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Abstract

Geomagnetic activity is characterized by four solar wind conditions. Each
condition has specific impact on ionosphere. This paper review on fluctuating
activity effects on ionosphere F2 layer through its critical frequency foF2 var-
iations. Under fluctuating wind conditions, we have investigated on annual,
diurnal and seasonal variations of foF2 during solar cycles 21 and 22 phases
covered by Ouagadougou ionosonde station data (Lat: 12.5°N; Long: 358.5°E;
dip: 1.43°). Our investigations show that foF2 annual’ variability is in phase
with solar cycle. The diurnal variation is “noon bite out” most of the time ex-
cept for the solar maximum where we have a morning peak testifying to the
fact that the vertical drift E x B is disturbed. The seasonal variations show
that the fluctuating activity has no particular effect on certain characteristics
of the equatorial ionosphere such as electrojet and vertical drift E x B. How-
ever, the increase of the electric field pre-reversal phenomenon in autumn is a
characteristic effect observed during the fluctuating activity.
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1. Introduction

F2-layer of Ionosphere is known to play an important role for radio-commu-
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nication long high frequency (HF). Many studies have reviewed on ionosphere
variability in equatorial region; some of them have pointed out the fact that this
variability depend on solar cycle, season and geomagnetic activity [1] [2]. This
variability is also supposed to be linked with its electric current and electric field
which have effect on the critical frequency foF2. Then Analysing ionosphere
variability induced investigation on F2-layer’s critical frequency (foF2) variabil-
ity.

Previous studies deal with 1) foF2 time variation during quiet solar activity
over season for solar minimum, and high and moderate period 2) foF2 statistical
variability over seasons and solar cycle phases and 3) foF2 variability during
disturbed periods.

Ouagadougou station, an African sector Equatorial Ionisation Anomaly (EIA)
station (Lat: 12.5°N; Long: 358.5"E; dip: 1.43") is an interesting position which is
able to teach about critical frequency variabilities for equatorial region. For that
reason, we focus our present work on data from this station which works from
June 1966 to February 1998 and corresponds to three solar cycles (20, 21 and
22). [3] [4] dealing with disturbed conditions do not treat the impact of each
type of activity. In this work, we only pay attention to the fluctuating activity’ ef-
fects in order to investigate on morphological behaviour of equatorial iono-
sphere during solar cycles phases and seasons for solar cycles 21 and 22. Hope-
fully, the present study can help to understand the more complex morphology of
F2 Layer.

2. Materials and Methods
2.1. Data

Data in this paper are:

1) F2-layer critical frequency (foF2) hourly values from Ouagadougou (Burk-
ina Faso) ionosonde station data during the solar cycles 21 and 22, provided by
Télécom Bretagne;

2) Sunspot numbers Rztaken from: http://spidr.ngdc.noaa.gov/spidr/;

3) Geomagnetic index aa from: http://isgi.unistra.fr/data_download.php and

summarized in pixel diagram (Figure 1).

2.2. Methods

The diurnal values of foF2 are obtained with arithmetical calculation for each
solar cycle phase and seasons.

Based on the strong correlation between geomagnetic index aa and solar wind
velocity established by [5], it is well-known [6]-[12] that disturbed activity is ex-
pressed by recurrent activity due to solar high wind stream, shock activity due to
Coronal Mass Ejections (CMEs) and fluctuating activity consequences of the
fluctuation of solar heliosheet. We used the so-described classification to identi-
fied days under fluctuating conditions mean to pixel diagram fully described in
[11] [12] [13] and characterized by aa > 20 nT.
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Figure 1. Pixel diagram of year 1976 illustrating geomagnetic activity classes. Each line
shows solar rotation, successive lines solar rotations, and each number the daily average
of solar wind speed. Circle indicates the date of storm/coronal mass ejection (CME).

The different solar cycle phases (minimum, increasing, maximum and de-
creasing) are determined following criteria given in [4] [14]: 1) minimum phase:
Rz < 20, where Rz is the yearly average Ziirich Sunspot number; 2) ascending
phase: 20 < Rz < 100 and Rz greater than the previous year’s value; 3) maximum
phase: Rz > 100. For small solar cycles (solar cycles with sunspot number maxi-
mum (Rz max) less than 100), the maximum phase is obtained by considering
Rz > 0.8 x Rz max; and 4) descending phase: 100 > Rz > 20 and Rz less than the
previous year’s value.

Table 1 gives concerned years for the different phases during the solar cycles
21 and 22.

Seasons are distinguished as follows: Winter (December, January and Febru-
ary); spring (March, April and May); summer (June, July and August) and au-
tumn (September, October and November). Equinoxial periods are spring and
autumn and solstice period regroup winter and summer.

The profiles obtained with the data used in this paper are analysed in com-
parison with different results presented by [15] for African equatorial region:
“Dome”, “noon bite out
also inspired ourselves with the works proposed by [16] [17] [18] [19] [20]

» <« » <«

, “morning pic”, “reversed” and “plateau” profiles. We
where it is established the link between these profiles and the nature, strength or
absence of electric currents in E layer of ionosphere: “dome” and “ plateau” pro-
files express the absence of electrojet while the “morning pic” profile shows the
existence of moderate electrojet; the “reversed” profile shows to the presence of
important afternoon conter-electrojet; and the “noon bite out” profile testified to
the presence of high electrojet. In addition, [21] [22] [23] reviewed on mechan-
ism responsible of equatorial trough at noon induced by electrodynamics E x B

process.

3. Results
3.1. Occurrence of Fluctuating Activity Days

Using the criteria of the geomagnetic activity classification described in section
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Table 1. Solar cycle phases for cycles 21 and 22.

Solar cycle phases Cycle 21 Cycle 22
Minimum 1976 1986
increasing 1977; 1978 1987
Maximum 1979; 1980; 1981; 1982 1988; 1989; 1990; 1991
decreasing 1983; 1984; 1985 1992; 1993; 1994; 1995; 1996

2.2, we have identified 3297 days under fluctuating activity conditions from 1976
to 1996: 1601 days during solar cycle 21 and 1696 days during solar cycle 22. To
appreciate the contribution of fluctuating activity, we have evaluated the per-
centage of occurrence for each phase of solar cycle or each season as followed:

_ N, x100

= N—T

%

N, represents the number of fluctuating activity days and N, the total
number of days of a considered solar cycle phase or season.

Figure 2 shows the histogram of the percentages of fluctuating activity’s oc-
currence by solar cycle phase (top panels) and by season (bottom panels). We
note that for each cycle, fluctuating activity has important occurrences (between
30% and 50%) during both cycles. During cycle 21, the occurrence increases
from the minimum phase to the decreasing phase while for cycle 22 it fluctuates
in “sawtooth pattern”. The gap between occurrences per season (bottom panels)
is not important. These percentages are in the order of 40% to 45% except in the

summer of cycle 22 where the percentage is about 38%.

3.2. Annual Variations of the Critical Frequency foF2

Figure 3 gives an overview of foF2 behavior during the two solar cycles covered
with our data. Two distinct parts can be observed: 1976 to 1985 and 1986 to 1996
corresponding respectively to solar cycles 21 and 22. Both cycles present similar
trends: an increasing trend from a minimum value followed by a decreasing
trend. The peak in each profile of foF2 is closed to the maximum phase of the
given solar cycle. In addition the minimum, increasing and the decreasing in
each profile is linked of the minimum, ascending and decreasing phases of solar
cycle respectively. We can see that the critical frequency’s profile follows the so-

lar cycle evolution.

3.3. Diurnal Variation by Solar Cycle Phases

Figure 4 shows the diurnal variation of the critical frequency recorded at the
Ouagadougou station during solar cycles 21 and 22 under the fluctuating activity
conditions. The continuous curves correspond to the solar cycle 21 and the dot-
ted lines to the solar cycle 22. Data are not available for the cycle 22.

At the solar minimum phase, we observe a “noon bit out” type profile. The
first peak occurs at 09:00 LT and the second at 18:00 LT. The trough is observed
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Figure 2. Occurrence percentage of fluctuating activity days by phase (top panels) and
season (bottom panels) during sunspot cycles 21 and 22.
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Figure 3. Annual evolution of foF2 during solar cycles 21 and 22.

around 12:00 LT. One can see that the first peak named “morning peak” is more
pronounced than the second named “evening peak”.
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Figure 4. Diurnal variation of the critical frequency foF2 per phase during solar cycles 21 (con-

tinuous curve) and 22 (dashed curve).

During the ascending phase we have a “noon bite out” profile. The “morning
peak” is observed at 10:00 LT during cycle 21 and at 09:00 LT during cycle 22.
The “evening peaks” occur at 16:00 and 17:00 LT respectively at cycle 21 and 22.
At solar maxima, we note a “morning peak” profile. The peak occurs at 10:00 LT
and at 9:00 for cycles 21 and 22 respectively. Both profiles also present a trough
at 20:00 LT followed by a peak around 00:00 LT. One can see that from 09:00 LT
each curve shows a decreasing trend.

The decreasing phases are marked by “noon bite out” profiles; the morning
and evening peaks occurring respectively at 09:00 LT and 17:00 LT. The midday
trough is observed around 12:00 LT for each solar cycle.

It is important to note that for each phase and for each cycle, we have a deep
minimum in the morning at 05:00 LT. For our investigation, we can also note

that foF2 profile during cycle 21 is always above that of cycle 22.

3.4. Seasonal Diurnal Variation of foF2

Figure 5 shows the diurnal variations of the critical frequency foF2 for different
seasons during two solar cycles: continuous curves for the cycle 22 and the dot-
ted lines for cycle 22.

We can remark that all the seasons are characterized by a “noon bite out” pro-
file.
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Figure 5. Seasonal diurnal variation of the critical frequency foF2 during solar cycles 21 (con-
tinuous curve) and 22 (dashed curve).

During winter the morning peak occurs at 10:00 LT and the evening peak
around 17:00 LT. Both peaks are asymmetrical; the morning peak is higher than
the evening peak. The midday trough, observed around 12:00 LT is less pro-
nounced.

In spring the peaks are symmetrical. The morning peak occurs at 10:00 LT
and the evening peak at 17:00 LT. The trough occurs between 11:00 LT and
14:00 LT.

During summer, the peaks occur respectively at 09:00 LT ant 17:00 LT and the
midday trough is observed between 11:00 LT and 16:00 LT. The peaks are
asymmetrical; the evening peak is higher than that of the morning.

Peaks are also asymmetrical in autumn; the morning peak (09:00 LT) being
more important than the evening one (16:00 LT). The midday trough occurs at
12:00 LT. The autumn profiles present a trough 20:00 LT followed by a peak at
21:00 LT. Autumn is the only season where a night peak is observed.

Winter and summer curves show that the temporal values of foF2 are higher
in winter than in summer. During equinoxes (spring and autumn) the profiles
are almost similar and the values almost equal. From sunset (18:00 TL), all the
curves decrease but the phenomenon is more important in summer, compared

to other seasons.
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4. Discussion

The evolution of the annual values of the critical frequency foF2 during the
fluctuating activity is a function of the solar cycle phases. During the solar cycle,
it increases from the minimum phase to the maximum and decreases from the
maximum to the decreasing phase.

foF2 temporal variations over the solar phases show “morning a peak” during
each season. In addition, the minimum, increasing and decreasing solar phases
are characterized by a “noon bite out” profile. This testifies to the permanent
presence of a strong electrojet in the morning. However, the counter-electrojet is
only observed during the other solar cycle phases except during the maximum.
Except the solar maximum period, the midday trough is observed during the
other solar phases. We can deduce that the fluctuating activity disturbs the as-
cending drift when the solar activity is maximal.

Only the maximum phase is marked by the signature of the pre-reversal en-
hancement (PRE) of the electric field. The phenomenon is indicated by the night
peak during this phase. These observations are in agreement with those made by
[22] who noted the presence of increased PRE during the entire solar maximum.

All the seasonal diurnal profiles are “noon bite out” type. The midday trough
is observed for all the seasons between 14:00 and 16:00 LT. These two observa-
tions show the permanent presence of the electrojet (in the morning) and the
counter electrojet (in the evening) and the vertical drift signature during the day.
Many authors: [24] [25] [26] [27] showed the seasonal dependence of the vertic-
al drift effect. [28] also noted the effect of drift during all seasons under quiet ac-
tivity conditions. A comparison with the present observations thus shows that
the fluctuating activity has no particular effect on the seasonal properties of the
vertical drift E x B.

The effect of the pre-reversal of the electric field is observed only during au-
tumn. This pre-reversal phenomenon during autumn is a feature of the effects of
fluctuating activity [28].

A simple comparison between the different profiles shows that ionization is
more important in winter than in summer. But at the equinoxes the ionization is
nearly similar. It can therefore be deduced in agreement that under the fluctuating

activity conditions the density of the layer F2 has equinoctial properties.

5. Conclusions

This study has investigated on the critical frequency of the F2 layer of the io-
nosphere (foF2) during fluctuating geomagnetic activity using data from the
Ouagadougou ionosonde station for solar cycles 21 and 22. For Annual, diurnal
and seasonal variations behaviors of F2-layer interesting results have been
pointed out.

1) The annual variation shows that the ionospheric parameter foF2 evolves
according to the solar cycle phases.

2) The temporal variations as a function of the solar activity show the influ-

DOI: 10.4236/acs.2018.84029

442 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2018.84029

A. Diabaté et al.

ence of the fluctuating activity throughout the pre-reversal of the electric field
during the maximum solar phase.

3) The seasonal variations show that the fluctuating activity has no particular
effect on certain characteristics of the equatorial ionosphere such as electrojet
and vertical drift E x B. However, the increase of the electric field pre-reversal
phenomenon in autumn is a characteristic effect observed during the fluctuating
activity. This study also shows that foF2 values are higher in winter than in
summer; this means an increase in the electron density of the ionosphere in

winter compared to summer. At the equinoxes, ionization is almost similar.
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