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Abstract 
Total electron content (TEC) and GNSS positioning error over two Nigeria GNSS stations (CLBR: 
Latitude; 4.9503°E, Longitude; 8.3514°N, FUTY: Latitude; 9.3497°E, Longitude; 12.4978°N) were 
studied during the geomagnetic storms of March 17, 2015 minimum Dst (Disturbed storm time) -
223nT and that of March 17, 2013 minimum Dst of -132nT (the St. Patrick’s Day intervals); TEC 
was estimated using GPS Gopi TEC analysis software over the two stations during the storms 
period and the selected international quiet day used as reference. Understanding TEC variation in 
the equatorial ionosphere during geomagnetic storm will enable adequate prediction of GNSS 
positioning accuracy and correction over the region. Variation and enhancement of TEC were 
observed during the storms. The positioning error and TEC were higher at CLBR than at FUTY 
during the March 17, 2015 storm that could be as a result of latitudinal variation. The result will be 
useful for satellite based navigational systems. 
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1. Introduction 
The equatorial ionosphere has remarkable 
processes such as equatorial electrojet, 
equatorial spread F and the ionization 
anomaly that make the dynamism of the 
ionosphere in that region an interesting 
subject to ionospheric physicists.  
The response of the Ionosphere to the 
geomagnetic storm is important in the 
understanding of trans- ionospheric signal 
delay. The group delay of Global Navigation 
Satellite Systems (GNSS) is as a result of the 
variation in the local Total Electron Content 
(TEC). TEC has been a very important 
parameter for the studying and understanding 
GNSS positioning accuracy (Stankov et al., 
2010). Much has been revealed about TEC 
behaviour both in the mid and high latitude 
ionosphere as reported by several authors 
(Stankov et al., 2010; Afraimovich et al., 
2002; Buonsanto, 1999; Li et al., 2012).  
Ionospheric impact on satellite navigation 
and communication is the major source of 
positioning error (Comberiate et al., 2012) 
since TEC is the number of electrons in a 
column of 1m2 cross section from the height 
of global positioning system (GPS) satellite 
at approximately 20,000 km to the receiver 
on the ground. 
Several authors have attempted to study TEC 
behaviour in this region during both periods 

of high and low solar activity (Moreno et al., 
2011; Bolaji et al., 2011; Adewale et al., 
2013; D’ujanga et al., 2013; Olawepo et al., 
2015, Chakraborty et al., 2015).  
This study reports TEC during two 
geomagnetic storms that occur at the same 
period for different years and the positioning 
error associated with the storms over two 
GNSS stations situated in Nigeria (situated 
within the region of an equatorial ionospheric 
anomaly) in the equatorial region of African 
sector (see Figure 1) for the first time. The 
equatorial ionosphere is strongly influenced 
by the electromagnetic field occasioned by 
the horizontally aligned geomagnetic field 
over the equatorial region. 
Thorough knowledge of storm time 
behaviour of TEC as it affects GNSS signal 
is our utmost desire. 
The ionospheric delay is related to the TEC 
along the propagation path (Klobuchar, 1997; 
Jakowski et al., 2012). Ionospheric delay is 
due to the refraction and dispersion of GNSS 
signal. As it travels through the ionosphere, 
the refractive group index of the ionosphere 
is greater than one (i.e. >1), which implies 
that the group velocity of the radio wave is 
less than the speed of light in a vacuum. If 
the refractive index of the ionosphere is less 
than one, the phase velocity of the radio 
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TEC due to other parameters involved in the 
equatorial ionosphere electrodynamics and 
perturbations. FUTY station has lesser 
position error during the storm and lesser 
TEC enhancement, which may be a signature 
of latitudinal variation in total electron 
content.  
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