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Abstract

In this paper we studied the variability of the peak of the critical
frequency of the ionospheric E layer (foE) during the minimum and
maximum phase of solar cycle 22 (SC22) at Ouagadougou station
whose geographical coordinates are: 12.4°N and 358.5°E. We made a
statistical study with the aim of highlighting the month which would
have the value of foE which best converges towards the average of its
corresponding season. We prove that the median months of each season
have their critical frequencies (foE) that best converge to the average

foE values of each season. Thus, for the winter, spring, summer and
autumn seasons, the months best suited for a seasonal study of foE are
January, April, July and October respectively at solar minimum and
maximum. This study also revealed that foE varies according to the
time of day, the season and the phase of the solar cycle at
Ouagadougou station.

Copy Right, 1JAR, 2021,. All rights reserved.

Introduction:-

The critical frequency of an ionosphere layer is the frequency below which a radio wave is reflected by this layer.
The determination of this parameter allows, in the context of telecommunications, the determination of the maximum
usable frequency (MUF) for oblique propagation of radio waves. Several researchers have therefore been interested
in investigating this layer(Ouattara et al., 2011a, 2011b, 2012a, 2009a, 2013, 2008, 2009b, 2014, 2011c, 2009c,
2015a, 2017 ; Boutiouta et al., 2006 ; Xu et al., 2003 ; Gnabahou et al., 2012, 2013; Wang et al., 2004 ; Liu et al.,
2010 Gnabahou ; Richmond et al., 1992 ; Zhao et al., 2012 ; Nanéma et al., 2018a, 2013, 2019 ; Burns et al., 2014 ;
Thiam et al., 2012 ; Qian et al., 2011 ; Rishbeth et al., 2000, 2006, 1969). At the Ouagadougou station, the study of
the F layer of the ionosphere was carried out by several researchers. The variability of the critical frequency of the F-
layer depends on three (3) main factors: the season (spring, summer, autumn and winter), the phase of the sunspot
cycle (minimum, ascending, maximum and descending) and the geomagnetic activity (Ouattara et al., 2012b). The
foF2 profile differs from station to station (Ouattara et al., 2015b). The variability of the peak of the critical
frequency of the F2 layer (foF2) shows a winter anomaly at phase minimum and maximum (Nanéma et al.,
2018b).Chen and al tried to highlight the relationship between F10.7 and EUV ticked foF2, but their study proved
that F10.7 is not an ideal indicator of foF2(Chen et al., 2011). As for the E-layer, several works have shown that foE
directly affects wave propagation (Wongcharoen et al., 2015). The E-layer does not disappear completely at night,
but remains weakly ionised(Zolesi et al 2014). The nocturnal ionisation of the E layer can be largely explained by a
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combination of transport due to the downward phase progression of tidal/planetary waves and meteoric influx (Zhou
et al., 1999). foE increases progressively as the intensity of solar irradiation increases (Abe et al., 2013)and reaches
its maximum value at local noontime, a value that varies according to the seasons of the year (Mostafa et al., 2018).
The NmE electron density is maximum at the equator and decreases with increasing latitude (Chu et al., 2009), it
also depends on the season, the solar flux and the local weather (J.E. Titheridge, 2000). In the following we will give
our data acquisition method, present the methodology of our work, display our results followed by discussions and
make a conclusion.

Data and Methodology:-

The data we use are those of the critical frequency of the E layer (foE) measured at the Ouagadougou station
(12.4°N, 358.5°E) at the minimum and maximum phase of solar cycle 22 (Zerbo et al., 2011). We then considered
the four seasons of the year which are: winter (December, January and February), spring (March, April and May),
summer (June, July and August) and autumn (September, October and November) (Diabaté et al., 2018). Our
methodology is based on the calculation of the variability of foE by month, season and standard deviation of foE
between a month and a season(%DS). Equation (1) is used to evaluate the monthly variability of foE according to the
hours of the day. Equation (2) calculates foE for a season. Equation (3) calculates the standard deviation of foE
between a month and a season.

n_ E;
fOEmois = Zj_ln$ (1)
23=1 foEmois
fOEsaison = % (2)
%DS = foEmois —fOE saison %100 (3)

fOE sqaison

In these relationships ndenotes the number of days in a month. The convergence of foE will be assessed by %DS.

Results and Discussions:-
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Figure 1:- Monthly/seasonal foE Variabilities and %DSof the four seasons at the phase minimum of SC22

foEvariabilities of minimum solar are given in Figure 1.al and 1.a8. From Figure 1.a2 and 1.al, from right to left,
we have respectively the monthly/seasonal variability in winter (December, January and February, and the average
giving the seasonal variability), the value of %DS of foE in December, January and February. The maximum foE
value is reached at 1200 TL with an average value of 3.52 MHz. This diurnal variability of foE in winter is observed
from 0700 TL to 1800 TL. The highest deviations occur in the months of December and February, of about 11% and
10% respectively. January, on the other hand, has the lowest values of %DS values, which explains its perfect
overlap with the average winter foE profile. We therefore find that it will be the month to which we could refer when
conducting a seasonal study of foE. Figures 1.a4 and 1.a3, from right to left, show us the monthly and seasonal
evolution of the diurnal variability of foE in spring, as well as the deviations of foE for each month from the mean
value in spring. The evolution from 0700 TL to 1800 TL is then observed, with its maximum value of 3.74 MHz
being reached at 1200 TL. April has the lowest %DS. However, the highest deviations are observed in March and
May (7% and 5.26% respectively). Thus, April being the median month of spring is better suited for a seasonal study
of foE in spring because of the low deviations of foE it registers from the average spring value. From right to left in
figure 1.a6 and 1.a5, we have respectively the monthly/seasonal variability of foE in relation to the hours of the day,
and the percentage deviations that illustrate the difference in value that exists between the different months and the
average foE value of the three months considered as summer foE. As for the variability of foE, it is observed from
0600 to 1800 TL with a maximum value at 1200 TL, estimated at 3.69 MHz. As for the deviations, the highest values
are 8.5% in June, 3.4% in July and 5% in August. Using the July foE variability for the summer season would
therefore be less error-prone. From Figure 1.a7 to 1.a8, the monthly/seasonal variability of foE as a function of local
weather and the deviations of foE (month/season) in percent are discussed. Furthermore, the deviations in September
and November are the highest (maximum value, = 11% and 8% respectively). The month of October shows low
deviations on average. Thus, for a seasonal study, fewer errors would be made by using the October data in autumn.
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Maximum phase of SC22
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Figure 2:- Monthly/seasonal foE Variabilities and %DSof the four seasons at the phase maximum of SC22
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foE Variabilities at solar maximumare given in Figures 2.b1- 2.b8. From figure 2.b1 and 2.b2, from right to left, we
have respectively the monthly/seasonal variability in winter (December, January and February, and the average
giving the seasonal variability), the percentage deviation of foE from December, January and February. The
maximum value of foE is reached at 1200 TL with an average value of 4.1 MHz. This diurnal variability of foE in
winter is observed from 0600 to 1800 TL. The months of December and February show on average the highest
deviations. Statistically we can see a deviation of about 8% at 1700 TL for both months. January, on the other hand,
has the smallest deviations, which explains its perfect overlap with the average winter foE profile. We therefore find
that it will be the month to which we could refer when doing a seasonal study of foE. If we look at figures 2.b3 and
2.b4, we can see the monthly and seasonal evolution of the diurnal variability of foE in spring, as well as the
deviations of foE for each month in relation to the average value in spring. We then observe an evolution from 0600
to 1900 TL, with its maximum value of 4.2 MHz being reached at 1200 TL. April has the smallest deviations of foE
from the spring average foE value, so a perfect superposition of the two profiles can be seen in Figure 2.b4.
However, the highest deviations are observed in March and May (10% and 9% respectively). These observations
lead us to consider the month of April as the most suitable for a seasonal study of foE in spring at solar maximum.
From figures 2.b6 and 2.b5 we have respectively the monthly/seasonal variability of foE in relation to the hours of
the day, and the percentage deviations that illustrate the difference in value that exists between the different months
and the average value of foE of the three months, considered as summer foE. As for the variability of foE, it is
observed from 0600 to 1900 TL with a maximum value at 1200 TL, estimated at 4.17 MHz. As for the deviations,
the highest values are 3.5% in June, 3% in July and 6% in August. Less error would therefore be made by using the
July foE variability for the summer season. From Figure 2.b7 and 2.b8, we can see the monthly/seasonal variability
of foE during the autumn season as a function of local time (LT) and the deviations of foE (month/season) in percent
(%). Furthermore, the deviations in September and November are the highest (maximum value, = 11% for both
months). October shows low deviations on average. Its profile overlaps perfectly with that of the average. Thus, for
a seasonal study, fewer errors would be made by using the October data to represent the season.

Conclusion:-

In this work, a statistical study of the variability of the peak of the critical frequency of the E-layer per month/season
at the maximum and minimum phase of the solar cycle 22 was carried out. The seasons considered for each phase
are: winter (December, January and February), spring (March, April and May), summer (June, July and August) and
autumn (September, October and November). It was found that the middle months of each season, i.e. January
(winter), April (spring), July (summer) and October (autumn) are the most representative for a seasonal study of foE.
This is because the foE profiles of these median months overlap better with those of the mean values we have
considered to be that of the respective seasons and their %DS values on average are the lowest. It will therefore make
sense for a foE study to use data from January, April, July and October to represent winter, spring, summer and
autumn respectively.
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