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ABSTRACT 
 
This paper presents the regular variations of the Vertical Total Electron Content (VTEC) at station 
BF01 (Lat. = 12.3714 N and Long. = -1.5197 W) in Ouagadougou (Burkina Faso) located in the 
trough of the equatorial ionisation anomaly near the northern ridge of the West African zone. The 
period studied runs from 2013 to 2021. The VTEC is extracted from the raw Global Navigation 
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Satellite System - Continuously Operating Reference Station (GNSS-CORS) data recorded at 
station BF01 during the study period. The analysis of diurnal variations showed three types of 
profiles with a dominant profile being the Dome type. Generally speaking, the daily VTEC profiles 
show a minimum at dawn between 4:00 UT and 6:00 UT followed by a rapid increase from sunrise 
to a maximum around 15:00 UT, then a gradual decrease in the late afternoon and during the night 
to reach the minimum just before sunrise. On some days, a second nocturnal maximum is observed 
between 19:00 UT and 20:00 UT. Seasonal and annual variations revealed that for each year, the 
highest VTEC values are observed during the equinox, although with higher values at the March 
equinox. It was also found that the lowest VTEC values are recorded at the summer solstice in each 
year. The regular variations in the VTEC at station BF01 during the study period therefore highlight 
three anomalies: the semi-annual anomaly, the equinoctial asymmetry and the winter anomaly. 
Furthermore, the VTEC at station BF01 in Ouagadougou evolves in phase with the sunspot cycle. 
 

 
Keywords: GNSS-CORS; VTEC; regular variations; diurnal variations; seasonal variations; solar flux 

F10.7 
 

1. INTRODUCTION  
 
The ionosphere is the ionised part of the Earth's 
atmosphere that extends from 60 km to 1000 km 
above the Earth's surface. The main source of 
ionisation in the ionosphere is the photo-
ionisation of the Earth's atmosphere by solar 
radiation. The ionosphere is a plasma composed 
of neutral particles (molecules and atoms) and 
charged particles (electrons and ions). Free 
electrons in the ionosphere affect the 
propagation of signals emitted by the Global 
Navigation Satellite System (GNSS), by altering 
their speed and direction of travel [1-3]. The 
ionosphere is a major factor in GNSS positioning 
and navigation errors, and also affects the 
telecommunications quality of the waves passing 

through it. The magnitude of the effect is 
proportional to the Total Electron Content (TEC) 
[4]. The TEC represents the number of free 
electrons contained in a cylinder with a cross-
section of 1 m2 between the satellite and the 
ground receiver (Fig. 1). It is obtained by 
integrating the density of free electrons (Ne) in 
this same cylinder with a height equal to the slant 
distance between the receiver station R and the 
transmitting satellite S according to equation 
(Eq.1) [5].  
 

𝑇𝐸𝐶 = ∫ 𝑁𝑒. 𝑑𝑙
𝑆

𝑅
                               (Eq.1)  

 
TEC is measured in TECU units, 1 TECU being 
equal to 1016 electrons/m2. 

 

 
 

Fig. 1. Principle for calculating total ionospheric electron content [6] 
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The RINEX files derived from the GPS data 
provide the pseudo-distances P1 and P2 travelled 
respectively by the waves with frequencies 𝑓1 =
1575,42 𝑀𝐻𝑧 𝑒𝑡 𝑓2 = 1227,60 𝑀𝐻𝑧 emitted by the 
satellites to reach the receiver. The Total Slant 
Electron Content (STEC) is calculated using the 
relation (Eq.2) [7,8]. 
 

𝑆𝑇𝐸𝐶 =    
1

40,3
(

𝑓1
2.𝑓2

2

𝑓2
2−𝑓1

2) (𝑃1 − 𝑃2)     (Eq.2) 

 

The STEC is then converted to a vertical TEC 
(VTEC) by considering the ionosphere as a 
single layer concentrated on a spherical shell of 
infinitesimal thickness located at an altitude H 
above the Earth's surface [9-11,7]. Fig. 2 
illustrates this infinitesimal layer approximation at 
height H above the Earth's surface. The 
particular geographical position at height H will 
be noted as IPP, an acronym for ‘Ionospheric 
Pierce Point’. In this work, H is taken equal to 
450 km, above the traditional choice of 350 km to 
take into account the plasmasphere. STEC is 
transformed into VTEC using a translation 
coefficient (also known as MP for ‘Mapping 
Function’) as a function of the angle of elevation 
β according to the relationship (Eq.3). 
 

𝑉𝑇𝐸𝐶 = 𝑆𝑇𝐸𝐶 (√1 − (
𝑅𝑇

𝑅𝑇+𝐻
cos 𝛽)

2

)

−1

        (Eq.3) 

RT = 6371,2 km is the average radius of the            
Earth. 
 
Ionospheric variations are generally classified 
into two categories: regular variations and 
irregular variations [13]. Regular variations occur 
according to the Earth's rotation and the phases 
of the solar cycle. These are diurnal, seasonal 
and annual variations. Irregular variations are 
mainly the result of solar activity. 
 
Diurnal ionospheric variations are due to the 
Earth's 24-hour rotation. There is a maximum in 
the daytime sector, particularly a few hours after 
local noon. At night, even in the absence of 
incident solar radiation, a weaker but not zero 
ionisation, caused by chemical reactions and 
horizontal and vertical movements, is present 
[14]. 
 
Seasonal ionospheric variations occur due to the 
tilt of the Earth's rotational axis and the Earth's 
revolution around the Sun. Over the course of a 
year, this tilt makes the Earth either leaning 
towards the Sun, leaning away from the Sun or 
at an intermediate position between the two. The 
relative position of the Sun changes from one 
hemisphere to the other, creating seasons. Three 
mechanisms are generally invoked to explain the  

 

 
 

Fig. 2. Geometric condition for converting slant TEC into vertical  
TEC in a thin-film hypothesis for the ionosphere [12] 
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difference in the behaviour of ionospheric in 
different seasons of the year: the axial 
mechanism [15-17], the equinoctial mechanism 
[18,19,16] and the Russell-McPherron 
mechanism [20].  
 
At low latitudes, the most important ionospheric 
phenomenon is the equatorial ionisation anomaly 
(EIA) [21,22]. The EIA is formed as a result of the 
diurnal variation of the zonal electric field, which 
primarily points eastward during the day and 
reverses at night. With the horizontal northward 
geomagnetic field at equatorial latitudes, the 
ionospheric plasma is lifted upward by vertical 

E⃗⃗ × B⃗⃗  drift [23]. Once the plasma is transported to 
higher altitudes, it diffuses downward along the 
geomagnetic field lines into both hemispheres 
due to gravitational and pressure gradient forces 
[24,25]: this is the ‘equatorial fountain’ 
phenomenon. This equatorial fountain 
phenomenon creates the EIA, consisting of a 
density trough at the equator and two                     
ionisation peaks at latitudes 15° North and 15° 
South [26].  
 
Numerous studies [27-29,21] have been carried 
out in Africa’s equatorial regions to understand 
ionospheric phenomena and their variability. For 
most of these studies, the data used come from 
ionosondes or ionospheric models. Further 
studies using other types of data are therefore 
needed to continue the analysis of ionospheric 
variations in equatorial Africa. In this work, we 
propose to study regular ionospheric variations 
using VTEC values.  These values are extracted 
from GNSS-CORS data recorded at station BF01 
(Lat. = 12.3714 N and Long. = -1.5197 W) in 
Ouagadougou over the period 2013 to 2021. The 
aim of this work is to contribute to a better 
understanding of the regular ionospheric 
variations in the equatorial region of West Africa. 
Details of the station and data, the methodology 
used and the results obtained are further 
discussed in the following sections. 
 

2. DATA  
 
In this study, the VTEC was determined by using 
raw satellite data recorded between 2013 and 
2021 at the dual-frequency GPS station BF01 
(Lat. = 12.3714 N and Long. = -1.5197 W) of 
Ouagadougou in Burkina Faso. The BF01 GPS 
station is one of the thirteen permanent stations 
in the GNSS-CORS network of the Geographic 
Institute of Burkina Faso (IGB) 
(https://www.igb.bf/?page_id=47). Fig. 3 shows a 
map of Africa with the geographical positions of 

station BF01, the magnetic equator and the 
boundaries of the EIA. Fig. 4 shows a map of 
Burkina Faso with the geographical locations of 
the 13 receiving stations in the CORS-Burkina 
network. 
 

The raw data were obtained from the IGB. 
Measurements taken solely by the GPS system 
are archived in hourly binary files with a 1s 
interval. To extract the VTEC, the raw binary 
satellite data from station BF01,                       
underwent several preliminary processing 
operations. In a previous publication [30], we 
explained the process of extracting the VTEC 
from the raw GNSS-CORS data from the BF01 
station. 
 

The geomagnetic activity data used in                         
this document are the daily geomagnetic                     
indicesa a downloaded from 
https://isgi.unistra.fr/indices_aa.php. These aa 
indices were used to determine the most 
magnetically quiet days. 
 

We used the annual average of the new version 
of the sunspot number (SN) to determine the 
different phases of the solar cycle. The daily 
solar radio flux at 2800 MHz from Ottawa (F10.7) 
is used to study the variation of the VTEC as a 
function of solar activity. The solar index SN and 
F10.7 data are downloaded from the NASA 
OMNIWeb website: https://omniweb.gsfc. 
nasa.gov/form/dx1.html.  
 

3. METHODOLOGY 
  

Our methodology indicates the process used to 
process the VTEC and to determine the seasons, 
the quietest day of the year and the different 
phases of a solar cycle. 
 

3.1 VTEC Processing 
 

The measurements are recorded in universal 
time (UT). To highlight and analyse regular 
ionospheric variations, we first calculated the 
monthly and seasonal median VTEC values and 
produced graphs showing the monthly and 
seasonal VTEC profiles. Secondly, we produced 
simple 2D graphical representations of daily 
VTEC values to observe daily variations. Finally, 
a third type of figure is obtained by plotting the 
average monthly VTEC values from 2013 to 
2021 and superimposing the variation in the 
F10.7 cm solar flux index. This graph shows how 
the monthly VTEC varies from year to year, and 
also how the monthly median VTEC changes 
with solar  activity. 
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3.2 Determination of Seasons 
 
In order to study seasonal variations in VTEC, 
each year was divided into seasons. Following 
the methods of Kelley [21,31,32], the seasons 
considered are the March-April equinox, the 
September-October equinox, the summer 
solstice (May, June, July and August) and the 
winter solstice (November, December, January 
and February).  
 

3.3 Determination of Solar Cycle Phases 
 
The phases of the solar cycle were determined 
by applying the criteria defined by Sawadogo et 
al. [33] on the values of the annual averages of 
the new version of the sunspot number (SN) 

data. According to these authors, a solar cycle is 
subdivided into four phases defined as follows:  
 

• minimum phase: 𝑆𝑁(𝑡)  <  0,122. 𝑆𝑁𝑚𝑎𝑥  ;   

• ascending phase: 0,122. 𝑆𝑁𝑚𝑎𝑥 ≤ 𝑆𝑁(𝑡) ≤
 0,73. 𝑆𝑁𝑚𝑎𝑥 ; 

• maximum phase: 𝑆𝑁(𝑡)  >  0,73. 𝑆𝑁𝑚𝑎𝑥 and  

• descending phase: 0,73. 𝑆𝑁𝑚𝑎𝑥 ≥  𝑆𝑁(𝑡)  >
 𝑆𝑁𝑚𝑖𝑛(𝑛𝑒𝑥𝑡 𝑐𝑦𝑐𝑙𝑒). 

 
𝑆𝑁(𝑡), 𝑆𝑁𝑚𝑎𝑥 𝑒𝑡 𝑆𝑁𝑚𝑖𝑛  are respectively the 
annual mean value of sunspot numbers in a 
given year, the maximum value of sunspot 
numbers in a given solar cycle and the minimum 
value of sunspot numbers in the next solar cycle. 
Table 1 gives an overview of the solar cycles and 
phases for the period 2013 - 2021. 

 
Table 1. Distribution of years by solar phase 

 

Cycles Cycle 24 Cycle 25 

Phases Ascending  Maximum  Descending  Minimum  Minimum  

Années 2013 2014 2015-2016-2017 2018-2019 2020-2021 

 

 
 

Fig. 3. Map of Africa with location of BF01 station 
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Table 2. Quietest days of each year with the highest and lowest VTEC values and their corresponding times 
 

Date 05/10/13 19/01/14 20/06/15 21/10/16 14/02/17 21/05/18 19/04/19 30/04/20 05/05/21 

VTEC tecu 53,06 49,58 42,39 33,44 28,65 20,60 25,96 25,92 26,90 
 Max Time 15 :52 13 :52 14 :52 15 :07 15 :22 14 :52 12 :37 16 :37 13 :04 
VTEC tecu 9,57 3,95 6,15 3,18 3,86 3,37 4,69 4,07 4,20 
 Min Time 04 :52 05 :37 04 :52 05 :22 4 :22 4 :22 5 :22 3 :37 4 :37 

 

 
 

Fig. 4. Map of the network of 13 GNSS-CORS receiving stations in Burkina Faso (www.bfcors.net) 
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Fig. 5. Variation in the monthly VTEC at station BF01 and solar flux F10.7 from  
2013 to 2021
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3.4 Determination of Quiet Days 
 
Quiet days were determined on the basis of the 
criterion for determining days of geomagnetic 
activity developed by Ouattara et al. [34]. 
According to this criterion, days of calm                       
activity correspond to days on which the daily 
mean values of the aa index (Aa) are such that 
Aa < 20 nT. The other days corresponding to               
Aa ≥ 20 nT are days of disturbed activity.                          
We first determined the quietest day of                       
each month (day with the lowest value of Aa). If 
the lowest values of Aa are equal on several 
days, we look for the average of aa over 48 
hours before and after each of these days. The 
quietest day is one where the average values of 
aa over 48 hours before and after that day are 
the lowest. So we have 12 quiet days for each 
year. We then looked for the quietest day among 
the 12 quiet days selected for each year by 
applying the same criterion. For the period 2013 
to 2021, we have therefore selected 9 quiet days. 
Table 2 summarises the 9 quiet days selected                              
over the study period. The table also contains the 
highest and lowest VTEC values and                               
the times at which these values are recorded for 
each day. 
 

4. RESULTS AND DISCUSSION 
 
4.1 Variation of VTEC with the Solar 

Cycle  
 
Fig. 5 shows the variation in average monthly 
VTEC values (in grey) for all the months of each 
year from 2013 to 2021, with the variation in the 
F10.7 cm solar flux index (in red) superimposed 
and scaled on the right. 
 
We observe in Fig. 5 a general increasing trend 
in VTEC from 2013 to 2014 with a maximum 
peak of 90 TECU reached in 2014. During the 
same period, F10.7 flux values increase and 
reach a maximum of 165 sfu in 2014. Between 
2014 and 2019, the maximum monthly VTEC 
values decrease fairly rapidly, reaching a 
minimum of 20 TECU at the end of 2019. This 
general downward trend can also be seen in the 
variation in the F10.7 solar index over the period 
2015-2017, which corresponds to the downward 
phase of cycle 24 (see Table 1). The figure 
clearly shows that the low values of the VTEC 
and the F10.7 flux are observed                              
between 2018 and 2020. From 2020 onwards, 
VTEC max and F10.7 values rise slightly 
together again.  

 

In general, over the period studied, variations in 
VTEC and F10.7 solar flux follow the same trend. 
We can clearly see the peak in VTEC in the 
years 2014/2015 and the minima in VTEC in the 
years 2018-2019, corresponding respectively to 
the maximum and minimum of solar cycle 24. 
The maximum monthly VTEC values calculated 
at station BF01 therefore vary according to the 
phases of the solar cycle, with an ascending 
phase, a descending phase, a maximum and a 
minimum. 

 
This variability in the VTEC according to the solar 
cycle is more or less predictable because the 
intensity of solar UV radiation varies according to 
solar activity [28]. It is highest at solar maximum 
and lowest at solar minimum. This UV solar 
radiation causes photo-ionisation, which 
produces electrons and consequently increases 
the electron density, and hence the VTEC. Our 
results are in line with previous work [35,36] 
studied the variation of the TEC at the level of 
the African equatorial anomaly region during the 
period from 2009 to 2016 of solar cycle 24. They 
show that the TEC increases each year from 
solar minimum to solar maximum. More recently, 
[37] report that the TEC increases progressively 
from the solar minimum (Nov. 2008-2010) and 
throughout the ascending solar phase (2011-
2013) until the solar maximum (2014-2015) when 
it reaches its maximum and gradually decreases 
from 2015-2016 corresponding to the descending 
phase of solar cycle 24.  

 

4.2 Annual and Seasonal Variations in 
VTEC  

 
Fig. 6 shows a 2D graph of daily variations in 
VTEC for each year. The VTEC is represented 
by a colour, the scale of which is shown on the 
right of the figure. The x-axis is the day, with only 
the first day of the month indicated by the month 
number, and the y-axis is the UT time. Unfilled 
areas (white background) reflect missing data for 
these periods. This representation makes it 
possible to visualise diurnal and seasonal 
variations in VTEC and to follow its evolution 
from one year to the other. 
 
The graphs in Fig. 7 show the temporal 
variations in average seasonal VTEC values for 
the four seasons for each year of the period 
studied (2013 to 2021). This figure shows a 
variation in the amplitude of the seasonal 
average VTEC values from one year to the next. 
Fig. 6 provides a good overview of the changes 
in VTEC over the different seasonal periods. It 
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clearly shows that in all years, night-time values 
are lower than daytime values, with peaks 
between 12:00 UT and 16:00 UT. We note that 
there is a difference in the behavior of VTEC 
depending on the years and seasons. The year 
2014 (maximum in cycle 24) records the highest 
VTEC values (sometimes reaching 100 TECU). 
Fig. 7 also shows a difference between the 
VTEC values of the different seasons during the 
period studied. In general, Fig. 6 and 7 show that 
over the entire study period, the VTEC values of 
the equinoxes are higher than those of the 
solstices, and the lowest values are observed 
during the summer solstices. The March 
equinoxes record higher VTEC values than the 
autumn equinoxes. VTEC values therefore vary 
from one equinox to the next and from one 
solstice to the other. The figures therefore reveal 
three types of anomalies in the seasonal 
variation in VTEC at station BF01 during the 
study period: (1) the semi-annual anomaly, 
where VTEC values are higher at the equinoxes 
than at the solstices [38]. (2) the equinoctial 
asymmetry, where the VTEC peaks are different 
from one equinox to the next [39]. In our case, 
the peaks at the March equinox are higher than 
those at the September equinox. (3) the last is 
the winter or ‘seasonal’ anomaly, where the 
VTEC values in winter are higher than those in 
summer [40]. The various anomalies observed 
were much more pronounced in 2014 than in 
other years. This could be explained by the fact 
that 2014 is a year of maximum solar activity in a 

solar cycle. Between 2016 and 2021 (period of 
lowest solar activity), the various anomalies 
seem to decrease in intensity or even disappear. 
The evolution of the amplitude of the various 
anomalies would therefore depend on the solar 
activity cycle. 
 
Similar results were obtained by other previous 
studies [41,31,42,43], which have invoked the 
axial mechanism, the equinoctial mechanism and 
the Russell-McPherron mechanism to explain the 
various anomalies observed [21,42] attributed 
the existence of the equinoctial asymmetry 
between the March and September equinoxes to 
the variation in solar wind speeds, atmospheric 
temperature, thermospheric composition and 
density, and the oxygen-nitrogen (O/N2) ratio in 
the atmosphere from one equinox to the other. 
Their study showed that the O/N2 ratio and the 
neutral temperature are greater at one equinox 
than at the other. This could also explain the 
existence of the equinoctial asymmetry observed 
in the present study. For Vassal [44], the O/N2 
ratio increases during the equinoxes leading to a 
greater electron density and, consequently, 
ionisation should be more developed during the 
equinoxes than during the solstices. This could 
be at the origin of the semi-annual anomaly 
observed at station BF01. This anomaly could be 
explained by the fact that during the equinoctial 
months, the sun is above the equator and the 
temperature at the equator is higher than at the 
pole. 

 

 
 

Fig. 6. Seasonal VTEC evolution in 2D at station BF01 for the years 2013 to 2021 
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Fig. 7. Seasonal variation in VTEC according to the time of day (UT) at station BF01 for the 
years 2013 to 2021 

 

 
 

Fig. 8. Daily variation of VTEC in January 2013 at station BF01 
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4.3 Diurnal Variation in VTEC  
 
Fig. 8 shows the daily variations in VTEC over 
one month (January 2013) taken as a test over 
the study period. This figure shows the daily 
diurnal variation over a month and allows visual 
observation of all the daily VTEC profiles. A 24-
hour cyclical variation can be seen, 
corresponding to the Earth's rotation. The night-
time minima are all below 10 TECU. The maxima 
show a sinusoid with a maximum around 10-14 
January and the lowest values at the end of the 
month. This period of 27/30 days could be linked 
to the Sun's rotation period. 

 
To better see and identify the daily                           
variability of VTEC, we have retained the 
magnetically quietest day during                              
each year (see paragraph 3.4). The daily 
variation of each of the 9 quiet days selected is                              
then lotted in Fig. 9. This figure clearly                          
shows the evolution of VTEC hour by                             
hour for each day and permits to draw a general 
trend.  

 
All the profiles show that the VTEC has a 
minimum around 5:00 UT and increases rapidly 
from 06:00 UT to reach a maximum around 
15:00 UT. Between 16:00 UT and 20:00 UT, the 
VTEC decreases rapidly. This decrease 
continues, but slowly, between 20:00 UT and 

06:00 UT (during the night) to reach a minimum 
around 05:00 UT, before sunrise. However, the 
minimum and maximum values occur at different 
times, as shown in Table 2. The VTEC daily 
variation profiles are essentially of three types: 
bell-shaped curves representing a single peak 
(dome-type profile), plateau-shaped curves and 
curves with two maximum peaks. Dome curves 
are the most dominant. According to Vassal 
[45,46], who described the physics of the 
different shapes of the EIA VTEC curves in the 
African sector, and according to Ouattara [47], 
these different shapes of curves reflect the 
presence or absence of electric currents in the 
equatorial ionosphere (equatorial electrojet and 
equatorial counter-electrojet), with reference to 
the daily variation in electric current under calm 
weather conditions. Dome-type profiles 
characterise an absence of equatorial electrojet 
(e.g. on 19/01/20214), while the ‘plateau’ profile 
reveals the presence of a weak electrojet (e.g. on 
14/02/2017) and the profile with the two peaks 
reflects the presence of a strong electrojet (e.g. 
on 30/04/2020) [48-49] who conducted studies 
on the diurnal behaviour of NmF2, using the 
databases of several solar cycles respectively in 
Ouagadougou/Burkina Faso and Phu 
Thuy/Vietnam on the northern ridge of the 
equatorial fountain in Vietnam have shown that 
near the magnetic equator we find the shape 

 

 
 

Fig. 9. Daily variation in VTEC as a function of TU at station BF01 for 9 selected quiet days in 
the period 2013 to 2021 
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of the two peaks, and at the ridge we find the bell 
shape. The geographical location of station BF01 
(in the trough of the EIA and near the northern 
peak) could explain our results: the presence of 
curve shapes with a predominance of the bell 
shape [49]. 
 
On certain days (e.g. 05/10/13; 21/10                          
/2016 in Fig. 9), the diurnal evolution of the 
VTEC at station BF01 shows a peculiarity with a 
slight rise in the VTEC after 20:00 UT, leading to 
a slight peak around 21:00 UT. This peak after 
sunset is generated by the Pre-Reversal 
Enhancement (PRE), which creates a strong 

vertical                             drift in 𝐸⃗ x𝐵⃗  . Previous 
work [41,31] done in the equatorial region also 
observed this peak after sunset and concluded 
that PRE generates                            a brief 
increase in electron density at the F2 layer just 
after sunset between 18:00 UT and                     
21:00 UT. 
 
In general, the VTEC values reach a                       
minimum before dawn, increasing steadily from 
sunrise to reach a maximum around 15:00 UT. 
They then decrease progressively after                        
sunset to reach a minimum just before sunrise. 
Our results are in agreement with previous                 
work in the African equatorial region by authors 
such as [35,41,21] who estimated that these 
diurnal variations in the VTEC are characteristic 
of the low-latitude ionosphere during quiet                   
periods. The addition of the VTEC morphology at 
station BF01 confirms the previous                          
results.  
 
This observed diurnal profile of the VTEC 
confirms the continuity equation [1] which 
governs the formation of the ionosphere. At 
sunrise, the production term, i.e. the creation of 
free electrons under the action of EUV, UV and 
X-ray radiation, is immediate and rapid. As the 
VTEC is directly linked to the density of electrons 
in the ionospheric plasma, it begins to increase, 
reaching its maximum in the afternoon. After 
sunset, the production term disappears and the 
loss rate becomes dominant. [35] have also 
suggested that diurnal VTEC behaviour is 
caused by changes in the magnetic field tube. 
The total magnetic field tube is very small at 
equatorial and low latitudes, the electron content 
of the field tubes decreases rapidly after sunset 
in response to the low temperature of the 
thermosphere during the night. After sunrise, the 
magnetic field tubes fill up again rapidly because 
of their small volume, leading to a sharp increase 

in ionisation. This could explain the diurnal 
behaviour of the VTEC observed at station BF01. 

 
5. CONCLUSION  
 

This study focuses on the regular variations from 
2013 to 2021 of the VTEC extracted from GNSS-
CORS data from station BF01 (Lat. = 12.3714 N 
and Long. = -1.5197 W) in Ouagadougou, 
Burkina Faso. The results show that the 
morphologies of the daily variation of the VTEC 
studied are of three types (bell-shaped curves 
(dome), plateau-shaped curves and curves with 
two maximum peaks) with a predominance of 
dome-shaped profiles. The VTEC was found to 
have a minimum around 05:00 UT and to 
increase rapidly from 06:00 UT to reach a 
maximum around 15:00 UT. Between 16:00 UT 
and 20:00 UT, there is a real decrease in the 
VTEC. This decrease continues but more slowly 
between 20:00 UT and 06:00 UT to reach a 
minimum around 05:00 UT, before sunrise. 
Diurnal maxima vary from one day to the other, 
and also according to the season and the 
different years. The present study also revealed 
on some days the presence of a second VTEC 
peak after 20:00 UT, which is an indicator of the 
‘Pre-Reversal Enhancement’ phenomenon. The 
annual and seasonal studies revealed three 
types of anomalies: the seasonal anomaly; the 
equinoctial asymmetry and the winter anomaly. 
The highest values are observed at the March 
equinoxes and the lowest values at the summer 
solstices. It has also been shown that variations 
in the VTEC at station BF01 occur according to 
the solar activity and follow the same phases as 
the solar cycle. 
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