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ABSTRACT 

This paper presented a chronological evolution of GNSS ground infrastructure, capable of 
monitoring space weather over Africa. Ionospheric data gap is getting closed down in Africa 
with numerous interventions that have led to the densification of GNSS infrastructure over 
Africa. Contributions of programs such as International Heliophysical Year IHY, 
International Space Weather Initiative ISWI, International Center for Theoretical Physics-
Boston college GNSS ICTP-BC program, African Array and African Reference Frames 
AFREF are presented. Analysis of TEC derived from ground based GNSS observations 
offered corrective contributions to existing models. The paper highlighted the ongoing effort 
at stimulating National governments participation in densification of GNSS ground 
infrastructure capable of improving availability of GNSS derived TEC. National programs 
such as NigNET, SWONON, Ghana LAP, South African TRIGNET etc are discussed. The 
need for continuous deployment of ground based GNSS infrastructure is emphasized. 
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The United Nations – endorsed programs tagged International heliophysical Year IHY (2004-
2009) and International Space Weather Initiative ISWI (2009 – date) combined with some 
other initiatives to expose the data gaps in ionospheric measurements in Africa [1,2]. These 
programs facilitated deployment of GNSS receivers from which TEC could be estimated to 
Africa from interested donor groups. Other programs running concurrently with IHY/ISWI  
include African Reference Frames AFREF, National Reference Frames, International GNSS 
Service IGS, AfricaArray, International Center for Theoretical Physics and Boston College 
 ICTP-BC joint GNSS program among others. These programs have led to tremendous 
increase in the number of GNSS data points available for TEC derivation for ionospheric 
studies.  
   
Furthermore, national participation in densification of GNSS infrastructure is yielding 
positive result as some African nations already established national networks of CORS, 
although for mapping purposes, but usable for space weather studies. Figure 1 show the 



spatial variation of TEC derived from GPS ground observations over Nigeria using data from 
eleven stations whose coordinates are given in Table 1. Figure 2   
 

 
Figure 1. Spatial variation of TEC at 07:00 LT hr over Nigeria using NIGNET data. (Source: Eyelade, 2014) 

Table 1: The list of stations used and their respective geographical and geomagnetic coordinates 
ID Location Geo. Lat (ºN)  Geo. Lon (ºE) Mag. Lat (ºN) Mag. Lon (ºE) 
RUST 
CLBR 
FPNO 

Port-Harcourt 
Cross-River 
Imo 

4.80 
4.95 
5.43 

6.98 
8.35 
7.03 

-4.33 
-4.29 
-3.89 

78.76 
80.09 
78.85 

UNEC Enugu 6.42 7.50 -3.25 79.36 
ULAG 
GEMB 
OSGF 

Lagos 
Taraba 
FCT 

6.52 
6.92 
9.03 

3.40 
11.18 
7.49 

-3.03 
-3.00 
-1.51 

75.45 
82.94 
79.50 

FUTY 
CGGT 

Yola 
Bauchi 

9.35 
10.12 

12.50 
9.12 

-1.32 
-0.96 

84.31 
81.09 

ABUZ Kaduna 11.15 7.65 -0.13 79.75 
BKFP Kebbi 12.47 4.23 0.72 76.62 

 
Geo: Geographical co-ordinate; Mag: Geomagnetic co-ordinate; Lat: Latitude; Lon: Longitude 
 

 

Simulations of TEC obtained using data derived from ground based observation showed 
better representation with improving data assimilation as reflected in Figure 3. There is need 
to ensure appropriate data sharing policy among stakeholders as we densify the GNSS 
infrastructure over Africa.  
 
 



 
Figure 2. (left) The IRI simulations, (middle) the reconstructions based on all the available data, and (right) the reconstructions 
based on just the IGS data, at  For 17:00 UT on 3 December 2012. The GPS receiver sites used to make each set of 
reconstructions are shown in white. (Source: Figure 5b of Chartier et al, (2014); [3]) 
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first set of images is based on the simulated, regularly spaced
receiver network. These results provide an estimate of the up-
per limit of imaging accuracy achievable using the MIDAS
algorithm at a 4° grid resolution under ideal conditions. The
other two sets of images are created to determine the imaging
accuracy achievable using real GPS receiver networks. One
set of images was based on simulated observations at the
locations of the IGS receivers, while the other set was based
on all the available receivers. In each case, images were pro-
duced every 30 min throughout the test period.

3.1. Imaging Under Optimal Conditions
[18] Although insufficient observation coverage is likely to

be the primary source of error in ionospheric images, it is
possible that inherent properties of the imaging technique
also limit accuracy. The results presented in this section dem-
onstrate the performance of the imaging technique when

provided with high-density (8° spaced) and uniform GPS re-
ceiver coverage. One hundred receivers are used in total. An
example of the model truth and the image obtained from this
high-density simulated network is shown in Figure 2.
[19] Images such as the one in Figure 2 are produced at

30 min intervals over the period 2–16 December 2012. In or-
der to assess the errors of the images, differences between the
reconstructed images and the modeled truth are calculated
over the whole period. The root-mean-square (RMS) errors
of the images from the fictitious receiver network are shown
in Figure 3.
[20] The results in Figure 3 show that relatively small

errors can be achieved when a dense network of receivers
is available—errors range from 0 to 5 TECU (TEC unit,
1 TECU = 1016 el m!2) here. Errors are clearly highest at
the locations of the two bands of increased ionization created
by the Appleton anomaly (around 10°S–0° and 15°N–20°N).

Figure 5. (left) The IRI simulations, (middle) the reconstructions based on all the available data, and
(right) the reconstructions based on just the IGS data. (a) For 22:00 UT on 2 December 2012. (b) For
17:00 UT on 3 December 2012. (c) For 12:00 UT on 7 December 2012. The GPS receiver sites used to
make each set of reconstructions are shown in white.
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