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Abstract

This study deals with Peak of electron density in F2-layer sensibility scale
during quiet time on solar minimum. Peaks of electron density in F2-layer
(NmF2) values at the quietest days are compared to those carried out from
the two nearest days (previous and following of quietest day). The study uses
International Reference Ionosphere (IRI) for ionosphere modeling. The lo-
cated station is Ouagadougou, in West Africa. Solar minimum of phase 22 is
considered in this study. Using three core principles of ionosphere modeling
under IRI running conditions, the study enables to carry out Peak of electron
density in F2-layer values during the quietest days of the characteristic
months for the four different seasons. These parameters are compared to
those of the previous and the following of the quietest days (the day before
and following each quietest selected day) at the same hour. The knowledge of
NmF?2 values at the quietest days and at the two nearest days enables to cal-
culate the relative error that can be made on this parameter. This calcula-
tion highlights insignificant relative errors. This means that NmF2 values at
the two nearest days of each quietest day on solar minimum can be used for
simulating the quietest days’ behavior. NmF2 values obtained by running
IRI model have good correlation with those carried out by Thermos-
phere-Ionosphere-Electrodynamics-General Circulation Model (TIEGCM).
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1. Introduction

Ionosphere layer is an important site for radio waves reflection because of its
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composition in particles. This layer moves like a plasma and so, is electrically
neutral. Solar radiations hit the particles in this layer and causes ionization. Io-
nization of particles in ionosphere layer due to solar radiations creates electrons
and ions in the layer. Ionosphere composition in particles enables to determine
the critical frequency of radio waves frequency of transmitters. Critical frequen-
cy of radio waves is closely linked to the density of electron in the F2-layer.
Many works about ionosphere parameters determining have been done during
these last years [1]-[10]. The main purpose of these different studies is to carry
out ionosphere parameters for telecommunication, navigation, electrical distur-
bance predictions. Several models have been developed for ionosphere investiga-
tion. In previous studies, we used International Reference Ionosphere model,
Thermosphere-Ionosphere-Electrodynamics General Circulation Model, and
data [11]-[17] to carry out ionosphere parameters. The present study is focused
on the calculation of relative error on Peak of electron density in F2-layer values
at the limits of the quietest days for different seasons during solar minimum,
compared to those of the quietest days. In this work, we calculate the relative er-
ror value on NmF2. The study is based on quiet time variation of solar cycle 22
at Ouagadougou station and uses International Reference Ionosphere (IRI) model

for ionosphere investigation. 2012-version of IRI is used to run the model.

2. Methodology—Fundamentals

In this study, the minimum year (1985) of solar cycle 22 is considered for Peak
of electron density in F2-layer behavior. Ionosphere modeling using IRI study is
focused on the following three core principles: 1) The characteristic months are
March, June, September and December for spring, summer, autumn and winter
respectively. 2) The five quietest days of each characteristic month are used. 3)
Solar minimum is characterized by sunspot number Rz < 20 and Aa < 20 nT.
During quiet time conditions, the five quietest days characterize the whole
month in each season. We consider the two nearest days (previous and following)
of each quietest day in the characteristic month as the boundaries. Ouagadougou
is located in West Africa. The following input parameters are used for running
IRI model during solar minimum at the station: Year = 1985, Longitude =
358.5°E, Latitude = 12.5°N, Height = 500, Stepsize = 1. With above input para-
meters, NmF2 time values are obtained on “List Model data”. These values are
exported in an Excel file for plotting.
Table 1 highlights the five quietest days selected in each season on solar minimum.

3. Results and Discussion

Figures 1-4 present NmF2 time variation carried out by running IRT model under

Table 1. Retain days during solar minimum (1985) of cycle 22.

March June September December
9,13,21,22,25 3, 14, 16, 18, 19 2,3,4,5,29 8,9,21,23,29
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Figure 1. NmF2 time variation on March 1985.
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Figure 2. NmF2 time variation on June 1985.
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Figure 3. NmF2 time variation on September 1985.
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Figure 4. NmF2 time variation on December 1985.
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its 2012-version for the retain days previously found in Table 1. On each figure,
we present NmF2 time profiles on five different panels. Each panel highlights
NmF?2 time variations for three days that are the quietest day, the previous and
the following day.

Relative error on Peak of electron density parameter in F2-layer is calculated

by the following Equation (1):
ANmF2, |NmF2, (D)-NmF2, (D 1)

NmF2, NmF2, (D) W

In Equation (1), NmF2,(D) is the Peak of electron density value at i hour for
D-day. D-day is the quietest day. (D#1) are respectively the previous (D — 1)
and the following (D + 1) day of the quietest day. i€[0,24]. The step for i val-
ues variation is 1.

Calculating the relative error on Peak of electron density in F2-layer for Fig-
ures 1-4 corresponding to March (spring), June (summer), September (autumn)
and December (winter) gives the following ranges:

On March 1985:

ANmF2.

€10%,4% 2
NmF2, [0%.4%] @)
On June 1985:
ANmF2.
S e [0%,2%] (3)
NmF2,
On September 1985:
ANmMF2.
S € [0%, 4%) (4)
NmF2,
On December 1985:
ANmMF2,
S e [0%,1%) (5)
NmF2,

ANmF?2.
The range of 2T
NmF2

4%. Peak of electron density in F2-layer values vary slightly from the quietest

variation given by (2), (3), (4) and (5) is inferior to

day to its two nearest selected days. This means that NmF2,, ~ NmF2, ~
NmF2p,, at the same time Calculated relative error at each hour between the
quietest day and its two nearest days is inferior to 4% for NmF2. However,
NmF2 value is a multiple of 10° cm™. In each panel, a variation of 4% is insensi-
ble on NmF?2 value. This enables to conclude that a 4% variation on NmF2 does
not influence measurably Peak of electron density in F2-layer. So, using NmF2
value at the nearest days of quietest day doesn’t introduce a sensitive error on
this parameter.

4. Conclusion

In this study, Peak of electron density in F2-layer parameter is carried out by the
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use of IRI model. The study highlights insignificant relative errors on NmF2 car-
ried out from the quietest days on solar minimum of phase 22 at Ouagadougou
station. This means that using NmF2 values at the nearest days of each quietest
day instead of those of the quietest day doesn’t introduce significant error. The
contribution of this study is the possibility to neglect the relative error on Peak
of electron density in F2-layer parameter due by considering the value of this
parameter at the limits of each quietest day on solar minimum at low latitudes.
This means that we can use either NmF2 carried from the quietest day or those
from the nearest days to characterize the quietest day behavior. For a next study,

this method will be applied to NmF2 variability on solar maximum.
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