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Abstract 
 

The African equatorial ionosphere has shown unique ionosphere electron density irregularity structure 
(Hei, et al., 2005) ; however, this region ionosphere is not yet well investigated due to lack of multiple 
ground-based ionospheric monitoring instruments. But, as a result of IHY initiative, which was launched in 
2007, some facilities are being deployed since then. Therefore, recently deployed SCINDA-GPS receiver 
(2.640 N dip angle) TEC and amplitude scintillation index (S4) data and two magnetometers, which are 
deployed on and off the magnetic equator, data collected in the March equinoctial months of the years 
2011, 2012, and 2015 have been used for this study in conjunction with geomagnetic storm data obtained 
from ACE satellite. We have investigated the triggering mechanisms for ionospheric irregularities that 
resulted strong S4 index using Equatorial Electrojet (EEJ), y-component of Interplanetary Electric Field 
(IEFy), Dst index, and Interplanetary Magnetic Field (IMF) Bz on five selected storm days. Magnitude and 
direction of EEJ and IEFy are found to be very good indicators for the formation of post-sunset irregularities 
that resulted strong S4 .  We have also investigated, may be for the first time, the time rate of change of Bz 
(i.e. electric field produced by Faraday's Induction law) nicely correlate with strong post-sunset 
scintillation. Moreover, discussions about the likely causes for the occurrence of ionospheric scintillation 
have  been presented in this paper. 
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Introduction 
 
Since the  ionospheric  of the east African sector is relatively least studied.   The aim of this study is to  
investigate the effect of geomagnetic storm and equatorial electrojet  on equatorial ionospheric  
irregularities over geomagnetic equatorial region (Bahir Dar (geographic lat 11.6, lon 37.38, geomagnetic 
lat 2.64, lon 109.00)).  Using the patterns of equatorial  electrojet,  interplanetary electric field (IEFy), Dst 
index and IMF (Bz) component during  geomagnetic storm times, we tried to investigate the relation of this 
parameters in triggering or inhibiting the post-sunset plasma irregularities at geomagnetic equatorial 
region. 
 
Method 
 
A one minute averaged magnetometer data from the two stations, GPS-SCINDA data and solar wind Vx and 
Bz are used for this study. Since post-sunset scintillation phenomena is strong in Bahir Dar station during 
March equinox season as reported by Ephrem and Tsegaye (2015), geomagnetic storms that occurred 
during this season are selected to see their effects on scintillation. The magnitude and direction of EEJ will 
be very important to see the effect of a storm on the post-sunset hours in Bahir Dar station because the 
station is inside the EEJ zone. 



 
Result and discussion 
 
A moderate geomagnetic storm occurred on April 5, 2012 (see figure below) with Dst minimum equal to  -
54nT at 8:00 UT (11:00 LT). As reported by Ephrem and Tsegaye (2015) maximum scintillation  occurred 
on April month in 2012 at this station. Therefore the storm occurred on this month will be very important 
to investigate its effect on ionospheric scintillation and on the formation of nighttime irregularities.  Strong 
scintillation has been observed on the initial (left panels) and recovery (right panels) phases of this storm. 
But, on the main phase (middle panels) the scintillation is inhibited.  
 
On the initial phase, the EEJ is smooth and strong, The dDst/dt is nearly smooth for long time from 6:00 UT 
to 18:00 UT. The Bz showed relatively strong and rapid fluctuation between 18 and 21 UT. In the mean 
time, IEF has shown eastward direction that can uplift the F2-layer. The scintillation observed on initial 
phase might be due to the combined effect of both IEF and dBz/dt. Also we can see that the nighttime 
scintillation is seen but suddenly the scintillation pattern disappeared from 20:00 UT up to midnight. This 
might happen because IEF was westward and dBz/dt was also relatively smooth just after about 21 UT.  
 

Figure   A graph that shows the effect of April 5, 2012 geomagnetic storm on ionospheric scintillation  
 
On the main phase of the storm (April 5, 2012) the EEJ is strongly westward throughout the daytime and 
fluctuating. Bz is also highly fluctuating for long time in the southward direction and also on the northward 



direction. The IEF was westward between 0 and 12 UT but then after it was eastward (middle bottom 
panels). The scintillation observation on this day (April 5) has shown very weak values; which might be 
accounted by the dominant effect of westward EEJ over the eastward IEF , dDst/dt and Bz .  
 
On the recovery phase (April 6, 2012) strong scintillation in the evening time has been detected. This might 
be as a result of the combination effect of eastward directed strong EEJ (> 100nT) and eastward directed 
IEFy that can enhance the strength of EEJ observed on that day. 
 
Conclusion 
 
In this study, post sunset irregularity mechanisms of the East Africa equatorial ionosphere during five 
selected storm days have been investigated. This has been done by analyzing ground (GPS and 
magnetometer) and space based data such as horizontal component of geomagnetic field, TEC, S4, solar 
wind speed, Dst, and z-component of IMF. From this study the following conclusions have been drawn.  
 

• The rapid time variation of the z-component of IMF (dBz /dt) during evening hours can cause post-
sunset ionospheric irregularity that can produce strong scintillation.  

• A westward EEJ and IEF during the daytime and pre-reversal enhancement (PRE) hours is found to 
inhibit the post-sunset scintillation, otherwise they enhance scintillation.  

• The combination of EEJ, IEFy, dDst/dt and dBz /dt is found to be a very good indicator for predicting 
the occurrence of post-sunset scintillation.  

• The good results obtained in this study indicates that it is useful to include the time rate of Bz as one 
of the variables that can be used to model storm time equatorial ionospheric scintillations 
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