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Introduction 
• The ionosphere is a complex physical system that exhibit 

different features like diurnal, seasonal and spatial 
variability 

• The low-latitude ionosphere is highly dynamic due to 
various processes like equatorial ionization anomaly 
(EIA), Equatorial Electrojet (EEJ), and equatorial spread-F 
(ESF) irregularities 

• In order to understand the physics that controls the 
dynamics of the ionosphere, several ionospheric models 
have been developed during the last several decades 
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Intro………… 
• Empirical models are among the types of ionospheric 

models that have been developed  
• They give an average behavior of the ionosphere based 

on observational data 
• Example: 

NeQuick model  
International Reference Ionosphere (IRI) model 
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Intro……….. 
• The IRI model is based on experimental evidence 

using all available ground and space data sources 
• It is continually upgraded as new data and new 

modeling approaches become available, and this 
process has resulted in several major editions of IRI 

 
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 over the 
Eastern Africa region. 
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Methodology 

• GPS-derived TEC data 
for 2012-2013 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/ ).  8/4/2016 IBSS-2016,  27th  June – 2nd  July, 2016; ICTP, Trieste, Italy 6 
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Method………. 
• The slant TEC was obtained from the equation 
 

 
    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 as;  
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Method………. 
• where bs is satellite bias, br is a receiver bias, brx is a 

receiver interchannel bias and  
 
 

 
 

•  Here e is an elevation angle of a satellite, h is 
ionospheric shell height, and RE is the Earth's mean 
radius   
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Method………. 
• 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 used to compute the TEC from IRI 2012 model  

• The IRI model is routinely updated and the latest 
available version is the IRI-2012, which is accessible 
from the IRI homepage (http://IRI.gsfc.nasa.gov) 
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Method………. 
• Correlation Coefficients between the two sets of 

data, the Root-Mean Square Errors (RMSE) and the 
percentage RMSE of the IRI-TEC from the GPS-TEC 
have been computed using the following equations; 
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Method………. 
  

 
 
 

 
 
 
 
     
     Where 
 
    
     where GPSi are GPS-TEC data,          is their mean, IRIi are 

IRI-TEC data,         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.  

                                                  

8/4/2016 IBSS-2016,  27th  June – 2nd  July, 2016; ICTP, Trieste, Italy 11 

100×=
GPSRMS

RMSEPRMSE

( )

n

GPS
RMS

n

i
i

GPS

∑
== 1

2

iGPS
iIRI



Results 
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• 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, the Eastern Africa region 

 
• Bilitza and Reinisch (2008); “the scarcity of 

ionospheric data over the African Equatorial region is 
a factor that contributes to the diminished accuracies 
of the IRI predictions over this region” 
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Correlation coefficients 
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Root mean square error 
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Percentage root mean square error 
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The largest discrepancy in TEC can be associated with a poor estimation of the 
hmF2 and foF2 from the coefficients 



Summary 
• The general structure of the diurnal variations curves 

from GPS TEC and from all the three options of the 
IRI-2012 model are quite similar 

• Generally, IRI-2012 model with all three options 
overestimates the GPS-TEC 

• IRI-2001 overestimates GPS-TEC more compared with 
other options at most of the stations 

• GPS-TEC values and IRI-TEC values using all the 
three topside Ne options show very good correlation 

• 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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    THANK YOU 
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