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Abstract 

Objective 

Comparisons between TEC based on observation and that of the IRI models over the Eastern 

Africa region, especially the region in the southern hemisphere are scarce. Therefore, the 

objective of this study was to validate the TEC obtained from the IRI-2012 model with the GPS 

derived TEC data recorded at four stations (Nairobi (1.22
o
S, 36.89

o
E), Malindi (2.99

o
S, 

40.19
o
E), Dodoma (6.19

o
S, 35.75

o
E) and Mtwara (10.26

o
S, 40.17

o
E)) over the Eastern Africa 

region (Figure 1).  

Methods 

GPS-derived TEC data has been obtained from the Africa array and IGS network of ground 

based dual-frequency GPS receivers within the Eastern Africa region available at UNAVCO 

website (http://www.unavco.org/).  

The slant TEC (TECs) was obtained from the equation;   212
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where P1 and P2 are pseudoranges observable on L1 and L2 signals, f1 and f2 are the 

corresponding high and low GPS frequency respectively. TECv is obtained from the TECs by 

use of a mapping function which takes the curvature of the Earth into account [6] as follows: 

  )( rxrs bbbTECseMTECv          (2) 

where bS is satellite bias, br is a receiver bias and brx is a receiver interchannel bias, 

M e( ) = 1-
cos e( )
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Here e is an elevation angle of a satellite, h is ionospheric shell height, and RE is the Earth's mean 

radius. 

Validation of IRI 2012 model has been carried out by comparing GPS TEC with the TEC 

obtained from IRI 2012 model for the years 2012 and 2013. A typical quite day of each month 

representing the four seasons (March equinox, June solstice, September equinox and December 

solstice) has been used in the analysis. The three options for topside electron density have been 

http://www.unavco.org/


2 
 

used to compute the TEC from IRI 2012 model. Correlation Coefficients between the two sets of 

data, the Root-Mean Square Errors (RMSE) of the IRI-TEC from the GPS-TEC, and the 

percentage RMSE of the IRI-TEC from the GPS-TEC have been computed using the following 

equations [5];  

𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =
  𝐺𝑃𝑆𝑖−𝐺𝑃𝑆      𝑖  𝐼𝑅𝐼𝑖−𝐼𝑅𝐼     𝑖 𝑖

  𝐺𝑃𝑆𝑖−𝐺𝑃𝑆      𝑖 
2   𝐺𝑃𝑆𝑖−𝐺𝑃𝑆      𝑖 

2
𝑖𝑖

     (4) 

𝑅𝑀𝑆𝐸 =    𝐺𝑃𝑆𝑖−𝐼𝑅𝐼𝑖 
2𝑖

𝑖=1

𝑛
         (5) 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝑀𝑆𝐸 =
𝑅𝑀𝑆𝐸

𝑅𝑀𝑆𝐺𝑃𝑆
× 100,    𝑤𝑕𝑒𝑟𝑒  𝑅𝑀𝑆𝐺𝑃𝑆 =  

  𝐺𝑃𝑆𝑖 
2𝑛

𝑖=1

𝑛
   (6) 

where GPSi are GPS-TEC data, iGPS  is their mean, IRIi  are IRI-TEC data, iIRI  is their mean, 

and n is the number of them. RMSGPS is the root-mean square value for the GPS-TEC data, and 

the subscripts ‘i’ denote numerical positions in the data, having integral values from 1 to n. 

Results 

The general structure of the diurnal variations curves from GPS TEC and from all the three 

topside Ne options of the IRI-2012 model are quite similar. Generally, IRI-2012 model with all 

three options overestimates the GPS-TEC for all seasons and at all stations, and IRI-2001 

overestimates GPS-TEC more compared with other options, except at few stations. In addition, 

during around 10:00 – 16:00 UT of September solstices of the year 2012, GPS TEC values are 

higher than IRI-Neq and IRI-01-corr at all stations, and they approximately match IRI-2001 TEC 

values. It was further observed that, GPS TEC values are higher than IRI-Neq and IRI-01-corr at 

Mtwara for the year 2012 during March equinox, and are approximately equal to the IRI-2001 

TEC values. On the other hand, IRI-Neq and IRI-01-corr were observed to have approximately 

equal values of TEC at all times and at all stations. Our results agree with the previous studies. 

Example; [4], [5].The disagreements of the GPS TEC values and those estimated by IRI 2012 

model is due to the relatively small amount of data from the region considered in developing the 

model [1]; [2]. GPS-TEC values and IRI-TEC values using all the three topside Ne options 

shows very good correlation (above 0.9), except during September equinox of the year 2012 at 

Malindi and Nairobi, during March equinox of the year 2013 at Dodoma and during September 

equinox for IRI-Neq option where the correlation coefficients are around 0.84 and 0.88 which 

are also good. The TEC using IRI-Neq and IRI-01- corr had small deviations from the GPS 

measured TEC compared to the IRI-2001 as it was also observed by [4] and [5]. Chakraborty [3] 

associated the largest discrepancy in TEC with a poor estimation of the hmF2 and foF2 from the 

coefficients. 

Conclusions  

In the present study we validated the TEC obtained from the IRI-2012 model during the year 

2012 – 2013 with the GPS derived TEC data recorded at Nairobi, Malindi, Dodoma and Mtwara 

located within Eastern Africa region. Our results showed that the general structure of the diurnal 

variations curves from GPS TEC and from all the three options of the IRI-2012 model is quite 

similar. Generally, IRI-2012 model with all three options overestimates the GPS-TEC for all 

seasons and at all stations, and IRI-2001 overestimates GPS-TEC more compared with other 

options, except for few stations. GPS-TEC values and IRI-TEC values using all the three topside 

Ne options shows very good correlation. The TEC using IRI-Neq and IRI-01- corr had small 

deviations from the GPS measured TEC compared to the IRI-2001. 
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Figure 1: The map view of Eastern Africa region showing 

the locations of the stations used 


