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Aim

This study aims at discussing longitudinal effects on the variability of the vertical ExB
drift velocity at low latitudes, specifically over African sector.

To this effect, observations from ground-based magnetometers and the Ion Velocity
Meter experiment onboard C/NOFS satellite are analyzed in conjunction with equatorial
electric field and neutral wind model estimates under geomagnetically quiet conditions
in the years 2012-2013.
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Introduction

A global knowledge of vertical drift is crucial for improving the accuracy of theoretical models as well as

enhancing our understanding of ionospheric processes (electrodynamics) in the low-latitude. Unfortunately, the

non-availability of radars over least covered regions such as Africa, the characteristics long-term absence of

ionospheric observational tools and the sparse distribution of existing ones over this continent constitutes a major

limitation (Akala et al., 2013; Amaechi et al., 2018). Even satellites observations which contribute to a better

understanding of the variability of the vertical drift are limited in time for a given longitude.

Past studies have however, suggested that there are longitudinal differences in ionospheric parameters over the

longitudinal sectors of Africa (Paznukhov et al.,2012; Mungufeni et al., 2016) This variability to a large extent has

been attributed to changes in the vertical drift (Amaechi et al., 2021; Yizengaw, 2021) . The understanding of this

variability is however, limited due to the lack of studies over the various longitudinal sectors of Africa.
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Introduction
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Data Analysis and Method

Data sets
In this study, we have utilized the horizontal component of the Earth magnetic field (H) derived from ground-
based magnetometers measurements in Africa. The geographic location of the 6 magnetometers along with their
distribution into the Atlantic, Western and Eastern sectors is shown in Figure 1. The coordinates of the stations
are given in Table 1.
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Data sets

Data Analysis and Method
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Data Analysis and Method

Method

How can we estimate EEJ ?

 Magnetometer at off the equator

BObs = Bmain+BSQ+BFAC+BRC+BMP

 Magnetometer at the equator

BObs = Bmain+BSQ+BFAC+BRC+BEJ+BMP
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EEJ estimation technique?
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Results and discussion

 Existence of longitudinal difference in the
EEJ between the Eastern, Western and
Atlantic longitudinal sectors

 Interestingly, these longitudinal differences 
were well captured by the EEFM (see magenta 
curves of Figure 2). As such, an upward drift 
of 22 m/s, 21 m/s, 28 m/s corresponded to an 
eastward electric field of about 0.6 mV/m, 
0.52mV/m and 0.70 mV/m for the Atlantic, 
Western and Eastern longitude, respectively

 Kelly (1989) had found that a zonal
eastward drift of 100 m/s corresponded with
a vertical downward electric field
component of magnitude 2.5 mV/m.
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Results and discussion

Fig. 4. Similar to Fig. 3 but for year 2013. During this year, Delta H data
was available for 5/7 months in the Western/Eastern sector.
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Results and discussion
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Results and discussion

Fig. 7. Seasonal variations of equatorial electric field in Africa over Conakry (green line), Abuja
(red line) and Addis Ababa (blue line) during quiet period of years 2012 and 2013.
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Results and discussion

Fig. 8. Seasonal variation of quiet time zonal wind derived from the HWM14 in 2012 (top
panels) and 2013 (bottom panels) over Conakry (green line), Abuja (red line) and Addis
Ababa (blue line).

Fig. 9. Seasonal variation of quiet time meridional wind derived from the HWM14 in
2012 (top panels) and 2013 (bottom panels) over Conakry (green line), Abuja (red line)
and Addis Ababa (blue line).

Our investigation of the seasonal variability of neutral wind at the three stations revealed that
during all seasons, the zonal wind is westward with a peak velocity that increased from Addis
Ababa to Abuja, and then Conakry at about 14:00 LT (Figure 8). Oppositely, the meridional wind
is poleward with a velocity that decreased from Addis Ababa, then Abuja and Conakry. From
10:00 – 14:00 LT in June solstice however, the wind turned to equatorward with a weaker velocity
in Conakry (Figure 9). 15



We had earlier found that the peak EEF increased from Conakry to Addis Ababa. The meridional (zonal) wind was clearly
the strongest (weakest) in Addis Ababa where the electric field was also the strongest of the three sectors. We thus, submit
that the electric field was stronger at the longitudinal sector where the zonal wind was minimal and the meridional wind
maximal

Hartman,and Heelis, (2007) had stressed on the role of the meridional wind on driving longitudinal difference in the
eastward E × B drift at the equatorial region. They found that the longitudinal variation in the drift was related to the
changes in the zonal currents driven by meridional winds at F region height of the equatorial ionosphere. It had been
recently found that, changes in the thermospheric neutral winds are the reason for the longitudinal differences that have
been reported in equatorial electric fields between the West and East Africa stations (Yizengaw et al, 2014; Tesema et al,
2017; Rabiu et al., 2021) They found that, in general, the neutral wind speed observed in eastern African sector is weaker
and stronger in west African sector compared with speeds observed in other longitude sectors.

Results and discussion
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Conclusion

The following points can be taken as the main findings of this study :

(i) Satellite observations and ground-based data showed the existence of longitudinal differences in the magnitude of the E×B drift over the

Atlantic, Western and Eastern sectors. These were well reproduced by the EEFM during the days when data were available at the three

longitudinal sectors. We note that past works had only focussed on the Western and Eastern sectors.

(ii) On a seasonal basis, strongest EEF peak was observed over the Eastern sector suggesting that the vertical drift is also the strongest over

that sector. In addition, the trend of variation of EEF showed a reduction in peak from the Eastern sector to the Atlantic sector.

(iii) There was a longitudinal difference in the magnitude of the zonal wind which was essentially westward from 06:00 to 18:00 LT.

Furthermore, the zonal wind velocity was higher at the station located in the Atlantic sector.

(iv) Overall, there was also a longitudinal difference in poleward meridional wind with its peak velocity being the highest in the Eastern

sector. The trend in variation of the meridional wind showed a reduction from the Eastern to the Atlantic sector.

We could infer thus, that the neutral wind had played a crucial role in driving the longitudinal differences in the vertical drift velocity in

Africa. The fact that the zonal wind is weaker while the meridional wind is stronger in the Eastern sector could account for the stronger

vertical drift velocity measured at this longitude. Direct wind and drift measurements are therefore needed over this region for a better

understanding of the equatorial ionospheric dynamics and its morphology and thus, the impact on critical navigation and communication

technologies. 17
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