shifts in the Intertropical Convergence Zone
(ITCZ), gravity wave activity, and magnetic field geometry unique to the African
region. These findings highlight the complex, multifactorial nature of plasma
blob formation in the African ionosphere and provide a critical baseline for future
studies in this underexplored region. Understanding these dynamics is essential
for improving models of ionospheric irregularities and mitigating their impacts
on satellite communication and navigation systems over Africa.
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1 Introduction

Tonospheric plasma blobs at low latitudes are localized regions
of enhanced plasma density, substantially above the surrounding
ambient plasma (Watanabe and Oya, 1986; Pimenta et al., 2004;
Pimenta et al., 2007; Yokoyama et al., 2007; Huang et al., 2014;
Tardelli-Coelho et al., 2017; Klenzing et al., 2011; Kil et al,
2019; Agyei-Yeboah et al., 2021; Park et al.,, 2022; Adebayo et al.,
2023). The first observation of such localized plasma density
enhancements, along with depletions in the nighttime tropical
F-region, was reported by Watanabe and Oya (1986) using
data from the Hinotori satellite. Their statistical analysis
suggested that the occurrence probabilities of plasma depletions
(bubbles) and enhancements (blobs) appear to be complementary,
with plasma blobs typically confined to regions adjacent to
those where plasma bubbles occur (Watanabe and Oya, 19865
Yokoyama et al., 2007; Huang et al., 2014; Adebayo et al., 2023).
Subsequent observational and modeling studies have investigated
the relationship between plasma blobs and other ionospheric
phenomena, including Medium-scale Traveling Ionospheric
Disturbances (MSTIDs), geomagnetic storms, and the Equatorial
Tonization Anomaly (EIA) (Pimenta et al., 2007; Yokoyama et al.,
2007; Klenzing et al, 2011; Kil et al., 2019; Park et al., 2022;
Adebayo et al., 2023; Thokuluwa, 2025). Simultaneous observations
of plasma blobs and plasma bubbles along the same magnetic
meridian (Yokoyama et al, 2007; Huang et al, 2014), as well
as numerical simulations (Ossakow etal., 1979; Zalesak etal,
1982; Carrasco etal,, 2020), suggest a close connection between
their generation mechanisms. However, the detection of blobs
in the absence of bubbles (Klenzing et al, 2011) indicates
that plasma bubbles are not a necessary condition for blob
formation.

Recent studies have investigated various mechanisms to explain
the formation of ionospheric plasma blobs (Park et al, 2022;
Adebayo et al., 2023; Thokuluwa, 2025). For instance, Adebayo et al.
(2023) reported the merging and bifurcation of plasma blobs in
the Brazilian Amazon region. The merging was attributed to the
influence of local neutral winds, while the bifurcation was linked to
polarization electric fields within the associated equatorial plasma
bubbles (EPBs). In this context, the amplification of polarization
electric fields within developing plasma bubbles plays a key role
in driving plasma upward, eventually leading to the formation of
blobs (Huang et al., 2014; Adebayo et al., 2023). An alternative
hypothesis attributes blob formation to meridional winds and
nonuniform airflow in the ionosphere, which can modify the
plasma distribution along a bubble’s magnetic flux tube, generating
localized plasma enhancements or “blobs” (Klenzing et al., 2011;
Wang et al., 2019). Also, observations in both the African and South
American sectors have revealed occurrences of plasma bubbles
without accompanying plasma blobs, highlighting the complex and
variable nature of blob formation (Okoh et al., 2017; Chian et al.,
2018; Adebayo, 2021). A recent case study over the African region
by Park et al. (2023), using data from the GOLD satellite, associated
plasma blob occurrences with activity in the Equatorial Ionization
Anomaly (EIA). These blobs were found to remain near the EIA
crest and poleward of adjacent plasma bubbles, consistent with
earlier findings from the Central and South American sectors
(Pimenta et al., 2007; Park et al., 2022).
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While extensive research has been conducted over the Brazilian
tropical sector and other sectors, studies focused on the African
region remain limited and incomplete. In this paper, we present
the first in-situ observations of ionospheric plasma blobs over
the African sector during a deep solar minimum period (January
2018 - December 2020). This study aims to investigate the
morphology, dynamics, and spatiotemporal characteristics of these
plasma blobs. Key observational features are identified, analyzed,
and discussed to improve our understanding of blob behavior in this
underexplored region.

2 Data and observations

In this study, plasma blobs are identified as localized regions
of enhanced electron density, typically exhibiting a 5%, or more,
above ambient plasma density. To prevent potential artifacts, like
small peak of electron density (Ne) around the dayside dip equator,
as reported by Song et al. (2022), we excluded any enhancements
located within £5° of the 10°N latitude, as all artifacts were
observed within this region. The identification of plasma blobs
was carried out through a visual inspection (https://vires.services/)
using both electron density data and Total Electron Content (TEC)
data. Only electron density enhancements that coincided with
corresponding TEC enhancements were considered valid. This is
because known artifacts in the Swarm electron density data do
not exhibit corresponding TEC enhancements (Song et al., 2022).
Figure 1 illustrates the methodological workflow, beginning with
data pre-processing followed by data analysis. To estimate the north-
south scale size of the blobs, we used the along-track extension of the
blobs. This extension was then converted into kilometers, where 1°
of latitude was assumed to correspond to approximately 110 km. A
similar approach was used by Le et al. (2003) for estimating the scale
size of plasma blobs.

Swarm is a constellation mission by the European Space Agency
(ESA) consisting of three identical satellites, namely, Swarm A, B,
and C, launched into near-polar orbits in November 2013. Their
initial pearl-of-strings configuration allowed for the study of Polar
Cap Patches (PCP) evolution, as Spicher et al. (2017) explained.
In addition, Park et al. (2015) used the same configuration of the
satellites (A, B, C) to study the westward tilt of plasma blobs.
By April 2014, the satellites’ orbits had been set, resulting in
Swarm A and Swarm C orbiting at about 460 km and Swarm B
at approximately 510 km. Each Swarm satellite carries an identical
payload comprising several instruments; in this study, we used only
the electron density (Ne) and the Total Electron Content (TEC)
data from satellite C as A makes practically the same observation
as C but with about 1.6° difference in longitude (however, in future
work, we plan to incorporate data from Swarm A to examine the
possible cross-track (zonal) structure of plasma blobs). Both the
Ne and TEC are derived from Electric Field Instrument (EFI) and
onboard GPS Receiver (GPSR) instruments, respectively (Jin et al.,
2020). In this study, Swarm satellite C data obtained during the
period from January 2018 to December 2020 (Low solar activity;
average 10.7 cm solar radio flux <80 x 10™*Wm™>Hz™!) were used to
analyze the daily and seasonal occurrence of plasma blobs over the
African Sector. Figure 2 shows an example of the trajectory of the
Swarm satellite C (in blue) on 7 November 2018, and the magnetic
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FIGURE 1
Flowchart illustrating the methodology, including data pre-processing, subsequent data analysis and visualization using Python.

equator (dashed line). In addition, the position of the detected  plasma blobs generation in the African sector. The deep solar
plasma blob, and the crests of the EIA are shown as short red and ~ minimum period of 2018-2020 was selected to minimize the
magenta lines, respectively. Typically, Swarm satellite C passes over  influence of geomagnetic storm-driven ionospheric disturbances,
the African region six (6) times daily at varying longitudes. which are frequent during high solar activity (Momeni and Migoya-
Orué, 2025). This allows clearer isolation and investigation of
lower atmospheric forcing mechanisms contributing to plasma blob

esults ormation in the African sector. Understanding these processes
3R It fe he Af; d ding these p

under quiet conditions enhances our ability to attribute cause-effect

. aSMma DLODS oCccurrence an relationships, crucial for improving ionospheric modeling. Given
3.1 Pl blob d | hip 1 for improving ph deling

geomag netic conditions that plasma blobs can impact satellite communication and GNSS

reliability even during quiet times (Maruyama, 1991), their study
Figure 3, presents the F10.7 index (upper panel) and the Dst ~ during solar minimum has significant practical implications for
index (bottom panel). In the figure, between the vertical red  space weather forecasting and technological resilience.
dashed lines, we have the period of Swarm Satellite C electron In addition, to explore the relationship between geomagnetic
density data analyzed. The F10.7 index indicates relatively low  conditions and plasma blob occurrence, we use the Dst index for
solar activity during the period from January 2018 to December  classification. Figure 3 (lower-panel) displays the daily averaged Dst
2020, which provides an opportunity to examine the occurrence  values from 1 January 2018, to 31 December 2020. To determine
frequency and physical mechanisms responsible for ionospheric =~ whether the geomagnetic conditions were calm or disturbed we
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FIGURE 2

Blue lines show the Swarm Satellite C's trajectories on 7 November 2018, in the African region. Short red line indicates where the plasma blob was
detected for that day, and the two short magenta lines indicate the position of the EIA crests during the trajectory. Dashed line indicates the

magnetic equator.

adopted the criteria described in Gonzalez et al. (1994), in which
great (or intense) storms are those with peak Dst of =100 nT or
less, moderate storms fall between —50 nT and —100 nT, and weak
storms are those between —30 nT and —50 nT. A weak geomagnetic
storm occurred only on August 25-26, 2018, while the remaining
days in the study period were characterized by relatively quiet
geomagnetic conditions, with Dst values consistently above —50 nT
(see horizontal dashed red line in Figure 3, lower panel). This
suggests that the influence of prompt penetration electric fields from
higher latitudes, a known driver of plasma irregularities during
storm, is unlikely to be the primary cause of the majority of the blobs
observed in this study.

3.2 Selected events of plasma blobs in the
African Sector
Figure 4 presents electron density data from the Swarm Satellite

C over the African sector on 7 November 2018; 25 October 2019;
and 2 May 2020. The blobs, localized electron density enhancements,
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are indicated by black dashed arrows in the left panel, while the
right panel shows the corresponding slant Total Electron Content
(STEC). In each case, the blobs were observed around 20°N to
30°N latitude and the density increased by 35%, 50% and 15% for
7 November 2018; 25 October 2019; and 2 May 2020, respectively.
For the sTEC data, the blobs were detected by several Pseudo
Random Noise (PRN) codes; however, only one PRN was selected
for each case: PRN 5 for 7 November 2018; PRN 14 for 25 October
2019; and PRN 32 for 2 May 2020. Pseudo Random Noise (PRN)
codes are unique, predefined binary sequences used in satellite
navigation systems (like GPS) to identify and track individual
satellites (Geri et al., 2016). Each satellite transmits a distinct
PRN code, allowing receivers to distinguish signals from different
satellites and measure signal travel time. This is essential for accurate
positioning and for deriving ionospheric parameters such as Total
Electron Content (TEC). In the context of this study, PRN codes
are used to identify signals from GNSS satellites received by Swarm’s
onboard GPS receivers, enabling precise TEC measurements along
the satellite-to-GNSS signal path. These selected cases represent
individual events from each year of the study, and all other events
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FIGURE 3

Upper-panel-F10.7 index for data from 2000-01-01 to 2025-03-15 and the two dashed vertical lines indicate the period of study, deep-solar
minimum, 2018-01-01 to 2020-12-31. Lower-panel - Dst index for the period of study and the dashed red horizontal line indicates the cut-off Dst
value for geomagnetic storm condition. These datasets were obtained from OMNIWeb (OMNIWeb Data Explorer).

exhibit a similar pattern. Additionally, the Equatorial Ionization
Anomaly (EIA) crests, indicated by red arrows, are clearly visible
in each of the cases presented. The EIA is a prominent ionospheric
feature characterized by two bands of enhanced electron density
located approximately 15° north and south of the magnetic equator
(Abdu et al.,, 1991; Balan et al., 2018). This phenomenon results
from the combined influence of the fountain effect and inter-
2013). The fountain effect is
driven by strong eastward electric fields during the daytime,

hemispheric winds (Xiong et al.,

which, through E x B drift, lift ionospheric plasma vertically at
the magnetic equator. Once elevated to higher altitudes where
recombination rates are lower, the plasma moves along geomagnetic
field lines under the influence of gravity and pressure gradients,
descending at off-equatorial latitudes. This redistribution creates the
two high-density crests of the EIA on either side of the equator
(Batista et al., 2011; Khadka et al., 2018).

Complementing this process are inter-hemispheric winds,
which can influence the symmetry and intensity of the EIA crests
(Xiong et al., 2013; Loutfi et al., 2022). These thermospheric winds,
often driven by seasonal heating differences between hemispheres,
can push plasma preferentially toward one hemisphere, modulating
the latitudinal position and strength of the anomaly (Batista et al.,
2011; Khadka et al., 2018; Kwak et al., 2019). For example, during
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solstices, the wind tends to flow from the summer to the winter
hemisphere, enhancing the EIA crest in the winter hemisphere while
suppressing it in the summer hemisphere (Huang et al., 2018). Thus,
the temporal and spatial behavior of the EIA is largely governed by
the dynamics of the fountain effect and modulated by the prevailing
inter-hemispheric wind patterns, both of which vary with local time,
season, and solar activity.

3.3 Distributions of plasma blobs in the
African Sector

Figure 5 shows the distribution of plasma blobs detected by the
Swarm Satellite C over the African sector from 1 January 2018,
to 31 December 2020. The blobs are color-coded by year: blue
for 2018, red for 2019, and green for 2020. A total of 231 blob
events were recorded in 2018, 206 in 2019, and 187 in 2020. The
difference in the number of events between 2018 and 2019 is 25,
and between 2019 and 2020 is 19. This trend suggests a gradual
decline in the number of blob events as solar activity begins to
increase. In other words, as the solar cycle transitions out of the
deep solar minimum and enters its ascending phase, the occurrence
rate of plasma blobs appears to decrease. Our findings are consistent
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FIGURE 4
Left panel - Swarm Satellite C Electron density data in the African sector for 7 November 2018, 25 October 2019, and 2 May 2020 with blob indicated
by black dashed arrows. Right panel - Corresponding absolute sTEC for 7 November 2018, 25 October 2019, and 2 May 2020 with the detected blob
indicated also by black dashed arrows. The EIA crests are indicated by the red dashed arrows.

with the conclusions of Watanabe and Oya (1986), supporting
this observed trend. Additionally, our results reveal for the first
time a hemispheric asymmetry in plasma blob occurrence during
the deep solar minimum. As shown in Figure 5, blob occurrence
frequency is concentrated primarily in the geographic latitude
(GLAT) range of 20°-35° in the Northern Hemisphere, whereas
in the Southern Hemisphere, it spans a wider range from 0° to 35°.
This spatial difference between hemispheres suggests a significant
role of land-atmosphere-ionosphere coupling in influencing both
the Equatorial Ionization Anomaly (EIA) and local thermospheric
winds, thereby affecting the generation and distribution of
plasma blobs in the African sector during periods of low
solar activity.

3.4 Seasonal/monthly variations of plasma
blobs

Seasonal and monthly distribution of plasma blobs in the
African sector during the period from January 2018 to December
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2020 are presented in Figure 6. In January, a higher number of
events are observed in southern Africa sector compared to northern
Africa sector. In February, March, and April, the blobs are more
concentrated around 20°N to 30°N, particularly evident in February
and March. During the equinoxes, in March and September, the
distribution is similar, with blobs clustered at 20°N to 30°N. In
contrast, during the solstices in June and December, the occurrence
rate of plasma blobs is lower, and no such clustering is observed
at 20°N to 30°N. In May, July, and August, plasma blobs appear
to be more widespread (in higher latitudes), with occurrences
shifting primarily northwestward and southeastward. However, in
October and November, the cluster of blobs at 20°N to 30°N
reappears. These varying spatial and seasonal patterns suggest that
multiple mechanisms are possibly responsible for the generation of
these plasma blobs. June, August, and December have the fewest
cases of plasma blobs similar to the report of Park et al. (2008a).
Several mechanisms have been proposed to explain the generation
of plasma blobs, including the development of equatorial plasma
bubbles (plasma depletions), the equatorial ionization anomaly
(EIA), traveling ionospheric disturbances (TIDs), and non-uniform
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The location of the 650 plasma blobs detected in the African sector by Swarm satellite C. Blue dots represent the blobs detected in year 2018, red dots
indicates the blobs detected in year 2019 and green dots indicate the blobs detected in year 2020.

thermospheric winds (Watanabe and Oya, 1986; Pimenta et al., 2004;
2007; Krall et al., 2010; Huang et al., 2014; Tardelli-Coelho et al.,
2017; Kil et al., 2019; Agyei-Yeboah et al., 2021; Adebayo, 2021;
2023; Park et al., 20225 2023). Thus, the seasonal variations in blob
characteristics suggest a possible interplay of multiple mechanisms
responsible for their generation.

3.5 Detection time and scale-size of
plasma blobs

Figure 7 shows the distribution of plasma blob detection times
(in UT hours) for each year as well as the combined data (left
panel), and the north-south extent (in kilometers) of the blobs
(right panel). For 2018, most plasma blobs were detected between
15:00 UT and 05:00 UT, with few or no events observed between
06:00 UT and 14:00 UT. A similar pattern is evident in 2019, with
most blobs detected between 16:00 UT and 05:00 UT, and little to
no events between 05:00 UT and 15:00 UT. In 2020, the majority
of blobs were detected between 15:00 UT and 05:00 UT, with a
similar absence of events between 06:00 UT and 14:00 UT. For the
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combined dataset, the pattern mirrors that of each individual year,
with the highest blob occurrences between 15:00 UT and 05:00 UT
and very few events from 05:00 UT to 14:00 UT. These findings
suggest that plasma blobs in the African sector are most frequently
detected after sunset, with peak occurrences in the pre-midnight
(22:00 UT) to post-midnight (02:00 UT) hours, followed by a decline
towards sunrise. This temporal distribution aligns with the findings
of Su et al. (2022) and Park et al. (2008b), who observed peak blob
occurrences in the pre- and post-midnight hours. Using an all-sky
imager, Adebayo (2021) tracked the scale size of plasma blobs from
post-sunset to post-midnight, reporting that the blobs reached full
development around local midnight (24:00 h). Later, Adebayo et al.
(2023) observed merging and bifurcation of plasma blobs near
midnight, after which the structures disappeared from the imager’s
field of view. Hence, the results of the present study further support
the notion that plasma blobs are most commonly detected between
the sunset and pre-midnight hours.

The scale size of the plasma blobs, determined from their along-
track north-south extension, shows a right-skewed distribution.
The average scale size for 2018, 2019, and 2020 is approximately
440.8 km, 392.5 km, and 401.8 km, respectively. For the combined
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dataset, the right-skewed distribution remains evident, with an
estimated average scale size of 413.2 km. Previous studies report
varying estimates of plasma blob scale sizes. Park et al. (2015),
using Swarm satellite data, reported a westward tilt in plasma blobs,
with a north-south extent of approximately 5° corresponding to
a latitudinal size of about 500 km. Pimenta et al. (2007), using an
all-sky imager, found typical east-west and north-south extensions
of 110-160 km and 200-460 km, respectively. Wang et al. (2015),
based on in-situ measurements from ROCSAT, estimated the scale
size to be around 800 km. Adebayo (2021) reported a north-
south extent of 110-230 km using an all-sky imager during periods
of both high and low solar activity. Similarly, Pimenta et al.
(2004) estimated the east-west and north-south extensions to be
100-140 km and 130-170 km, respectively. Considering the scale
size distribution observed in Figure 7 and comparing it with these
previous findings, most especially Park et al. (2015), it is evident
that our results align with the general range of values reported in the
literature.

3.6 Spatiotemporal distribution of plasma
blobs

To investigate the distribution of plasma blobs in the African
sector, including their latitudinal variation, we analyzed data from
2018 to 2020, considering latitude, longitude, day of the year, and
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event count. Figure 8 illustrates the spatiotemporal distribution of
plasma blob occurrences. The upper panel shows the latitudinal
occurrence rate throughout the year, with events binned into 5°
latitude intervals and 10-day intervals for the Day of Year (DOY).
The color intensity represents binned event frequency, highlighting
both seasonal and latitudinal variations. The lower panel extends this
analysis by incorporating longitudinal information, mapping event
occurrences onto a latitude-longitude-day-of-year (DOY) grid. It
shows a single slice for DOY 050, while the full temporal distribution
is compiled into a video provided as Supplementary Material.
Latitude and longitude are discretized into 2° and 5° bins,
respectively, while DOY is sampled at 10-day intervals. This provides
a comprehensive view of the spatial and temporal distribution of
plasma blobs across different African sectors throughout the year.
From the upper panel of Figure 8, the latitudinal distribution of
blob occurrences shows a higher frequency of events in northern
Africa (specifically between 15°N and 30°N, with maximum peak
in February and March. The lower panel of Figure 8 shows a
similar pattern, with most blobs detected in northern Africa and
fewer events observed in southern Africa. This study is the first to
highlight the spatiotemporal patterns of plasma blobs in the African
sector and to report a significant concentration of occurrences
in the northern African region, indicating that this area may be
more prone to ionospheric plasma irregularities compared to other
parts of the sector. More so, the African Northern Hemisphere
is known for strong diurnal heating, which can modulate local
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Upper panel - The figure shows the latitudinal occurrence rate of plasma blobs over the year (2018 - 2020), with 10-day intervals for the Days of Year
(DOY) and 5° latitude bins. The 2D histogram accumulates counts of events within each DOY and latitude bin. The intensity of the plot represents the
binned frequency of occurrences, with color indicating count density. Lower panel - The occurrence of events is mapped onto a
latitude-longitude-day-of-year (DOY) grid, where events are binned at 10-day intervals across the year. Latitude and longitude are discretized into 2°
and 5° steps, respectively. The 2D histogram accumulates event counts within each spatial and temporal bin.

neutral winds, subsequently influencing phenomena such as the
Equatorial Ionization Anomaly (EIA) and gravity waves, thereby
impacting blob morphology and dynamics and pointing to the role
of land-atmosphere-ionosphere coupling.

4 Discussion

This study presents the first comprehensive characterization of
ionospheric plasma blob occurrences in the topside ionosphere over
the African sector during a deep solar minimum. Plasma blobs,
a type of ionospheric plasma irregularity, are known to disrupt
radio communication through signal fluctuations and scintillation
(Jin et al,, 2020). To quantify plasma enhancement within blobs,
we calculated the percentage increase in electron density relative
to background levels (Figure 9). The results show a right-skewed
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distribution, with most events exhibiting enhancements between
5% and 100%, and a median around 25%. Unlike previous case-
study-based reports, this statistical approach provides a broader
perspective. Earlier studies (e.g., Watanabe and Oya, 1986) found
enhancements up to 200% during high solar activity, but such
levels are less common during deep solar minimum conditions.
The lower enhancements observed here are consistent with reduced
background densities and lower solar flux. Nevertheless, rare events
with >100% enhancement may reflect geomagnetic storm-time
effects, as noted by Pimenta et al. (2007). Overall, our findings
show that during deep solar minimum, plasma blobs over the
African sector typically enhance electron density by 5%-100%, with
occasional events exceeding this range due to storm-time dynamics.

The analysis of plasma blob occurrences in the African
sector from January 2018 to December 2020 provides valuable
insights into their distribution, timing, and potential generation
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Electron density enhancement (%) for each plasma blob event, calculated as the percentage increase relative to the background density. This quantifies

the degree of plasma enhancement associated with each event.

mechanisms. The results indicate that plasma blobs primarily
occur during the post-sunset to post-midnight hours, with peak
occurrences around pre-midnight. This pattern is consistent with
previous studies in other sectors, such as those by Su et al
(2022), Adebayo (2021) and Park et al. (2010), which suggest a
close association between plasma blob formation and nighttime
ionospheric dynamics.

One of the leading mechanisms for plasma blob generation is the
role of equatorial plasma bubbles (EPBs), which have been widely
reported as a key driver (Park et al.,, 2003; Pimenta et al., 2007;
Huang et al., 2014; Tardelli-Coelho et al., 2017; Agyei-Yeboah et al.,
20215 Adebayo et al., 2023; Thokuluwa, 2025). EPBs typically form
around the magnetic equator and are mapped along geomagnetic
field lines to low latitudes, potentially seeding blob formation at
varying latitudes during their evolution (Huang et al., 2014). Several
cases observed in this study support this hypothesis, as shown in
Figure 10 (2018-05-12, 2018-08-30, 2019-02-08). However, in the
first panel (2018-05-12), a case study reveals a blob located only
at the northern edge of the plasma bubble, with no corresponding
southern edge counterpart similar to the report of Park et al. (2010),
Figure 2, panel (e). This suggests that plasma blobs associated with
EPBs may not always be symmetrical, contrary to the hypothesis put
forth by Huang et al. (2014). Meridional thermospheric winds could
play a significant role in this asymmetry, as previously suggested
by Luo et al. (2018) and Krall et al. (2010). The presence of strong
zonal and meridional winds can either enhance or suppress the
development of EPBs (Aa et al., 2024), thereby influencing the spatial
distribution of blobs. On the other hand, the difference between the
northern and southern hemispheres in the spatial distribution of
plasma blobs indicates that land-atmosphere-ionosphere coupling
may play a key role in modulating both the Equatorial Ionization
Anomaly (EIA) and thermospheric winds, thereby influencing the
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generation and distribution of blobs in the African sector during
deep solar minimum.

Furthermore, we observed several instances where plasma
bubbles were present without accompanying plasma blobs, and
vice versa. Quantitatively, 44.8% of the blob events occurred in
conjunction with EPBs, either in the same longitude or in adjacent
longitudes, while 55.2% of blob events occurred in the absence
of EPBs. The absence of EPBs indicates that no depletions were
recorded along the trajectories on the days when blobs were
detected. For example, the three cases shown in Figure 4 were
detected in the absence of EPBs, but we noted deformations
in the EIA structure, such as the merging of the two crests
in the event of 25 October 2019. Adebayo (2021) observed
similar cases of bubbles without blobs over the Brazilian sector
using optical instruments, suggesting that polarization electric
fields (E) might play a crucial role in the formation of plasma
blobs associated with EPBs. They proposed that a threshold of
polarization electric field strength might be required to trigger blob
development, compared to the cases of bubbles without blobs. In
addition, they stated that EPBs without blobs exhibited a relatively
shorter depletion band compared to those associated with blobs.
Interestingly, several symmetrical blobs were also observed in the
EIA without EPBs in the African longitudes (e.g., 2020-01-17,
Figure 10), raising the possibility that these blobs are related to
fountain effects combined with local neutral wind dynamics as
suggested by Pimenta et al. (2007).

Additionally, our results reveal for the first time a hemispheric
asymmetry in plasma blob occurrence during the deep solar
minimum. Blob occurrence frequency is concentrated primarily in
the geographic latitude (GLAT) range of 15°-30° in the Northern
Hemisphere, whereas in the Southern Hemisphere, it spans a wider
range from 0° to 35°. This spatial difference between hemispheres
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Case studies of plasma blobs and their accompanying ionospheric phenomena. Event 2018-05-12 shows the plasma blobs in the northern edge
(poleward) of plasma bubbles and no such blob in the southern edge. Events 2018-08-30 and 2019-02-08 show the asymmetry blobs in both the
northern and southern edge of the plasma bubble. Event 2020-01-17 shows an example of asymmetry plasma blobs but in the absence of plasma

bubbles. The arrows point to the plasma blobs.

suggests a significant role of both the Equatorial Ionization Anomaly
(EIA) and thermospheric winds in the generation and distribution
of plasma blobs in the African sector during periods of low solar
activity. Based on these findings, we can infer that the generation of
plasma blobs in the African sector is likely driven by a combination
of factors, including geomagnetic field variations, EIA dynamics,
EPBs, and neutral wind interactions. The diverse characteristics
of the observed blobs suggest that a deeper understanding of
their physical processes, such as development and morphology,
could enhance our knowledge of ionospheric plasma irregularities,
particularly in underexplored sectors like Africa.
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4.1 Possible mechanisms for the
generation of plasma blobs in the African
Sector

Considering the observed diverse features of plasma blobs
in the current study, the coupling between the land/Earth
surface and the upper atmosphere/ionosphere could be a
significant underlying factor in why plasma blobs in the
African sector show patterns different from other regions.
Below, we discuss how such coupling might have influenced the
observed results.
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4.1.1 Thermospheric wind modulation by lower
atmospheric forcing
Large-scale the

influenced by tides and planetary waves generated in the lower

circulation in thermosphere can be
atmosphere (Rishbeth and Garriott, 1969; de Araujo et al,
2020). Over Africa, strong diurnal heating (due to high solar
insolation) over land, especially in the northern hemisphere
subtropics, can amplify upward-propagating atmospheric tides
(Tuenter et al., 2003; Attwood et al., 2024). These tides can
modulate EIA strength and plasma transport, potentially leading
to asymmetric plasma blob occurrence between hemispheres, as

observed in the present study.

4.1.2 Gravity wave forcing from convection

Africa is known for intense deep convective systems, especially
near the equator and in northern subtropical regions (e.g., ITCZ
migration zones) (Futyan and Del Genio, 2007; Wu et al., 2020).
Convective activity can generate gravity waves that propagate
upward, perturbing ionospheric electron density (Seba et al., 2021;
Essien et al., 2022; Nyassor et al., 2025). Such perturbations can
seed instabilities (like localized E x B drifts or plasma density
enhancements) that favor blob formation, even without EPBs,
possibly accounting for the observed “independent blobs”

4.1.3 Magnetic field geometry and land—ocean
contrast

The African sector’s magnetic declination and inclination differ
from South America significantly, affecting how neutral wind
patterns (driven from below) project into plasma transport along
field lines (Zhang et al., 2012; Sun et al., 2015). The land-ocean
thermal contrast is strong in the African sector (west coast
upwelling, large inland deserts) (Futyan and Del Genio, 2007),
producing pressure gradients that feed into thermospheric wind
systems and possibly influence blob latitudinal distribution. This
could explain why blobs are more frequent between 15°N and 30°N
and have broader occurrence in the southern hemisphere.

4.1.4 Seasonal and hemispheric asymmetry

The seasonal shift of the ITCZ changes where the strongest
tropospheric convection occurs (Suzuki, 2011). In the African
sector, the ITCZ experiences a seasonal shift, moving northwards
during the Northern Hemisphere’s summer and southwards during
the winter. This shift is driven by the differential heating of
land and ocean, causing the ITCZ to follow the warmest surface
temperatures (Nicholson, 2018). In the spatiotemporal results, peaks
in February-March match the northern hemisphere’s pre-equinox
heating period, when coupling effects from the lower atmosphere
are known to be strong. Such seasonal modulation could drive the
hemispheric asymmetry observed in the present study.

These proposed mechanisms require further thorough
investigation through coordinated ground-based and in-situ

observations, as well as modeling efforts.

5 Conclusion

This study provides the first comprehensive investigation
into the occurrence and characteristics of plasma blobs in the
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topside ionosphere over the African sector during a deep solar
minimum period (2018-2020). Using Swarm satellite data, we
characterized the spatial, temporal, and seasonal patterns of blob
occurrences, as well as their internal plasma enhancements. The
results show that plasma blobs predominantly form between
16:00 UT and 02:00 UT, aligning with post-sunset ionospheric
dynamics. A higher concentration of blobs was observed in
northern Africa, likely due to land-atmosphere-ionosphere
coupling, processes particularly relevant in the African context
and the influence of local thermospheric wind patterns. While
equatorial plasma bubbles (EPBs) were confirmed as a major driver
of blob formation, our findings also reveal that approximately
55.2% of blobs occurred without any associated EPBs. These
independent events suggest the presence of alternative mechanisms.
We propose that lower atmospheric processes, such as enhanced
atmospheric tides, gravity waves from deep convection, and
the strong land-ocean thermal contrasts specific to the African
sector, modulate thermospheric winds and electric fields, thus
contributing to blob generation. Seasonal ITCZ migration and
hemispheric heating asymmetries also appear to influence the
latitudinal distribution and hemispheric occurrence of blobs.
Our analysis of electron density enhancements within blobs
shows a right-skewed distribution, with most events exhibiting
a 5%-100% increase over background levels and a median
enhancement around 25%. Rare cases exceeding 100% may be
linked to geomagnetic storm-time activity, consistent with previous
storm-related observations.

These findings show the complex, multifactorial nature
the
highlighting the role of regional geophysical conditions and

of plasma blob formation in African  ionosphere,
lower atmosphere—ionosphere coupling. This study provides a
valuable baseline for future work and reinforces the need for
integrated observations across atmospheric layers. In future
work, we plan to incorporate data from Swarm A to examine
the cross-track (zonal) structure of plasma blobs. This will
complement our current along-track (meridional) analysis and
allow for a more complete characterization of blob morphology,
although such efforts will require substantial re-processing of

the dataset.
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