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Outline of presentation

• Equatorial ionosphere
• Sq 
• Equatorial Electrojet
• Estimation of EEJ
• Some results/observations
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Magnetic Equator
• Magnetic (dip) equator is defined as the locus of zero dip along 

the surface of the earth (Cohen, 1967)

• Its latitude varies along the geographical longitudes 
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• In the neighbourhood of magnetic equator, there is an unusual 
orientation of the magnetic field with relation to the Earth

• Charged particles move more readily along magnetic field lines

• Migration  of charged particles along geomagnetic field lines is 
associated with a two-humped latitudinal distribution  of electron 
density, with minimum at the magnetic equator

Magnetic Equator

Africa has the broadest inland range of magnetic equator over it



3 major regions of the 
global ionosphere

• high-latitude    ± 60° - 90°

• mid- latitude    ± 20° - 60°

• equatorial         ± 0 - 20°
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(Bishop and Rossow. 1991).
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Magnetic latitudes



Equatorial Region 1
• characterized with the highest values of the peak-electron 

density with the most pronounced amplitude and phase 
scintillation effects

• The combined effect of the high radiation level from the sun, & 
the electric and the magnetic fields of the earth results in the 
electrons rising and moving along the horizontal lines of the 
magnetic field, forces ionization up into the F layer, concentrating 
at ± 20 ° from the magnetic equator this phenomenon is called 
the fountain effect. 

• The electrons move as far as the geomagnetic latitudes of 10 to 
20° causing the high concentration of electrons there which are 
often termed equatorial anomalies (Komjathy, 1997).
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Equatorial Region 2
• The worldwide solar-driven wind results in the so-called Sq 

(daily solar quiet) current system in the E region of the 
Earth's ionosphere (100–130 km altitude)

• Resulting from this current is an electrostatic field directed 
E-W (dawn-dusk) in the equatorial day side of the 
ionosphere

• At the magnetic dip equator, where the geomagnetic field 
is horizontal, this electric field results in an enhanced 
eastward current flow within ± 3° of the magnetic equator, 
known as the equatorial electrojet 
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Equatorial Ionosphere

• E layer – Equatorial electrojet 
• F layer – Equatorial anomaly, Spread F.
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Temporal Variation of Geomagnetic Field
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Sq & EEJ
• solar quiet daily Sq currents is a 

worldwide ionospheric currents 
responsible for Sq variation in the 
Earth’s magnetic field. 

• Sq center is located at about 118 
km and has a focus in each of the 
hemispheres (Onwumechili, 
1997). 

• In a narrow region around the dip 
equator, the H component of Sq 
field becomes very large and 
positive 
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The enhancement of Sq at YAP, 
DAV and LAW on 8th April 2008 
due to electrojet effect  (After 

Rabiu et al, 2009a)



Sq & EEJ
• This sudden enhancement, first 

observed at Huancayo in 1922, has 
been attributed to a narrow intense 
ionospheric current which flow 
eastwards within the narrow strip ±
3° flanking the dip equator (Egedal, 
1947, and others)

• This unique equatorial ionospheric 
current was later, in May 1951, 
named by Sydney Chapman ‘the 
Equatorial electrojet’ in his 
presidential address to the Physical 
Society of London.
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The enhancement of Sq at YAP, 
DAV and LKW on 8th April 2008 
due to electrojet effect  (After 

Rabiu et al, 2009a)



Counter electrojet CEJ
• On occasion, at quiet 

periods during certain 
hours of the day, 
particularly in the 
morning and evening 
hours,

• the EEJ reverses direction 
and flows westwards 
giving rise to the so-called 
‘counter electrojet (CEJ)’ 
phenomenon 
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A typical diurnal variation of the equatorial 
electrojet (EEJ) on 2 March 2009 at Addis 
Ababa showing CEJ – morning and afternoon

(Gouin, 1962; Gouin & Mayaud, 
1967).

Rabiu, et al., 2017



Equatorial Electrojet
• The E (dynamo) region of the equatorial ionosphere consists of 2 

layers of currents responsible for the quiet solar daily variations 
in Earth’s magnetic field: 

• Worldwide solar quiet daily variation, WSq (altitude 118 ± 7 km), 
responsible for the global quiet daily variation observed in the 
earth’s magnetic field. 

• Equatorial electrojet, EEJ - an intense current flowing eastward in
the low latitude ionosphere within the narrow region, ± 30,
flanking the dip equator (altitude 106 ± 2 km) (Chapman, 1951,
Onwumechili, 1992)

• Enhanced (Cowling) conductivity associated with the special
equatorial magnetic field configuration results in the strong
daytime EEJ currents
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Equatorial Electrojet
• The equatorial electrojet (EEJ) flows as an enhanced eastward 

current in the daytime E region ionosphere between 100 and 
120 km height at the Earth’s magnetic equator. 

• The flowing currents in the ionosphere induce magnetic 
perturbations on the ground.
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Equatorial Electrojet
• The ionospheric current system is a result of a dynamo action of the 

horizontal wind system and the electrical conductivity of the ionosphere 
in the presence of the electrons and ions.

• The EEJ causes the large daily variations of the Horizontal component of 
magnetic field intensity recorded by ground magnetometers near the 
magnetic equator

• the concentration of  ionospheric current near the magnetic equator is a 
result of the high value of electrical  conductivity of the upper 
atmosphere at the dip equator, which arises from an inhibition of hall 
current due to the horizontal configuration of the Earth`s magnetic field 
and the horizontal stratification of the ionosphere
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Manifestations of EEJ
• Spatial structures of its intense current density
• configurations & regular temporal variations of its current 

system
• magnetic fields of its current system
• the ionospheric plasma density irregularities generated by the 

turbulent flow of the EEJ current
• the electric fields and ionospheric plasma drifts in the dip 

equatorial zone
• the quiet counter equatorial electrojet CEJ
• temporal variabilities of the above phenomenon.
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Geomagnetic elements

• Field either specify by (X,Y,Z) or (H, D, Z)
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Geomagnetic field variations 

• Spatial  (over space)
– Latitudinal
– Longitudinal

• Temporal (over time)
– Secular
– Transient

Eastern Africa GNSS & Space Weather Capacity Building Workshop Advanced School/Workshop, 
21 - 25 June 2021, online



19

Spatial Variations

Bello 2011Owolabi, 2012

Owolabi, 2012
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Spatial and Seasonal variation of Sq(H) along 
the African low latitudes

• Sq (H) is greater in all seasons in the neighbourhood of dip equator
• Obviously due to EEJ effect
• Max effect at Autumn (Sept) Equinox
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Equivalent 
currents

Source: NASA/GSFC & the Danish Space Research Institute (DSRI).
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Dip equatorSouth

North

Electrojet in ionosphere

300 km

300 km

Geometry of measurement of EEJ as observed on ground

Spatial variation of  EEJ
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Satellite view of  EEJ has two side lobes with maximum 
turning points and a minimum turning point between

Spatial variation of  EEJ contd
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Left: magnetic field 
residuals. The CHAMP 
residuals are of higher 
quality and also 
stronger due to
CHAMP’s lower 
altitude. 

Right: EEJ signal after 
inverting magnetic 
data..

Alken & Mauss, 2007
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(Rabiu et al, 2006)

IGRF model of The Earth’s 
magnetic field at 400 km 

altitude due to the 
ionosopheric current systems. 

The equatorial 
intensification of the 

magnetic field is due to 
EEJ.
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Estimating EEJ strength

• difference between the horizontal 
components of magnetic perturbation (H) at 
magnetometers near the equator and 
outside the edge of the electrojet strip, ΔH

• provides us an indicator of the strength of 
the EEJ.
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e.g. Onwumechili, 1967; 1997
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Estimating EEJ

• Baseline values

• midnight departures

• Correction for non-cyclic variation

• Sq

• EEJ

27Eastern Africa GNSS & Space Weather Capacity Building Workshop Advanced School/Workshop, 
21 - 25 June 2021, online



28

daily baseline value
• The concept of local time (LT) is preferred
• Consider time series data in hours as Ht (t= 1, 2, 3, …… 24)
• The daily baseline value is defined as the average of the 4 hours 

flanking local midnight (23, 24, 1, 2, hours). 

28
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=

(H1, H2, H23 & H24 are the hourly values of H at 01, 02, 23 & 24 hours LT 
respectively. 
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Hourly departure

• The hourly departures of H from midnight baseline is 
obtained  by subtracting the midnight baseline values for 
a particular day from the hourly values for that particular 
day. 

• Thus for `t' hour LT:

Δ Ht = Ht - H0 (3)

where t = 1 to 24 hrs.

29

Rabiu et al., 2007

Eastern Africa GNSS & Space Weather Capacity Building Workshop Advanced School/Workshop, 
21 - 25 June 2021, online



30

corrected for non-cyclic variation

• The hourly departure is further corrected for non-cyclic variation, a 
phenomenon in which the value at 01 LT is different from the value at 
24 LT, after Vestine (1967) and Rabiu (2000)

• done by making linear adjustment in the daily hourly values of ΔH  
• A way of doing this is to consider the hourly departures Δ H at 01 LT, 02 

LT, 24 LT as V1, V2…….V24

• Take

23
241 VV

c
-

=D

Rabiu et al., 2007
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The Sq
• the linearly adjusted values at these hours are:

• V1 + 0Δc; V2 + 1Δc; V3 + 2Δc . . . . V23 + 22Δc; V24 + 23Δc      
(6)

i.e.     St(V) = Vt + (t -1) Δc (7)

• where t is the local time ranging from 01 to 24.

• The hourly departures corrected for non-cyclic variation gives the solar 
daily variation in H. Sq(H) denote the solar quiet daily variation in H

Rabiu et al., 2007
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Variability of equatorial ionosphere inferred from geomagnetic field measurements 609

UT, the LT is 1.00 p.m. The baseline is defined as the average of the 4 hours flanking
local midnight (23, 24, 1, 2, hours). The daily baseline values for the elements used in
this research are:

H0 =
H23 + H24 + H1 + H2

4
(1)

Z0 =
Z23 + Z24 + Z1 + Z2

4
. (2)

Both H0 and Z0 were corrected to the nearest whole number, where (H1, Z1), (H2, Z2),
(H23, Z23) and (H24, Z24) are the hourly values of H and Z at 01, 02, 23 and 24 hours
LT respectively.

The hourly departures, of H and Z from midnight baseline, (∆H, ∆Z) were obtained
by subtracting the midnight baseline values for a particular day from the hourly values
for that particular day. Thus for ‘t’ hour LT:

∆Ht = Ht − H0 (3)

∆Zt = Zt − Z0 (4)

where t = 1 to 24 hrs.

The hourly departure is further corrected for non-cyclic variation, a phenomenon in
which the value at 01 LT is different from the value at 24 LT, after Vestine (1967) and
Rabiu (2000). This is done by making linear adjustment in the daily hourly values of
(∆H, ∆Z). A way of doing this is to consider the hourly departures (∆H, ∆Z) at 01 LT,
02 LT, 24 LT as V1, V2, . . .V24, and take

∆c =
V1 − V24

23
(5)

the linearly adjusted values at these hours are:

V1 + 0∆c, V2 + 1∆c, V3 + 2∆c . . . V23 + 22∆c, V24 + 23∆c (6)

In other words:
St(V ) = Vt + (t − 1)∆c (7)

where t is the local time ranging from 01 to 24.

The hourly departures corrected for non-cyclic variation gives the solar daily variation
in H and Z. Sq(H) and Sq(Z) denote the solar quiet daily variation in H and Z respectively;
while Sd(H) and Sd(Z) denote the solar disturbance daily variation in horizontal intensity
and vertical intensity respectively. A set of hourly profiles of Sq(H), Sq(Z), Sd(H) and
Sd(Z) was obtained for the 60 quiet and 60 disturbed days of the year 1970.

Rabiu et al., 2007
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Estimating EEJ strength
• Consider Observation point E 

within EEJ strip, &

• Observation point X outside the 
EEJ strip

• E is under EEJ + Sq

• X is only under Sq

• EEJ @ E = SqE – Sqx

33

The pair of stations must be along, or very close to, the 
same meridian.

N

S
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Alternatively:
Estimating EEJ strength

• Consider Observation points: E 
within EEJ strip, & 

X outside the EEJ strip

• Hdiff = HE – Hx

• Hdiff is then treated for non-cyclic 
variation to obtain EEJ strength at E; 
HEEJ

34

The pair of stations must be along, or very close to, the 
same meridian.

N

S
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Coordinates of the Stations

OBS GMLat◦ GLong
◦ E

GLat◦

ILR -1.82 4.67 8.50◦N

LAG 3.43 3.42◦N

AAB 0.18 38.77 9.04◦N

NAB 36.80 1.16◦S

Axis A

West

Axis B

East
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Enhanced Sq at EEJ stations is due to EEJ field
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Station Code Geog. Dip latitude
Lat. °N  long °E (°N)     

Muntinlupa MUT 14.4 121.02 6.79

Yap Island YAP 9.5 138.08 1.70
Davao DAV 7.0 125.40 -0.65

Langkawi LKW 6.3 99.78 -1.88

EEJ along 210° Meridian
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Typical EEJ Model Evaluation
Onwumechili (1966a, b, c; 1967) presented a two dimensional 

empirical model of the continuous current distribution 
responsible for EEJ as:
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A Schematic 
diagram of EEJ 
current sheet
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Derivable EEJ parameters
qpeak intensity of the forward current at its centre Jo A/km;
qpeak intensity of the return current, Jm A/km; 
qratio of the peak return to the peak forward current intensity Jm/Jo; 
qtotal forward current flowing between the current foci   Ifwd kA; 
qhalf of the latitudinal width or the focal distance from the current centre,  

w ;
qdistance of the peak return current location from the current centre,    xm;
qhalf thickness of the peak current density, p ;
qlatitudinal extent of the current from its centre, L1º; 
qdip latitude of the electrojet centre xo º.
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Diurnal variations s of the landmark distances of EEJ parameters over India
Rabiu, et al. 2013
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Diurnal variations of the landmark measures of the of EEJ current over India.
Rabiu, et al. 2013
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EEJ along 210 MM
(Rabiu et al, 2009)
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(Rabiu et al, 2009)EEJ along 210 MM
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Comparison of EEJ at 210 MM with Indian & Brazil sectors

Jo Jm Jm/Jo Ifwd

Dip 
latitude 
of EEJ 
center

210 MM 112.13 -33.80 -0.299 32.67 -0.192
Indian 
Sector 62.97 -19.48 -0.312 19.01 -0.190

Brazil 148.00 -43.70 -0.290 67.00 -0.189

For 210° MM : Rabiu et al: (2009);
Brazil Sector: Rigoti et al, (1999);
Indian Sector: Rabiu et al (2013)
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East-West Asymmetry in the African 
Equatorial Ionosphere

• Rabiu et al., (2011) for the first 
time clearly revealed that the 
western African EEJ appears 
weaker than eastern EEJ 

• This discrepancy suggests that 
there is a process of re- injection 
of energy in the jet as it flows 
eastward

• This West-East Asymmetrical 
behavior in the EEJ strength in 
the African sector is further 
confirmed by Rabiu et al  (2015) 
and Yizengaw et al., (2014) using 
data set from another set of 
array of magnetometers 
(AMBER).

A. B. Rabiu, et al.  Ionosphere over Africa: Results from Geomagnetic Field Measurements During International Heliophysical Year IHY 
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Contour maps showing local time variation of Sq(H) and 
Sq(D) across the geomagnetic latitudes are shown in 
Figures 2 and 3 respectively. Figure 4 shows the 
latitudinal variation of the noon-time Sq (H) across the 
stations. 

 

TABLE 1. Coordinates of the Stations along 96° Magnetic 
Meridian 

Station 
Geographical 

Latitude (°) 
Geomagnetic 

Latitude (°) 

AAB 9.04 0.18 

NAB -1.16 -10.65 

ASW 23.59 15.2 

DES -6.47 -16.26 

DRB -29.49 -39.21 

FYM 29.18 16.1 

HER -34.34 -42.29 

KRT 15.33 5.69 

LSK -15.25 -26.06 

MPT -25.58 -35.98 

Equatorial electrojet along African longitudes 
Two pairs of stations were engaged in studying the 

electrojet along the African longitudes. It is widely 
approved that in order to estimate the strength of the 
intensity of equatorial electrojet in nanotesla, two 
stations along very close longitudes are always selected; 
such that one lies within the electrojet strip while the 
other is outside (for examples [3], [4], [15], [17], [18]).  So 
for this aspect of study, the MAGDAS stations engaged 
are illustrated in Figure 1 and coordinates shown in 
Table 2.  

ILR and AAB are stations within electrojet strip while 
LAG and NAB are outside the electrojet strip. Sq(H) in 
the four stations were estimated as explained in section 
2.1; EEJ were evaluated by subtracting Sq at the outside 
EEJ stations from the one under the EEJ influence. ILR-

LAG pair constitutes the western axis pair, while AAB-
NAB pair the eastern axis pair. For example the EEJ 
effect at ILR was obtained by subtracting the Sq at LAG 
from Sq at ILR at any time.  The distance of separation 
¨L between the two axes is 3744.585 km (33.735q).  Fig 5 
shows the diurnal variations of Sq at ILR, LAG, AAB, and 
NAB, as well as the EEJ at ILR and AAB. Figure 6 plots the 
EEJ at ILR, the station on the western axis, against that of 
ADD on the eastern axis.  
 

 

 

 

Fig. 2. Latitudinal and diurnal variation of Sq (H)

Axis A

West

Axis B

East

 
Fig. 1. Map of Africa showing stations along 96° Magnetic 

Meridian and equatorial chain 

 

Fig. 3. Latitudinal and diurnal variation of Sq (D) 

Sun and Geosphere, 2011; 6(2): 63 - 66                                                                                                                                   ISSN 1819-0839 
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TABLE 2. Coordinates of the Stations for EEJ studies 

Stations Geomagnetic 
Latitude (Ő) 

Geographic 
Longitude  
(ŐE) 

Geographic 
Latitude (Ő) 

Ilorin ILR 
-1.82 4.67 8.50ŐN 

Lagos 
LAG  3.43 3.42ŐN 

Adiss 
Ababa 
AAB 

0.18 38.77 9.04ŐN 

Nairobi 
NAB  36.80 1.16ŐS 

 
The measure of variance in the EEJ strength with 

respect to the distance of separation of the two axes is 
defined as EEJ gradient and obtained from equation (1) 
as follows: 

L
gradientEEJ AABILR EEJEEJ

'

�
                  (1) 

The EEJ gradient was obtained at each minute and 
its diurnal variation is illustrated in Figure 7.  

Discussion of Results 
Figure 2 clearly show that there is diurnal variation of 

Sq (H) and Sq (D) along 96°MM across the latitudes. 
Generally, for both H and D, daytime Sq is greater than 
night time. Sq in H maximizes in daytime at about local 
noon; this is obviously due to ionospheric augmentation 
by solar activity in consistency with atmospheric 
dynamo theory [15,19]. 

Sq H is expectedly consistently maximum within the 
electrojet zone as a result of equatorial electrojet EEJ 
phenomena. Sq H at about local noon, when the sun is 
vertically overhead and solar activity is maximum on 
any day at any location, as shown in Figure 4 has one 
outstanding peak almost at magnetic equator. 
Enhanced Cowling conductivity along the dip equator 
has been described as a major cause of the EEJ [17, 18, 
20]. 

At about local noon Sq in D has strongest focus at 
below 0° geomagnetic latitude. It is noted that, unlike 
Sq in H, Sq in D doesn’t maintain a consistent maximum 
along at local noon across the latitudes. Rather there is 
variability in the period of maxima with latitudes.   
Interestingly maxima values of Sq D migrate with 
latitudes along the 96 MM and attain maximum values 
the following latitudes with respective solar regimes:  15ȱ 
(sunrise), -2.5ȱ (noon time) and -25ȱ (sunset). It is clear 
that declination follow the rotation of the earth with Sun.  
Figure 5 clearly shows an enhancement in Sq field at ILR 
and AAD as against the values at LAG and NAB. This is 
obviously due to EEJ field at along the EEJ strip. Rabiu 
and Nagarajan [21] has confirmed that the width of the 
electrojet is about 3q on either side of the magnetic 
equator in the Indian sector. ILR (geomagnetic latitude -
1.82) and AAD (geomagnetic latitude -0.18) are within 
the equatorial electrojet strip while LAG and NAB are 
outside the EEJ influence. The equatorial intensification 
of the magnetic field is due to equatorial electrojet.  

 

 

 

 

 
Fig. 4. Latitudinal variation of the noon-time Sq (H) across the 

stations 

Fig. 5. Diurnal variations of Sq and EEJ. (Right panel shows the 
Sq at ILR and LAG as well as EEJ at ILR. Left panel shows 
the Sq at AAB, and NAB, as well as the EEJ at AAB). 

 
Fig. 6. Diurnal variation of EEJ at  ILR (EEJ West) and ADD (EEJ 

East).

Fig. 7. Diurnal variation of EEJ gradient 

E. Yizengaw et al.: The longitudinal variability of equatorial electrojet and vertical drift velocity 235

Fig. 4. (Left panel) shows 4-year (2010–2013) average statistical local time as a function of day of the year plots of EEJ, and (left panels)
indicates the corresponding vertical drift velocity. From top to bottom, different panels represent different longitudinal sectors which are
given at the right side of each panel.

and drift at different longitudes, in which magnetometers on-
board the LEO satellite, like CHAMP, are not able to monitor
due to the limited local time coverage at fixed longitudes. An-
other important benefit of the continuous ground-based ob-
servations is that they provide a comprehensive overview of
not only the longitudinal but also diurnal and temporal vari-
ability of the EEJ and E ⇥ B drift distribution as shown in
Fig. 4. Although the magnitudes are different, EEJ and verti-
cal drifts in all longitudinal sectors show consistent seasonal
variation with peaks during equinox and weaker during June
solstice which is consistent with earlier observations (e.g.,
Fejer and Scherliess, 2001). Both the magnetometer mea-
surements (see Figs. 3–4) and IVM observation (see Fig. 5)
show stronger EEJ strength andE⇥B drift in the west Amer-
ican and weaker in the East African longitudinal sectors, with
the exception that the magnetometer data are weaker in the
West African sector (this could be due to lack of continu-
ous data coverage in the West African sector mentioned in
Sect. 3). The general longitudinal distribution trend is con-
sistent with earlier satellite observations (e.g., Luhr et al.,
2004) and model estimation (e.g., Doumouya et al., 2003).
Luhr et al. (2004), using magnetometer data onboard the

CHAMP satellite, reported a detailed picture of the longi-
tudinal variability of EEJ, but only for noon local time, and
found stronger EEJ strength in the west American (around
60�W) and Indonesian (around 100� E) sectors and an ab-
solute minimum in the East African (around 40� E) region.
Similarly, Doumouya et al. (2003), using an empirical model
of EEJ, which was constructed based on the magnetometer
data from 26 stations located at six different longitudes, re-
ported stronger and weaker EEJ in South America (with a
maximum between 80� and 100�W) and in India (between
75� and 100� E), respectively.
Our two independent observations, as well as earlier mod-

eling and satellite measurements of EEJ (e.g., Doumouya
et al., 2003; Luhr et al., 2004), consistently show weaker
dayside vertical drift or EEJ in the African sector compared
with the American sector. The dusk sector vertical drift (see
Fig. 5), observed by IVM instrument onboard the C/NOFS,
also shows a similar trend, i.e., weaker in the African than
American sectors. In contrast to these results, ionospheric
irregularities, which are associated to the magnitude and
direction of vertical E ⇥ B drifts and thus the enhance-
ment of Rayleigh–Taylor instability (RTI) growth rates, that
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Figure 1. Variation of the equatorial electrojet (EEJ) among the stations.

Figure 2. Variation of the maximum EEJ attained in any location
with longitude.

1.22� and LAG is just at the edge of the EEJ strip. However,
lack of adequate station pairs in this longitude sector makes
the LAG–ILR choice unavoidable in the present analysis. It
is hoped that this would be corrected in future work. Further-
more, Fig. 3 illustrates the variability of the amplitude of the
maximum CEJ strength in the morning and afternoon from
one station to another.

Longitudinal inequality of EEJ, which is well displayed in
Figs. 1 and 2, underscores the effects of local winds in driv-
ing the EEJ according to Stening (1985, 1995). Doumouya
et al. (1998, 2003), Jadhav et al. (2002), Rabiu et al. (2011),
and Alken and Maus (2007), among others, had reported lon-
gitudinal variation of EEJ using different data sources and
discussed the longitudinal inequality in terms of dynamics
of migratory tides, propagating diurnal tide, and meridional
winds. Jadhav et al. (2002) attributed the longitudinal in-
equality found in EEJ strength to non-migratory tides us-
ing Ørsted satellite magnetic field data. Luhr et al. (2004)
engaged CHAMP satellite data and deduced that the longi-
tude dependence of the EEJ intensity can be explained by
varying cross-sectional area of the Cowling channel. Lühr et
al. (2008) discussed the influence of non-migrating tides on

Figure 3. Variation of the maximum CEJ strength attained at any
location with longitude.

the longitudinal variation of the EEJ by using the climatolog-
ical model of EEJ derived earlier from Ørsted, CHAMP, and
SAC-C satellite measurements by Alken and Maus (2007).
Firstly Rabiu et al. (2011) and later Yizengaw et al. (2014)
showed that EEJ strength is higher in eastern Africa than
western Africa, with about 30� longitudinal difference. The
longitudinal inequality in the maximum strength of the CEJ
either in the morning or afternoon across the stations, as
displayed in Fig. 3, is a reflection of the longitudinal de-
pendence of the EEJ. South American stations at Huancayo
recorded the maximum CEJ strength just as it is known for its
strong EEJ. The longitudinal variability in the strength of the
EEJ obtained from our ground-based results here confirmed
the reproducibility of the satellite-based results from other
sources.

3.2 Occurrence of CEJ

Figures 4 and 5 presented the % occurrence of MCEJ and %
occurrence of afternoon CEJ in different months along dif-
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Figure 4. Percentage occurrence of morning CEJ.

Figure 5. Percentage occurrence of afternoon CEJ.

ferent longitudes. Figure 6 shows the annual % occurrence of
MCEJ and ACEJ at all locations. Outstandingly clear in all
the figures is the greater % of occurrence of the CEJ at the
African stations of ILR and ADD than elsewhere. The great-
est % occurrence of MCEJ was found at the eastern African
station of ADD, while the greatest % occurrence of afternoon
CEJ was found at the western African station of ILR. ADD
recorded 100 % of days with MCEJ for almost all the days of
availability of data, except in the months of June, November,
and December. Meanwhile, ILR in western Africa registered
100 % occurrence of Afternoon CEJ in all the months of Jan-
uary, April, July, August, October and November. Figure 4
supported the fact that CEJ occurrence is more predominant
in the African sector than other sectors considered in this
work. In the overall analysis, the station with the strongest
electrojet strength was found to have the least occurrence of
the CEJ. It has often been reported by Onwumechili (1997),
and some other authors, that the CEJ rarely occur during pe-
riods when the EEJ is strong. It may be right to assert that
activities that support strong EEJ do inhibit occurrence of
the CEJ.

The seasonal dependence of occurrence of the CEJ is pre-
sented in Figs. 7 and 8, where it is clear that percentage of
occurrence of the CEJ varies with seasons across the stations.

Figure 6. Yearly percentage of occurrence of the CEJ.

The order of seasonal variation of morning occurrence does
not tally with the evening occurrence order at any station. For
instance, there are equinoctial maxima at the two equinoxes
when considering morning CEJ at Huancayo and Addis
Ababa. These maxima have equal values at the two stations:
100 % at Addis and 75 % at Huancayo. No other stations had
these double equinoctial maxima. However, Ilorin has March
equinoctial maxima and recorded minimum morning occur-
rence of the CEJ at the September equinox. LKW, DAV, and
YAP all recorded minimum morning occurrence at the March

Ann. Geophys., 35, 535–545, 2017 www.ann-geophys.net/35/535/2017/
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ü the African stations registered the 
greatest % of occurrence of the 
CEJ than elsewhere

ü The greatest % occurrence of 
MCEJ was found at Addis Ababa 
(eastern Africa)

ü the greatest % occurrence of 
afternoon CEJ was found at Ilorin 
(western Africa).
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NigerBEAR
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• Bowen University, Iwo Nigeria

• 1st of its kind in low latitudes

• enhancement of research  capability 
• new science results that could improve our understanding of 

the equatorial ionosphere and space weather

• multi-technique approach to study the ionosphere

Equivalent of SuperDARN
in low latitude

Eastern Africa GNSS & Space Weather Capacity Building Workshop Advanced School/Workshop, 
21 - 25 June 2021, online Global  Ionospheric research infrastructure
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International Colloquium on Equatorial and 
Low-Latitude Ionosphere

September 13-17, 2021, Bowen University, Iwo, Nigeria 

https://carnasrda.com/icelli/

• previous contributions to knowledge achieved through the use of HF Radars
• contemporary and on-going research on application of HF Radar measurements
for ionospheric studies,
• future trends for HF Radar applications in ionospheric & space weather research
• introductory discussions on HF Radars,
• equatorial ionosphere, equatorial electrojet, equatorial ionospheric anomaly,
• geomagnetic disturbances, GICs, solar-terrestrial relations,
• stratospheric warming
• space weather,
• theory and modeling of ionospheric scintillation and irregularities, etc.

HF Radars as viable equipment for ionospheric studies. 

Hybrid meeting
Eastern Africa GNSS & Space Weather Capacity Building Workshop Advanced School/Workshop, 
21 - 25 June 2021, online
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