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Abstract 
This work deals with electron surface density time variation in ionosphere region. The study uses international 
reference ionosphere (IRI) model for investigation. Total Electron Content (TEC) parameter is carried out at 
different levels in the F2-layer of ionosphere. The study takes place at Ouagadougou station (12,4°N and 
358,5°E), in West Africa. Quiet time periods of solar cycle 22 are considered. This study considers only the 
maximum and minimum phases of solar cycle 22. The five quietest days of the characteristic months in each 
season are used in the study. Seasonal time profiles of ionosphere parameters highlight relation between Total 
Electron Content (TEC) and Height of F2-layer (hmF2) in ionosphere region. The results found in this study 
correlate closely with parameters behavior previously found in other works. 
Keywords: Ionosphere, Total Electron Content, Height of F2-Layer, Quiet Days, Minimum Phase, Maximum 
Phase, Characteristic Month 
1. Introduction 
The Sun emits radiations through all the space. These radiations hit the particles in the atmosphere and cause 
their ionization. From 50km up to almost 800km in the atmosphere, the density of particles is important (Bauer 
et al., 1962, 1964; Van Zandt et al., 1960, 1964). This part of the atmosphere is the ionosphere layer. It’s the site 
where reflect radio waves for telecommunication. In this region, the major constituents in particles are N2, O2 
and O (Rishbett et al., 1969). Ionosphere is electrically neutral and moves like a plasma. Different approaches 
(theoretical and data processing) are used for its modeling (Richmond et al., 1992; Pedatella et al., 2011; 
Ouattara et al., 2011). The present study uses international reference ionosphere (IRI) model for ionosphere 
investigation. IRI is a semi-empirical model using data recorded on different stations. The model is usually 
updated and is on-line accessible. This study uses the 2012-version of the model to carry out TEC and hmF2 
parameters during minimum (1985) and maximum (1990) of solar cycle 22. The parameters are obtained for the 
different seasons of 1985 and 1990 at Ouagadougou station located in West Africa, near the equator. 
2. Methodology-Fundamentals 
This study is based on the following three core principles (Nanéma et al., 2018a, 2018b): (i) The characteristic 
months of spring, summer, autumn and winter are respectively March, June, September and December ; (ii) The 
five quietest days of each characteristic month (Aa ≤ 20 nT) are considered; (iii) Solar minimum is characterized 
by sunspot number Rz < 20 while the maximum is characterized by Rz ≥ 100. 1985 and 1990 are respectively 
the minimum and the maximum of solar cycle 22. 
Using (ii) principle enables to write TEC time value as follows: 

 𝐓𝐄𝐂𝐢 =  ∑ 𝐓𝐄𝐂𝐢,𝐣𝟓𝐣స𝟏𝟓  (1) 
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where TECi is the hourly mean value of Total electron content for a selected month at “i” hour; TECi,j pointing out 
the hourly average value of Total electron content at “i” hour, and “j” quiet day. 
The same approach enables to write hmF2 time value as follows: 

 𝐡𝐦𝐅𝟐𝐢 =  ∑ 𝐡𝐦𝐅𝟐𝐢,𝐣𝟓𝐣స𝟏 𝟓  (2) 

where hmF2i is the hourly mean value of Height of F2-layer for a selected month at “i” hour; hmF2i,j pointing out 
the hourly average value of Height of F2-layer at “i” hour, and “j” quiet day. 
Then, time parameter is used to link TEC and hmF2 values. This shows electron surface density (TEC) time 
variation at different levels (hmF2) in ionosphere F2-layer. 
Table 1 presents the retained days obtained by selecting the quietest in each characteristic month of the four 
seasons. 
 
Table 1. Quietest days of characteristic months on minimum and maximum of solar cycle 22 

   Months 
Cycle Phase Year March June September December 

22 
Min 1985 9,13,21,22,25 3,14,16,18,19 2,3,4,5,29 8,9,21,23,29 

Max 1990 4,10,16,17,31 16,17,20,21,30 2,3,27,29,30 10, 11, 19, 21, 29 

 
Local Time (LT) is linked to Universal Time by the following relation (equation (3)): 

 𝐋𝐓 = 𝐔𝐓 + 𝐥𝐨𝐧𝐠𝐢𝐭𝐮𝐝𝐞𝟏𝟓  (3) 

The longitude of Ouagadougou is 358.5°E. 
Using the following approximation: 

 358.5° ~ 0° (4) 

Equation (3) becomes (5): 

 𝐋𝐓 = 𝐔𝐓 (5) 

The approximation (equation (4)) is possible because of the proximity of Ouagadougou station to the Zero 
Meridian. The model is run in these conditions. 
3. Result and Discussion 
TEC and hmF2 time values calculated by use of equations (1) and (2) enable to get the following plots (figures 1 
and 2), that are the parameters time profiles during minimum and maximum of solar cycle 22 at Ouagadougou 
station. 
The different panels are the seasonal time profiles (spring, summer, autumn and winter) of TEC and hmF2 
during quiet days on minimum and maximum of solar cycle 22. 
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Figure 1. hmF2 and TEC time profiles at minimum of solar cycle 22 at Ouagadougou station 

 

Figure 2. hmF2 and TEC time profiles at maximum of solar cycle 22 at Ouagadougou station 
 
Figure 1 presents hmF2 and TEC time profiles. X-axis represents the time, while hmF2 and TEC are respectively 
on the primary Y-axis and the secondary Y-axis. Panels 1a, 1b, 1c, and 1d present hmF2 and TEC profiles on 
spring, autumn, summer and winter at the minimum of solar cycle 22. The panels show that at minimum solar 
cycle phase, TEC time profile decreases at nighttime (from 0.00 LT up to 04.00 LT and from 16.00 LT up to 
24.00 LT) and increases during daytime. This means that during nighttime, electron bulk surface density values 
are low, compared to those at daytime. The difference of ionization of F2-layer between daytime and nighttime 
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causes this phenomenon. During daytime, ionization is higher than that at nighttime. F2-layer raises to high 
values from nighttime to daytime with its maximum at 12.00 LT. So, during nighttime, F2-layer is low compared 
to its position at daytime. 
Figure 2 presents hmF2 and TEC time profiles on Panels 2a, 2b, 2c, and 2d. X-axis represents time variation 
along the characteristic month of spring, autumn, summer and winter at the maximum of solar cycle 22. Figure 2 
shows that at maximum solar cycle phase, TEC profile decreases at nighttime and increases at daytime. This has 
been previously found on solar minimum. During this phase, F2-layer also presents the same behavior, compared 
to the minimum of solar cycle phase. 
Figures 1 and 2 show that at maximum, hmF2 and TEC values are superior to those at minimum. This means that 
F2-layer raises to high values from minimum to maximum in the same solar cycle phase. At the same time, 
electron bulk surface density also raises to high values. This correlates with the result of critical frequency in a 
recent study (Nanéma et al., 2018c, 2018d) that shows foF2 values are higher on maximum solar than those on 
minimum solar cycle phase. 
Figures 3 and 4 highlight TEC seasonal variation on solar minimum and maximum respectively. 

 
Figure 3. TEC seasonal variation on solar minimum 

 
Figure 4. TEC seasonal variation on solar maximum 

 
Figure 3 shows that on solar minimum, electron bulk surface density values are high on spring and autumn and 
low on summer and winter during daytime (from 08.00 LT to 17.00 LT) and around. At nighttime (from 0.00 LT 
to 04.00 LT and from 20.00 LT to 24.00 LT), electron surface density is higher on winter than that on summer. 
This last result highlights winter anomaly phenomenon (Ouattara et al., 2012; Nour et al., 2015). 
On solar maximum (figure 4), electron bulk surface density is higher on winter than that on summer all day long, 
except at the beginning of nighttime, during the descending phase (from 15.00 LT to 19.00 LT). This result well 
reproduces winter anomaly, previously found on solar minimum. TEC values are higher on spring and autumn 
than that on summer. At low latitudes, ionosphere F2-layer ionization is higher on spring and autumn than on 
summer during solar maximum. 
4. Conclusion 
In this study, electron bulk surface density behavior is highlighted at different positions of F2-layer on a station 
located at low latitudes. This study shows that electron bulk surface density parameter raises with F2-layer value. 
Ionization causes the difference of TEC values from nighttime to daytime, from minimum to maximum of solar 
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cycle phase and between the different seasons of the year. This study shows the effects of the three variables 
(solar cycle phase, time and season) on TEC and hmF2. TEC study reproduces winter anomaly phenomenon. 
This result has already been found on NmF2 study. Solar ionization enhances electron surface density in 
ionosphere F2-layer. This is shown between the minimum and the maximum of solar cycle phase, and from 
nighttime to daytime. Winter anomaly shows that solar is not the only factor of ionization in ionosphere. We will 
focus a next study on the other factors of ionization in the atmosphere. 
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