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Abstract

The present paper deals with the effect of recurrent activity on the foF2 diur-
nal variation at Ouagadougou station for solar cycles 21 and 22. The recur-
rent activity produces at daytime positive storm for all solar cycle phases. For
all seasons, the recurrent activity causes positive storm during nighttime and
has no effect during daytime. From this study, it emerges that a positive effect
of the storm at this station may be explained by the thermospheric composi-
tion changes. Recurrent activity more occurs during the solar decreasing
phase and during spring month. The storm strength shows solar cycle phase
and seasonal dependence. The storm strength is the highest during the solar
increasing phase and during summer months.
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1. Introduction

An interaction between magnetized plasma propagating from the Sun and mag-
netic fields in the near-Earth space environment causes a global magnetic distur-
bance namely geomagnetic storms [ 1] which are due to geomagnetic activities.
Legrand and Simon [2] studied and classified the geomagnetic activity by us-
ing 1) the geomagnetic aa index carried out by Mayaud [3] [4], 2) the date of
Sudden Storm Commencement (SSC) and 3) the correlation existing between
the geomagnetic aa index and the solar wind speed established by Svalgaard [5].
Their four classes are: 1) quiet magnetic activity due to slow solar wind; 2) re-

current activity related to high speed solar wind streams coming from coronal
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holes; 3) shock events with SSC caused by Coronal Mass Ejections (CMEs) and 4)
fluctuating activity due to the fluctuation of the solar neutral sheet. Richardson
and Cane [6] also found the same number of the geomagnetic classes. But they
named the fluctuating activity as the unclear activity which characterized the
cases where the solar mechanisms cannot be clearly identified.

It is well known that the F layer depends on: 1) the sunspot cycle [7] [8]; 2) the
Sun-Earth relative position at the origin of the seasonal variation and equinoctial
maxima [9] [10]; 3) the solar wind speed [11] [12] and the shock activity [13].

The statistical study of the foF2 diurnal variation at Ouagadougou station (Lat:
12.4°N; Long: 358.5°E; dip: 1.43") has been carried for the all geomagnetic activ-
ities [14]. Here, we focus our attention to a careful investigation on the F2 layer
critical frequency (foF2) time variation at the same station when occurs the re-
current activity. This research is made after that of Gyébré et al [15] which
treated the different types of the shock activity impacts on foF2 time variation.
The novelty of this study appears as it is a first paper where such statistical study
is made. It is important to note that Rodriguez-Zuluaga et al [16] also investi-
gated the impact of this type of activity in the lower ionosphere but focus their
attention on the role of the Interplanetary Magnetic Field (IMF) B, oscillation
frequency. The interplanetary conditions and the magnetosphere state have been
also visited to investigate recurrent events that produce recurrent geomagnetic
storms or activities [17] [18]. In this work, the recurrent activity frequency is
carried out during the solar cycles 21 and 22. The seasonal and the solar cycle
phases dependence of the foF2 diurnal variation under the recurrent activity are
investigated.

Section 2 concerns materials and methods. Section 3 is devoted to results and
discussions. Finally, we conclude by presenting the main results and highlighting

the research perspectives.

2. Materials and Methods

The storm effect on ionosphere or ionospheric storm is associated with geo-
magnetic storm [19] [20]. It is well-known that geomagnetic storms show solar
cycle phase and seasonal dependence [21] [22]. Therefore, we focus our inten-
tion on how the ionosphere F2 region of the African Equatorial Ionization
Anomaly (EIA) sector reacts to the geomagnetic activity and principally reacts to
the recurrent activity? We consider for our investigation, the solar cycle phases
and the seasons dependences and analyse the profile with respect to the classifi-
cation of Fayot and Vila [23].

2.1. The Criteria for Determining the Solar Cycle Phases

For the solar cycle phases determination, we use the following criteria [24]: 1)
minimum phase: Rz < 20; 2) increasing phase: 20 < Rz < 100 and Rz greater than
the previous year’s value; 3) maximum phase: Rz >100 [for weak solar cycles

(solar cycles with sunspot number maximum (Rz_,,,) less than 100) the maxi-
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mum phase is obtained by considering Rz > 0.8 * Rz, ]; and 4) decreasing
phase: 100 = Rz > 20 and Rz less than the previous year’s value. In these previous

inequations, Rz is the yearly average Ziirich sunspot number.

2.2. The Criteria for Determining the Seasons

As many researchers [9] [10] [22] found seasonal dependence of F2 layer during
geomagnetic storm, we examine the seasonal effects on the foF2 time profiles
under the recurrent activity. The seasons are classified as follows: winter (De-
cember, January and February), spring (March, April, May), summer (June, July,
August) and autumn (September, October and November).

2.3. The Method for Determining the Recurrent Activity

The recurrent event is one of the three solar events (High speed solar wind
coming from solar coronal hole, CMEs and fluctuating solar wind speed due to
the fluctuation of the solar neutral sheet) that are able to provoke the geomag-
netic storm (a phenomenology of a middle- and low-latitude-geomagnetic varia-
tions and quantified by the disturbance storm time (Dst) index [24]. For study-
ing the geomagnetic storm, we use a pixel diagrams as done by Legrand and Si-
mon [2]; Gyébré et al. [15] and the references with this method therein. A pixel
diagram is carried out by selecting the geomagnetic data as a function of the so-
lar activity as described by solar rotation (27 days) [2]. We do not describe the
method used for getting a pixel diagram but suggest to the readers to detailed the
works of OQuattara and Amory Mazaudier [14] and Gyébré et al [15]. As in the
present paper, only are interested the geomagnetic storms due to recurrent ac-
tivity, we describe the method used to determine by means of a pixel diagram
the geomagnetic storms generated by these activities. Keeping in mind that a pixel

diagram (Figure 1) is an adopted colour codes that help to define a geomagnetic

Reccurent days

aa (nT)

Figure 1. Recurrent activity days shown in the pixel diagram of year 1983.
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activity intensity. According to Legrand and Simon [2] and Ouattara and Amory
Mazaudier [14] the recurrent activities are shown by several days (more than
one) with merging or not orange, red and olive red colours during two or more
Bartels’ rotations. These colours correspond to a daily aa (Aa) values superior or
equal to 40 nT. By using the pixel diagrams of the solar cycles 21 and 22, we have

173 recurrent days.

2.4. The Method for Analyzing the Data

Our data will be analysed into three ways: the first one is the electrodynamic
point of view. In that case, the storm foF2 profiles are analysed by comparing
these profiles to those of a five typical foF2 time profiles in African EIA (Equa-
torial Ionization Anomaly) sector [the noon bite out profile or “B” profile ex-
presses by two maximum peaks with a trough around midday in foF2 time pro-
file, the morning peak profile or “M” profile shown by a presence of a peak in
the foF2 profile before midday, the dome profile or “D” profile shown by a
maximum peak around midday, the plateau profile or “P” profile shown by the
constant values of foF2 during two or more consecutive hours. In that case mid-
day is included and the reverse profile or “R” profile where foF2 profile presents
a peak after noon, [23]]. These profiles have been recorded to the equatorial io-
nosphere electric currents (equatorial electrojet and equatorial counter electro-
jet) strength, presence or absence, by reference to the electric current day-to-day

time variation under the quiet time condition [25] [26].

The second one is the qualitative appreciation of the storm effects. Therefore,
storm time foF2 and quiet time foF2 are plotted together and the deviation ob-
served in storm foF2 with respect to quiet foF2 induces the storm impacts. The
storm effects in foF2 time variation is appreciated by showing error bars (The

error bars applied are carried out by means of o =~/ where the variance Vis
1 -

defined by —Z{\il(x,. —x)2 with ¥ mean value and N the total number of
N ="

available data). With respect to error bars, the storm impacts are estimated in
term of positive or negative storm. For their definitions see [19] [21] [22] and
the all references therein.

The third one is the estimation of the storm strength. For the definition of the
storm strength, we follow that of Vijaya Lekshmi et al [22] by using the storm
time deviation AfoF2, ., . But here, AfoF2
AfoF2, ,, = foF2 —foF2

value of F2 layer. According to these authors the storm strength is the maximum

houly 18 defined as follows:

where foF2 is critical frequency

storm hourly mean quiet hourly mean

positive value of AfoF2
value of AfoF2

houty 10T the positive storm and the maximum negative

houty fOT the negative storm.

3. Results and Discussions

Figure 2 highlights the occurrence of the recurrent activity. The panel a con-

cerns the solar cycle phases dependence and the panel b that of the seasons.
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Figure 2. Recurrent activity occurrence variability during solar cycle phases (panel (a)) and seasons (panel (b)).

It can be seen from this figure that the recurrent activity more occurs during the
solar decreasing phase with 71.67% of the global activity. This result has been
previously noted by Zerbo et al [27]. This situation can be explained by the fact
that during the solar cycle decreasing phase, it emanates from the Sun coronal
holes the high-speed solar wind streams responsible for the formation of the
Corotating Interaction Regions (CIRs) by interacting with slow solar wind [18]
and constitute the sources of the recurrent activity [2]. Also the number of solar
active events such as solar flares, CMEs, etc., increase seriously during the de-
creasing phase of a cycle. The panel b shows that there is more recurrent activity
during spring month with the occurrence of 41.04%. This result expresses the
equinoctial asymmetry of the seasonal occurrence of the recurrent activity.
Whatever the solar cycle phase it can be seen in Figure 3 that storm time pro-
files and quiet time profiles show the same behaviour during daytime. As here,
the time profile shows a statistical time variation of foF2, the analysis of the
smoothing steps in foF2 profiles is out of the scoop of this paper because it is not
a case study. For analysing storm effects on foF2 time profile, we will focus our
attention on ExB drifts because on one hand, foF2 time profile expresses the
signature of the ExB [28] [29] and on the other hand, according to Fejer [30]
during storm time, ExB drifts are affected by 1) the prompt penetration of mag-
netospheric convection electric fields; 2) the longer-lived dynamo electric fields
[due to the disturbance neutral winds] and 3) storm related changes in ionos-
pheric conductivity [30]. Buonsanto [31] shows that at daytime, during storm
time, the prompt penetration of magnetospheric convection electric fields in-
duces the upward vertical drift perturbation and the disturbance dynamo pro-
vokes the nearly opposite downward vertical drift perturbation. At daytime,

based on the same type of foF2 profile (a noon bite out profile) observed during
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Figure 3. Solar cycle phase impacts on foF2 diurnal variation under quiet activity (solid curve) and recurrent activity (dashed
curve). The panel (a)-(c) and (d) concerns the solar minimum, increasing maximum and decreasing phase, respectively.

quiet time and storm time, it appears that the above two mechanisms produce
the opposite effects on foF2 time profile. Consequently, it seems to appear that
the quiet time equatorial F2 region electrodynamic is not affected by the recur-
rent activity.

At nighttime during solar increasing and decreasing phases the storm profiles
show a night time peak that expresses the signature of the reversal electric field
in this latitude (Fejer, 1981 and Farley et al, 1986). It can be deduced from this
result that recurrent activity induces the electrodynamic process that reverses the
electric field at night time in this latitude during all solar cycle phases except for

during the solar cycle decreasing phase.
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With respect the error bars shown in quiet time graph of each panel of Figure
3, we can assert that in general at daytime (0800 LT - 1600 LT), night time (2000
LT - 2400 LT) and before sunrise (0000 LT - 0300 LT) recurrent activity causes
positive storm [storm time foF2 values are superior to those of quiet time [32]]
which is produced at this latitude by the thermospheric composition changes [19]
[22]. According to Prélss and Jung [33] and Balan et al [34] the mechanisms
that produce a positive storm in low and mid latitudes are the recombination
processes and the downward diffusion of the plasma by the mechanical effects of
the storm-time equatorward neutral winds. It can be added to these above me-
chanisms the enhanced eastward prompt penetration electric fields [35] [36].
Vijaya Lekshmi et al [22] pointed out that, on one hand, only neutral winds can
produce the positive storm at low latitude and on the other hand, the winds and
the eastward prompt penetration electric fields together are able to produce pos-
itive storms at low and mid-latitudes. A positive storm can be also explained by
F2-layers uplifting which is due to EXB drift-induced [37]. By considering the
same behaviour of foF2 time profiles, we can assert at this station, the positive
storm is produced by thermospheric composition changes. It can be noted that
Gyébré et al. [15] by studying CMEs impact on F2-layer at Ouagadougou station,
show that the storms due to CMEs also provoke positive storm. But the main
difference between CMEs storms and recurrent storms impact is that CMEs
storms modify F2-layer quiet time electrodynamic by producing positive and
negative storms.

Figure 4 treats the diurnal variation of foF2 during all seasons under quiet
and recurrent activities.

At daytime, except summer season where around noon foF2 storm time pro-
file shows a peak which modifies the signature of EXB (it consists of producing a
trough around midday in foF2 quiet time profile), the recurrent activity does not
modify the quiet time electrodynamic processes because both quiet time and
disturbed time profiles show the same behavior. At night time, we observe in the
storm time foF2 time profile a peak that expresses the signature of the reversal
electric field at 2100 LT during winter (panel a), 2200 LT during autumn (panel
d) and 2300 LT during summer (panel b) and spring (panel c) of Figure 4, re-
spectively.

By taking account the error bars, it can be retained that recurrent activity im-
pact is observed at night time. In general, a positive storm is observed after 2200
LT and between 0000 LT and 0200 LT. This impact is more pronounced during
summer. This shows the equinoctial asymmetry of the storm action.

When we analyze Figure 3 and Figure 4, one can assert that:

For the solar cycle phase dependence (Figure 3), we have:

1) storm strength > storm strength

increasing phase minimum phase >

2) storm strength > storm strength

minimum phase decreasing phase >

and

3) storm Strengthdecreasing phase > storm StrengthmaXim‘lm phase *
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For the seasonal dependence (Figure 4), we can note that:

1) storm strength
2) storm strength

autumn
and
3) storm strength

spring

> storm strength

summer

> storm strength

> storm strength

autumn

spring >

winter *

The above solar cycle phase and seasonal dependence can be seen in Table 1.
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Figure 4. Seasonal impacts on foF2 diurnal variation under quiet activity (solid curve) and recurrent activity (dotted curve). The
panel (a)-(c) and (d) concerns winter, summer, spring and autumn season, respectively.

Table 1. The storm strength solar cycle phases and seasonal dependence and seasonal.

The solar cycle phases dependence of the storm strength Minimum Increasing Maximum Decreasing
@ max AfoF2, . in MHz 2.607 4.670 2.270 2.300
The seasonal dependence of the storm strength Winter Summer Spring Autumn
® max AfoF2 in MHz 1.443 6.227 1.774 2.203

Hourly
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Table 1(a) shows that for solar cycle dependence, the maximum strength occurs
during the solar increasing phase and for seasonal dependence, the maximum

storm strength occurs during summer season (see Table 1(b)).

4. Conclusions

The occurrence of the storm shows that recurrent storm mostly occurs during
solar decreasing phase and during spring month.

The analysis of the foF2 profile under recurrent and quiet activities at Ouaga-
dougou station shows that, at daytime, the recurrent activity does not modify the
quiet time electrodynamic of F2-layer at this station but induces the thermos-
pheric composition changes. The recurrent activity produces a positive storm
during each season and during each solar cycle phase. For solar cycle phases de-

pendence, the present study points out that:
1) storm strength > storm strength

increasing phase minimum phase >

2) storm strength > storm strength

minimum phase maximum phase >

and

3) storm strength > storm strength

maximum phase decreasing phase >

For seasonal dependence, it can be retained that:
1) storm strength > storm strength

summer autumn

2) storm strength > storm strength

autumn spring >

and

3) storm strength > storm strength

spring winter *
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