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Abstract 
In this paper, we studied the seasonal behavior of the total electron content 
(TEC) during a part of solar cycle 24 ascending, maximum and decreasing 
phases at Koudougou station (Latitude: 12˚15'09"N Longitude: 2˚21'45"W). 
Response of TEC to solar recurrent events is presented. The highest values of 
the TEC in 2014, 2015 and 2016 were recorded on March and October, while 
in 2013 they were recorded on April and November, corresponding to equi-
nox months. This observation shows that TEC values at the equinoxes are 
higher than those of solstices. Moreover, the monthly TEC varies in phase 
with the sunspots number showing a linear dependence of the TEC on solar 
activity. The ionospheric electron contents are generally very low both before 
noon and during the night, but quite high at noon and after noon. This pat-
tern of TEC variation is due to the fluctuation of incident solar radiation on 
the Earth’s equatorial ionosphere. During quiet periods, the number of free 
electrons generated is lower than that generated during recurrent periods, 
which shows a positive contribution of recurrent activity to the level of the 
TEC. Investigations have also highlighted a winter anomaly and equinoctial 
asymmetry in TEC behavior at Koudougou station. 
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1. Introduction 

The ionosphere is the part of the atmosphere that is highly ionized and includes 
ions and free electrons in sufficient numbers to affect radio signals. It is a very 
unpredictable layer and is characterized by the existence of intense irregularities 
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associated with the variabilities of solar activity. Many studies have examined the 
dynamic of the ionosphere and its characteristics at all latitudes during different 
phases of the solar cycle under disturbed and quiet conditions. Some of them 
have highlighted the fact that the variability depends on the level of Sun agita-
tion, the season and the geomagnetic activity [1]-[6]. The seasonal variations of 
the Total Electron Content in the regions of equatorial anomalies are the com-
bined effects of the neutral transequatorial, sub-solar and towards the equator 
[7] [8]. These variations are characterized by a maximum around noon or after-
noon and a minimum at night and early in the morning [9]. Accurate under-
standing and modeling of these variations are extremely important for applica-
tions and for society, for example for GNSS positioning, satellite communication 
infrastructures and Earth observation by remote sensing techniques. [10] by 
analyzing the variabilities of the total electronic content (TEC) at the Niamey 
station during solar cycle 23 showed that ionization follows the solar cycle and 
presents a semi-annual variation with equinoctial asymmetry. Moreover, they 
found that the maximum density of March/April is greater than that of Septem-
ber/October except during the years 1999 and 2001. [3], through a comparative 
study between GPS TEC observed in African station and an American station 
equatorial region during the minimum and ascending phases of solar cycle 24, 
have reported that the seasonal VTEC values were maximum during the March 
equinox and minimum during the June solstice during the minimum phase of 
the solar cycle at both stations. They have also reported that during the ascend-
ing phase of solar cycle 24, seasonal minimum and maximum VTEC values were 
recorded during the December Solstice and June Solstice respectively. [11] stu-
died the variability of TEC on the crest of the equatorial anomaly station in 
Bhopal (India) during the solar activity period (2005-2006) using GPS and ob-
served a greater variability of the TEC on quiet days compared to disturbed days. 
This study is interested in the recurrent effects of solar activity on the TEC and 
the morphological behavior of the diurnal, monthly and annual TEC during the 
ascending, maximum and descending phase of the solar cycle 24. Section 2 con-
cerns materials and methods and Section 3 deals with results and discussion. 
Section 4 lists the conclusions of the paper. 

2. Data and Methods 

The TEC data used in this study are obtained from Koudougou station (Geo Lat: 
12˚15'09"N; Geo Long: 2˚21'45"W). The data covers the years 2013 to 2016. 
These data allowed us to make a comparative study of the monthly and annual 
diurnal variations of the TEC during four years (2013, 2014, 2015, and 216). For 
the study of the influence of the seasons on the TEC parameter, we defined sea-
son as followed: Winter (December, January, February), Spring (March, April, 
May), Summer (June, July, August) and Autumn (September, October, Novem-
ber). To discuss possible seasonal anomalies, we will make a comparative study 
of the diurnal variations of the TEC at the equinoxes (spring-autumn) and at the 
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solstices (summer-winter). The intensity of the anomalies will be studied using 
the parameters TEC_solstice∆  and TEC_equinox∆  defined as follows: 

 summer winter

summer

TEC TEC
TEC_solstices 100

TEC
−

∆ = ×            (1) 

spring automn

spring

TEC TEC
TEC_equinox 100

TEC
−

∆ = ×            (2) 

In order to study the influence of solar activity and recurring activity on the 
TEC, sunspot number data was extracted from http://www.sidc.be/silso/ and 
those of the index were taken from the site: http://isgi.unistra.fr/. We will com-
pare the seasonal diurnal variations of the TEC under recurrent activity with 
those of quiet activity during the years concerned by our study. For this, we will 
use the ∆TEC calculated as follows:   

recurrent quietTEC TEC TEC∆ = −                   (3) 

in order to evaluate any increase or decrease in the TEC (of the recurring period 
compared to the quiet period) and its variation depending on the seasons. Days 
of recurrent and quiet solar activity are chosen using the criteria of [12] de-
scribed by the pixel diagram [13] [14]. Figure 1 shows an example of a pixel di-
agram. Each horizontal line contains 27 days corresponding to a Bartels solar 
rotation. The number in each square is the average daily value of the aa index. 
Quiet activity corresponds to days when Aa < 20 nT (white and blue colors in 
Figure 1); the recurrent activity corresponds to the days when Aa ≥ 40 nT on at 
least one solar rotation without magnetic storm. 

3. Results and Discussions 
3.1. Annual Variations of the TEC 

Figure 2 shows the diurnal variations of the TEC during the years 2013 (in 
blue), 2014 (in red), 2015 (in black) and 2016 (in green). This figure shows that 
the diurnal variation of the TEC is higher during the day than at night for all 
years. It is a well-known fact that during the day the sun causes variations in  
 

 
Figure 1. Pixel diagram showing quiet and recurrent solar activity. 
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Figure 2. Annual diurnal variations of TEC during years 2013, 2014, 2015 and 2016. 
 
temperature, neutral wind, electron density and electric field, thus modulating 
the structure and evolution of the ionosphere and the thermosphere [8] [15] 
[16]. The TEC values decrease between 00:00 LT and 05:00 LT where it reaches 
its minimum (9 TECU in 2013 and 2015; 10 TECU in 2014 and 6 TECU in 
2016). This highlights the preponderance of recombination phenomena. From 
05:00 LT, the TEC values increase and reach their maximum between 14:00 UT 
and 16:00 UT. [17] [18] [19] [20]; attributed the large increase in TEC to the 
upward vertical drift of the ExB plasma and the rapid filling of the magnetic field 
tube at sunrise due to solar extreme ultraviolet (EUV) radiation. During the day, 
an eastward electric field at the equator causes plasma to be lifted to high alti-
tudes. This dynamo-generated eastward electric field combined with the north-
ward directed geomagnetic field lifts the ionospheric plasma, causing further io-
nization [8] [18] [20]. [21] further mentioned that vertical ExB drift upwards 
could lead to Equatorial Ionization Anomaly (EIA). After 18:00 LT, the curves 
show a decreasing trend until 23:00 LT. This illustrates a gradual decline in 
photo-ionization and an increase in recombination processes. Similar analyzes 
were made by [8] [22] [23] [24] [25]. 

Moreover, we notice that the values of the TEC in 2014 are higher than the 
values of the TEC of the other years. This behavior of the TEC is correlated with 
sunspots numbers as shown in Figure 3 where a comparison between the varia-
tions of sunspots numbers and the TEC is presented, showing an increase and a 
decrease of the TEC according to the variations of sunspots numbers. These ob-
servations are in agreement with those of [8] [20] [26], who reported a direct ef-
fect of the solar cycle on TEC measurements. Variability in solar activity results 
in huge variations in temperature, ion and electron densities, and electric fields 
in the ionosphere (Forbes et al., 2006 [16]). The solar cycle dependence of io-
nospheric parameters such as TEC can provide useful information to study the 
behavior and variations of physical and photochemical processes in the ionos-
phere [8] [27]. 
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Figure 3. Monthly variations of TEC and Sunspot Number. 

3.2. Monthly Variations of the TEC 

From Figure 3, we observe that for the year 2013, the peaks in the evolution of 
the TEC occurred in April and November. On the other hand, for the years 
2014, 2015 and 2016, the peaks occurred in March and October. These corres-
pond to spring and autumn months respectively. The spring peak is greater than 
the autumn peak except in 2013 where the opposite occurs. We deduce that 
there is an equinoctial asymmetry for all these years except 2013. Moreover, for 
all the years, the values of the TEC in December are always higher than those in 
June. This clearly illustrates the presence of the annual anomaly for the four 
years [28]. 

Figure 4 presents the monthly variations of the TEC during the four (04) 
years of our period of investigation. There are missing data for August and Sep-
tember 2016. From this figure we can see that the TEC varies according to the 
different months of the year and presents two peaks. Depending on the year, the 
first peak occurred between March and April and the second peak between Oc-
tober and November, separated by a trough between May and August. In addi-
tion, the peak between March and April is more pronounced than that between 
October and November except in 2013 where the opposite is observed. [10] ana-
lyzing TEC data at the Niamey station during solar cycle 23 found similar re-
sults. So, there is an equinoctial asymmetry in TEC variation at Koudougou sta-
tion. 

3.3. Semi-Annual Variations of the TEC 

Figure 5 shows the semi-annual variations of the TEC for the four years (04) 
studied. In 2013 and 2014, the March Equinox and September Equinox recorded 
high magnitude followed by the December Solstice. The magnitude of the Sep-
tember Equinox occurs between that of the March Equinox and the December 
Solstice. The lowest magnitude is recorded during the June solstice. In 2015 and 
2016, the March Equinox and December Solstice record high magnitude fol-
lowed by the September Equinox. The magnitude of the December solstice is  
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Figure 4. Monthly variations of TEC during years 2013, 2014, 2015 and 2016. 

 

 
Figure 5. Seasonal variations of TEC during the years 2013, 2014, 2015 and 2016. 

 
between that of the March equinox and the September equinox. The lowest mag-
nitude is recorded during the June solstice. 

The semi-annual asymmetry that results in higher equinoctial TEC values than 
solstitial TEC values is present for all years. However, there is a reversal of the 
September Equinox and December Solstice. [2] using data from the Ouagadou-
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gou station in the study of the climatological parameters of the equatorial io-
nosphere in the West African sector highlighted the semi-annual anomaly at all 
phases of a cycle solar. 

In addition, the TEC values before midnight (18:00 LT to 23:00 LT) are higher 
than those after midnight (00:00 LT to 05:00 LT). In 2013, the TEC values before 
midnight are between 12 TECU and 50 TECU while the values after midnight 
are between 6 TECU and 21 TECU. In 2014, the values before midnight are be-
tween 12 - 62 TECU while those after midnight are between 7 - 27 TECU. In 
2015, the values before midnight are between 12 - 56 TECU while those after 
midnight are between 6 - 25 TECU. In 2016, the TEC values before midnight are 
between 8 - 36 TECU while those after midnight are between 6 - 16 TECU. The 
maximum values of the TEC for all the years are observed during the March 
equinox. These results are in agreement with those of [20], who obtained higher 
TEC values during the equinoxes than during the solstices in the East African 
sector; [29] in the Indian sector and [8] in the West African sector.  

Figure 6 presents the variations in the difference between the months of the 
equinox (ΔTEV_equinox) and between the months of the solstice (ΔTEV_solstice). 
The two curves have similar variations and each curve shows two peaks sepa-
rated by a cavity. During the equinox, the first peak is observed in the morning 
between 03:00 LT and 05:00 LT and the second peak at night at 18:00 LT. During 
the solstices, the first peak is observed at 06:00 LT and the second peak between 
06:00 LT and 07:00 LT. On Figure 6(a), we can see that ΔTEV_equinox has pos-
itive values all day with 20.96% as maximum value recorded around 06:00 LT. 
The equinoctial asymmetry is therefore present throughout the day, very pro-
nounced in the evening with greater TEC values in spring than in autumn. On 
Figure 6(b), ΔTEV_solstice is negative for all day except between 05:00 LT and 
07:00 LT. Positive values of ΔTEV_solstice indicate an absence of the winter 
anomaly; and negative values of ΔTEV_solstice indicate the presence of the win-
ter anomaly. The winter anomaly is therefore present during the solstices except 
between 05:00 LT and 07:00 LT, and very pronounced in the morning. 

 

 
Figure 6. The relative difference between the months of equinox and solstice. 
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3.4. Variations of the TEC during Quiet and Recurrent Solar  
Activities 

Figure 7 presents the variations of the TEC during quiet and recurrent activity. 
Panels a; b; c and d respectively present the diurnal variations of the TEC for 
quiet (in blue) and recurrent (in red) during winter, autumn, spring and sum-
mer. 

From Figures 7(a)-(c) we can observe that the values of the TEC under re-
curring activity are higher than those under the quiet conditions during winter, 
spring and summer. However, the difference is very slight in spring between 
06:00 LT and 09:00 LT and in summer between 00:00 LT and 07:00 LT; the two 
curves even tend to equalize between 07:00 UT and 12:00 UT. It is the same in 
summer between 01:00 LT and 09:00 LT. In autumn (Figure 7(d)), the two 
curves equalize between 00:00 LT and 07:00 LT. Between 07:00 LT and 18:00 LT 
the values of the TEC during the quiet period are higher than those of recurring 
period; and between 18:00 LT and 23:00 LT the TEC values during the recurring 
period are higher than those during the quiet period. 

Similar to Figure 6, the Figure 8 and Figure 9 present the variations of the 
difference between the months of equinox (ΔTEV_equinox) and between the 
 

 
Figure 7. Diurnal variations of TEC during quiet and recurrent solar activity. 
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Figure 8. The relative differences of equinox and solstice during recurrent solar activity. 

 

 
Figure 9. Relative difference of equinox and solstice during quiet solar activity. 

 
months of solstice (ΔTEV_solstice). The two curves present similar variations 
and each curve shows two peaks separated by a cavity. During the equinox, the 
first peak is observed in the morning between 03:00 LT and 05:00 LT and the 
second peak at night at 18:00 LT. During the solstices, the first peak is observed 
at 06:00 LT and the second peak between 06:00 LT and 07:00 LT. The equinoctial 
asymmetry is present throughout the day whether during recurrent solar activity 
or quiet solar activity. However, it is more pronounced in the morning during 
recurrent activity and in the evening during quiet activity. During the solstices, 
ΔTEV_solstice is negative all days except between 05:00 LT and 07:00 LT. 

The winter anomaly is therefore present during the solstices except between 
05:00 LT and 07:00 LT, very pronounced in the morning. 

An overview from Figure 8 and Figure 9 shows that the values of ΔTEV_ 
equinox are larger during recurrent solar activity than during quiet solar activity; 
and the values of ΔTEV_solstice are very small during recurrent solar activity 
than during quiet solar activity. The recurrent activity therefore does not modify 
either the equinoctial asymmetry or the winter anomaly but accentuates them. 

Figure 10 presents a comparison between the values of the TEC during the  
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Figure 10. Variations de ΔTEC variations during autumn and winter (a) and during spring and summer (b). 

 
recurring period and the quiet period. On Figure 10(a), the two ∆TEC curves 
evolve in opposite ways throughout the day except between 19:00 LT and 23:00 
LT where the two curves behave similarly. In winter, ∆TEC generally shows an 
increasing trend with positive values throughout the day and shows two peaks 
respectively at 15:00 LT and 21:00 LT. In autumn ∆TEC oscillates between posi-
tive and negative values. The values are strictly negative from 04:00 LT to 18:00 
LT and positive from 18:00 LT to 23:00 LT. On Figure 10(b), the two ∆TEC 
curves in summer and spring have a similar evolution between 08:00 LT and 
17:00 LT and evolve in opposite ways between 00:00 LT and 08:00 LT as well as 
between 17:00 LT and 23:00 LT and each curve shows two peaks. In spring as 
well as in summer, all ∆TEC values are positive. The recurring activity therefore 
had more positive impact on the TEC during the different seasons except in au-
tumn when it had a negative impact between 00:00 LT and 17:00 LT. 

4. Conclusion 

This study covers part of the ascending phase, the maximum and the descending 
phase of the 24 solar cycle. Our findings show that the TEC values go from a 
minimum in the early hours of the day to a diurnal maximum between 14:00 LT. 
and 16:00 LT before dropping at a minimum in the afternoon. This behavior of 
the TEC is strongly dependent on the variation of the intensity of the photoio-
nization during the day. For all seasons, the values of TEC before midnight 
(18:00 LT to 23:00 LT) are higher than the values of TEC after midnight (00:00 
LT to 05:00 LT) during all the years of our study. The maximum values of the 
TEC in 2014, 2015 and 2016 were recorded during the months of March and 
October, while in 2013 they were recorded during the months of April and No-
vember; corresponding to the months of equinox. From the monthly TEC and 
the sunspots number a linear dependence of the TEC and solar activity is hig-
hlighted. Moreover, the variations of the TEC show the presence of the equinoc-
tial asymmetry whatever the season or whether we are in quiet or disturbed solar 
activity. The winter anomaly is also present during the day whatever the period 
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of quiet or recurring solar activity except between 05:00 LT and 07:00 LT. Our 
investigation also shows positive impact of recurrent events on TEC.  

Conflicts of Interest 

The author declares no conflicts of interest regarding the publication of this pa-
per. 

Acknowledgements 

The authors would like to thank the reviewers for their detailed and insightful 
comments and constructive suggestions. Special thanks to all providers of data 
used (OMNIweb from NASA Goddard Space Flight Center to provide solar 
wind data; Royal Observatory of Belgium for providing sunspot number). Inter-
national Services of Geomagnetic Indices to provide Aa index. Thank Koudou-
gou university for his cooperation by providing Koudougou CODG TEC data. 

References 
[1] Balan, N., Bailey, G.J., Jenkins, B., Rao, P.B. and Moffett, R.J. (1994) Variations of 

Ionospheric Ionization and Related Solar Fluxes during an Intense Solar Cycle. Jour-
nal of Geophysical Research: Space Physics, 99, 2243-2253.  
https://doi.org/10.1029/93JA02099 

[2] Ouattara, F., Mazaudier, C.A., Fleury, R., Duchesne, P.L., Vila, P. and Petitdidier, 
M. (2009) West African Equatorial Ionospheric Parameters Climatology Based on 
Ouagadougou Ionosonde Station Data from June 1966 to February 1998. Annales 
Geophysicae, 27, 2503-2514. https://doi.org/10.5194/angeo-27-2503-2009 

[3] Akala, A.O., Seemala, G.K., Doherty, P.H., Valladares, C.E., Carrano, C.S., Espino-
za, J. and Oluyo, S. (2013) Comparison of Equatorial GPS-TEC Observations over 
an African Station and an American Station during the Minimum and Ascending 
Phases of Solar Cycle 24. Annales Geophysicae, 31, 2085-2096.  
https://doi.org/10.5194/angeo-31-2085-2013 

[4] Ayorinde, T.T., Rabiu, A.B. and Mazaudier, C.A. (2016) Inter-Hourly Variability of 
Total Electron Content during the Quiet Condition over Nigeria, within the Equa-
torial Ionization Anomaly Region. Journal of Atmospheric and Solar-Terrestrial 
Physics, 145, 21-33. https://doi.org/10.1016/j.jastp.2016.04.005 

[5] Ratovsky, K.G., Klimenko, M.V., Dmitriev, A.V. and Medvedeva, I.V. (2022) Rela-
tion of Extreme Ionospheric Events with Geomagnetic and Meteorological Activity. 
Atmosphere, 13, Article 146. https://doi.org/10.3390/atmos13010146 

[6] Zoundi, C., Bazié, N., M’Bi, K. and Ouattara, F. (2021) Total Electron Content 
(TEC) Seasonal Variability under Fluctuating Activity, from 2000 to 2002, at Nia-
mey Station. International Journal of Physical Sciences, 16, 138-145.  
https://doi.org/10.5897/IJPS2021.4960 

[7] Tsai, H.F., Liu, J.Y., Tsai, W.H., Liu, C.H., Tseng, C.L. and Wu, C.C. (2001) Season-
al Variations of the Ionospheric Total Electron Content in Asian Equatorial Ano-
maly Regions. Journal of Geophysical Research: Space Physics, 106, 30363-30369.  
https://doi.org/10.1029/2001JA001107 

[8] Ogwala A., Somoye, E.O., Ogunmodimu, O., Adele, R.A.A, Onori, E.O. and Oye-
dokun, O. (2019) Diurnal, Seasonal and Solar Cycle Variation in Total Electron 
Content and Comparison with IRI-2016 Model at Birnin Kebbi. Annales Geophysi-

https://doi.org/10.4236/ijg.2023.149044
https://doi.org/10.1029/93JA02099
https://doi.org/10.5194/angeo-27-2503-2009
https://doi.org/10.5194/angeo-31-2085-2013
https://doi.org/10.1016/j.jastp.2016.04.005
https://doi.org/10.3390/atmos13010146
https://doi.org/10.5897/IJPS2021.4960
https://doi.org/10.1029/2001JA001107


Y. Sawadogo et al. 
 

 

DOI: 10.4236/ijg.2023.149044 838 International Journal of Geosciences 
 

cae, 37, 775-789. https://doi.org/10.5194/angeo-37-775-2019 

[9] Okoh, D., Eze, A., Adedoja, O., Okere, B. and Okeke, P.N.A. (2012) Comparison of 
IRI-TEC Predictions with GPS-TEC Measurements over Nsukka, Nigeria. Space 
Weather, 10, 1-6. https://doi.org/10.1029/2012SW000830 

[10] Ouattara, F., Zerbo, J.L., Kaboré, M. and Fleury, R. (2017) Investigation on Equi-
noctial Asymmetry Observed in Niamey Station Center for Orbit Determination in 
Europe Total Electron Content (CODG TEC) Variation during ~ Solar Cycle 23. 
International Journal of Physical Sciences, 12, 308-321.  
https://doi.org/10.5897/IJPS2017.4684 

[11] Mukherjee, S., Shivalika, S., Purohit, P.K. and Gwal, A.K. (2010) Seasonal Variation 
of Total Electron Content at Crest of Equatorial Anomaly Station during Low Solar 
Activity Conditions. Advances in Space Research, 46, 291-295.  
https://doi.org/10.1016/j.asr.2010.03.024 

[12] Legrand, J.P. and Simon, P.A. (1989) Solar Cycle and Geomagnetic Activity: A Re-
view for Geophysicists. Part I. The Contributions to Geomagnetic Activity of Shock 
Waves and of the Solar Wind. Annales Geophysicae, 7, 565-578. 

[13] Zerbo, J.L., Mazaudier, C.A, Ouattara, F. and Richardson, J.D. (2012) Solar Wind 
and Geomagnetism: Toward a Standard Classification of Geomagnetic Activity from 
1868 to 2009. Annales Geophysicae, 30, 421-426.  
https://doi.org/10.5194/angeo-30-421-2012 

[14] Zerbo, J.L., Mazaudier, C.A. and Ouattara, F. (2013) Geomagnetism during Solar 
Cycle 23: Characteristics. Journal of Advanced Research, 4, 265-274.  
https://doi.org/10.1016/j.jare.2012.08.010 

[15] Gorney, D.J. (1990) Solar Cycle Effects on the Near-Earth Space Environment. Re-
views of Geophysics, 28, 315-336. https://doi.org/10.1029/RG028i003p00315 

[16] Forbes, J.M., Bruinsma, S. and Lemoine, F.G. (2006) Solar Rotation Effects on the 
Thermospheres of Mars and Earth. Science, 312, 1366-1368.  
https://doi.org/10.1126/science.1126389 

[17] Dabas, R.S., Singh, L., Lakshmi, D.R., Subramanyam, P., Chopra, P. and Garg, S.C. 
(2003) Evolution and Dynamics of Equatorial Plasma Bubbles: Relationships to ExB 
Drift, Postsunset Total Electron Content Enhancements, and Equatorial Electrojet 
Strength. Radio Science, 38. https://doi.org/10.1029/2001RS002586 

[18] Somoye, E.O., Akala, A. and Ogwala, A. (2011) Day to Day Variability of h’F and 
foF2 during Some Solar Epochs. Journal of Atmospheric and Solar-Terrestrial Phys-
ics, 73, 1915-1922. https://doi.org/10.1016/j.jastp.2011.05.004 

[19] Hajra, R., Chakraborty, S., KTsurutani, B.T., DasGupta, A., Echer, E., Brum, C.G.M., 
Gonzalez, W.D. and Sobral, J.H.A. (2016) An Empirical Model of Ionospheric Total 
Electron Content (TEC) Near the Crest of the Equatorial Ionization Anomaly (EIA). 
Journal of Space Weather and Space Climate, 6, Article No. A29.  
https://doi.org/10.1051/swsc/2016023 

[20] D’ujanga, F.M., Opio, P. and Twinomugisha, F. (2016) Variation of the Total Elec-
tron Content with Solar Activity during the Ascending Phase of Solar Cycle 24 Ob-
served at Makerere University, Kampala. In: Fuller-Rowell, T., Yizengaw, E., Do-
herty, P.H. and Basu, S. Eds., Ionospheric Space Weather: Longitude and Hemis-
pheric Dependences and Lower Atmosphere Forcing, 145-154.  
https://doi.org/10.1002/9781118929216.ch12 

[21] Saranya, P.L., Prasad, D.S.V.V.D., Niranjan, K. and Rama Rao, P.V.S. (2015) Short 
Term Variability in FoF2 and TEC over Low Latitude Stations in the Indian Sector. 
Indian Journal of Radio & Space Physics, 44, 14-27. 

https://doi.org/10.4236/ijg.2023.149044
https://doi.org/10.5194/angeo-37-775-2019
https://doi.org/10.1029/2012SW000830
https://doi.org/10.5897/IJPS2017.4684
https://doi.org/10.1016/j.asr.2010.03.024
https://doi.org/10.5194/angeo-30-421-2012
https://doi.org/10.1016/j.jare.2012.08.010
https://doi.org/10.1029/RG028i003p00315
https://doi.org/10.1126/science.1126389
https://doi.org/10.1029/2001RS002586
https://doi.org/10.1016/j.jastp.2011.05.004
https://doi.org/10.1051/swsc/2016023
https://doi.org/10.1002/9781118929216.ch12


Y. Sawadogo et al. 
 

 

DOI: 10.4236/ijg.2023.149044 839 International Journal of Geosciences 
 

[22] Bolaji, O.S., Adeniyi, J.O., Radicella, S.M. and Doherty, P.H. (2012) Variability of 
Total Electron Content over an Equatorial West African Station during Low Solar 
Activity. Radio Science, 47. https://doi.org/10.1029/2011RS004812 

[23] Fayose, R., Rabiu, A., Oladosu, O. and Groves, K. (2012) Variation of Total Electron 
Content [TEC] and Their Effect on GNSS over Akure, Nigeria. Applied Physics Re-
search, 4, 105-109. https://doi.org/10.5539/apr.v4n2p105 

[24] Okoh, D., McKinnell, L.A., Cilliers, P., Okere, B., Okonkwo, C. and Rabiu, B. (2015) 
IRI-vTEC versus GPS-vTEC for Nigerian SCINDA GPS Stations. Advances in Space 
Research, 55, 1941-1947. https://doi.org/10.1016/j.asr.2014.06.037 

[25] Eyelade, V.A., Adewale, A.O., Akala, A.O., Bolaji, O.S. and Rabiu, A.B. (2017) Stud-
ying the Variability in the Diurnal and Seasonal Variations in GPS Total Electron 
Content over Nigeria. Annales Geophysicae, 35, 701-710.  
https://doi.org/10.5194/angeo-35-701-2017 

[26] Chakrabarty, D., Bagiya, M.S., Thampi, S.V. and Iyer, K.N. (2012) Solar EUV Flux 
(0.1-50 Nm), F10.7 Cm Flux, Sunspot Number and the Total Electron Content in 
the Crest Region of Equatorial Ionization Anomaly during the Deep Minimum be-
tween Solar Cycle 23 and 24. Indian Journal of Radio and Space Physics, 41, 110-120. 

[27] Liu, L., Wan, W. and Ning, B. (2006) A Study of the Ionogram Derived Effective 
Scale Height around the Ionospheric hmF2. Annales Geophysicae, 24, 851-860.  
https://doi.org/10.5194/angeo-24-851-2006 

[28] Zou, L., Rishbeth, H., Müller-Wodarg, I.C.F., Aylward, A.D., Millward, G.H., Ful-
ler-Rowell, T.J., Idenden, D.W. and Moffett, R.J. (2000) Annual and Semiannual 
Variations in the Ionospheric F2-Layer. I. Modelling. Annales Geophysicae, 18, 
927-944. https://doi.org/10.1007/s00585-000-0927-8 

[29] Bagiya, M.S., Joshi, H.P., Iyer, K.N., Aggarwal, M., Ravindran, S. and Pathan, B.M. 
(2009) TEC Variations during Low Solar Activity Period (2005-2007) Near the 
Equatorial Ionospheric Anomaly Crest Region in India. Annales Geophysicae, 27, 
1047-1057. https://doi.org/10.5194/angeo-27-1047-2009 

 
 

https://doi.org/10.4236/ijg.2023.149044
https://doi.org/10.1029/2011RS004812
https://doi.org/10.5539/apr.v4n2p105
https://doi.org/10.1016/j.asr.2014.06.037
https://doi.org/10.5194/angeo-35-701-2017
https://doi.org/10.5194/angeo-24-851-2006
https://doi.org/10.1007/s00585-000-0927-8
https://doi.org/10.5194/angeo-27-1047-2009

	Total Electron Content Diurnal and Seasonal Variations and Response to Solar Events at Koudougou Station in Burkina Faso
	Abstract
	Keywords
	1. Introduction
	2. Data and Methods
	3. Results and Discussions
	3.1. Annual Variations of the TEC
	3.2. Monthly Variations of the TEC
	3.3. Semi-Annual Variations of the TEC
	3.4. Variations of the TEC during Quiet and Recurrent Solar Activities

	4. Conclusion
	Conflicts of Interest
	Acknowledgements
	References

