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ABSTRACT

The paper focuses on Ouagadougou ionosonde statie time hmF2 variability during solar cycle mimim and
maximum and over seasons. Experimental hmF2 hase égtimated by means of IRI-2012 and TIEGCM fer th
years 1985 and 1990. It emerges from this studydhgtime peak amplitude is always superior to thfatighttime
during solar minimum for both models while durirmjas maximum nighttime peak is always higher foEGCM
and fairly the same for IRI-2012 for all seasonsept for June where it is the reverse. hmF2 foaisolaximum is
higher than for solar minimum. Equinoctial asymmes observed during all solar phases. The pre-posirise
peak is only observed in TIEGCM predictions. Theuah anomaly is only seen during solar maximumalbmod-
els. TIEGCM better expresses data quiet time viarathan IRI-2012 for this African EIA sector stati
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INTRODUCTION

In African sector the IRI (International Referenoaosphere) responses have been investigated dheBthe 2007
version investigation [3] shows that its resporfeegoF2 time variations need to be improved sioneone end the
trough observed around midday is not so deep asisesxperimental time profile and on the otherdh#RlI-2007
does not predict the night peak due to the sigeatfithe Pre-reversal enhancement of ExB drift cigjd4]. The
present paper aims is to analyze a new versioRloié. IRI-2012 responses through hmF2 time vamiest At the
same time we compare IRI-2012 predictions to thasS&IEGCM (Thermosphere lonosphere Electrodynamics
General Calculation Model). TIEGCM has been integlsi used for ionosphere and thermosphere study1]5-
during this decade and that usually not for Africmetor. Recently TIEGCM model predictions for Cagaugou
station has been analyzed [12] and it is found ti@imodel does not reproduce the morning peakrobdén expe-
rimental NmF2 time profile while the second expesittal peak is more matched. The reversal time Iprifibetter
reproduced by the model.

This work investigates the seasonal and low antl baar activity hmF2 time variations carried oytIRI-2012
and TIEGCM for Ouagadougou station (lat: 12.4° dfid : 358.5°E, dip: 1.43° for 2013) under quistmagnetic
conditions. The comparison between the both modetdso made. We firstly succinctly describe thedeicand
secondly present and discuss the result and thiatiglude.
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MATERIALS AND METHODS

2.1 Data

The data used are: (1) the propagation factor MBe®), the critical frequencies of F2 and E laydr®oagadougou
(lat: 12.4° N; long : 358.5°E, dip: 1.43° for 201s3ation, (2) the daily values of the geomagnetitek aa computed
by Mayaud[13-14] and (3) the sunspot number Rz.

M(3000)F2 values are taken from http://www.ips.gavPSHosted/INAG/web-73/index.html, the daily mesn
value (Aa) and the sunspot number Rz can be fotr8P¥DR web site. The critical frequencies are led by
Telecom Bretagne.

2.2IRl and TIEGCM models

IRI model is the reference model of lonospherec&iits creation, it has been improved up to oltgimow the
version 2012.The improved model is given to thersisvery five years [15]. Two principal subprogra@GIR

(Comité Consultatif International des Radio commations) [16-17] and URSI (Union Radio Scientifigaéerna-
tionale) [18-21] are destined to reproduce mairapeeters of ionosphere. IRl is used to: (1) concekgerimental
measures; (2) estimate ionospheric environmentstardfects and at last (3) validate differentdahe hypotheses.
This model is independent from theoretical hypotsest is built by taking into account confirmedpeximental
results [22].

The Thermosphere-lonosphere-Electrodynamics Ge@@ralilation Model (TIEGCM) is developed by HightiAl
tude Observatory (HAO) at the National Center foméspheric Research (NCAR). It is a global thrematisional
numerical model that simulates the coupled therimesgionosphere system from ~97 km to ~600 knuakit[23].
Dickinson et al. [24-25] and Roble et al. [26] deyed the original version of the model i.e. Thesploere General
Circulation Model (TGCM) [23]. According to Qian at. [23] three subsequent major developments \{Er¢he
coupling of the ionosphere to the thermospherehiem Thermosphere-lonosphere General Circulation Mode
(TIGCM) [27-28]; (2) the implementation of self-caistent electrodynamics in the Thermos-
phere-lonosphere-Electrodynamics General Circulakitodel (TIEGCM) [29-30] and (3) extension downwaaod
include the mesosphere and upper stratosphere ifittermosphere-lonosphere-Mesosphere-Electrodysa@eo-
eral Circulation Model (TIME-GCM)[31-32]. The pregestudy concerns TIEGCM model predictions.

2.3Methodology

For the determination of F2 layer peak height (hmk& follow Hoque and Jakowski [33] method thas lheen
originally given by Radicella and Zhang [34] whadDudeney [35-36] formula. As we have experimedédh of
foF2 and foE (this value is always not equal toozir our case), Hoque and Jakowski [33] formulaoies:

hmF2 = 22" _ 176 with AM = fopozi— 0.012 and MF =M /M In these equations foF2 and
M+AM oF ~1.215 1.2967 M%2-1

foE are the critical frequencies of F2 layer anthfer, respectively. M is the propagation factor3®O)F2. It is

important to note that we do not calculate the @slaf foE as it has been done by Hoque and Jakd@8kbut the

values are coming from our data base.

hmF2 time variation is carried out under quiet ticomditions given by Aa inferior to 20 nT. The midgthmF2 is
obtained by averaging the five quietest daily valoEhmF2 in a considered month. Table 1 givegythietest days
involved in the present study.

IRI-2012 hmF2 values are obtained by running th@memmodel through the web site:

As according to the previous work [3], the subroeitiJRSI predictions are better than those of C@hRrefore
URSI predictions are used here.

TIEGCM hmF2 values are computed and back up vizdneputing service of High Altitude Observatory (BAat
National Center for Atmospheric Research (NACAR)isThas been done during our stay at HAO. Aftelirgakip
the data we elaborated our owner Matlab scriptdghetts the model predicted values plotted here.
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Table 1 : The days involved in the study

Solar cycle phase five quietest days

Months Solar minimum Year 1985 | Solar maximum Year 1990
March 11 19 20 21 23 4 10 16 17 3
June 1 3 12 14 16 16 17 20 21 3

September 1 2 3 27 29 2 38 21 29 3
December 20 22 24 25 28 10 11 19 21 2

© OO F

hmF2 predicted values are compared with those B§GOM during solar minimum and maximum. Solar cycle
phases are determined as follows [37]: (1) mininplrase: Rz< 20, where Rz is the yearly average Ei8imspot
number and (2) maximum phase: Rz>100 [for smalrsoycles (solar cycles with sunspot number maxinfRm
max) less than 100) the maximum phase is obtaigembbsidering Rz> 0.8*Rz max]. For this paper wesidered
solar cycle 22 and particularly 1995 as solar mimimyear and 1990 as that of solar maximum.

The prediction time variations are analyzed acewydo different seasons. Our seasons are wintevgidber, De-
cember, and January), spring (February, March gmil)Asummer (May, June and July) and autumn (Atg8ep-
tember and October). We chose March as spring m@aptember as autumn month, June as summer moath a
December as winter month. Equinoctial months arechland September and solstice months June andvibece

RESULTS AND DISCUSSION

Figure 1 concerns solar minimum and figure 2 solakimum. Panels a are devoted to equinoctial mcentldspa-
nels b to solstice months. Left panels a and b shik2 time variation for March and June, respebtivRight

panels a and b exhibit the variability of hmF2 &sptember and December, respectively. Blue cureesern data,
IRI-2012 predictions are given by red graphs whike green graphs are devoted to those of TIEGCM.

The all predicted graphs of the figure 1 exhibitndoprofile with more or less high nighttime peakeTexperimen-
tal curves show in March and September plateaul@rafid fairly dome profile in June and DecembeataDgraphs
shows in June and solstice months a pronounceduymgse peak and more or less pronounced nighfiea&. June
nighttime peak is the highest. It can be obserbatl anly TIEGCM hmF2 time profiles show the preissm peak
as data time profiles.

For all seasons TIEGCM better predicts experimetitad profiles except between 1200 LT and 1700 LAere
IRI-2012 better predicts.

In equinox (panels a), we observe the asymmetithénhmF2 time profile morphology for all predictadd data
curves. This has been also observed in CODG TEh&sd at Niamey (Geo Lat 13°28'45.3”"N; Geo long:
02°10'59.5"E) [3] and has been attributed to Mcpbemechanism.

Based on the existence of the linear relationsbipvben F2 layer peak height and the scale heigtiteo$ame layer
[38] we can assert that the morning peak obseméduriF2 is the shape change of electron profile yced by the
solar production at higher altitudes [39]. As thesak is only observed in TIEGCM predictions, it ¢enconcluded
that IRI-2012 does not reproduce the solar prodaatiffect in equatorial sector during solar cyci@eimum. Com-
paring our results with these of the study of Lad Reinisch [38] this effect is smallest in Africaactor than in
American sector except during December where tiiésreverse. The nighttime peak observed in alipted and
data graphs is due to the pre-reversal enhanceshé&xB drift velocity [40-41]. The same thing isalseen in scale
height time profile by Lee and Reinisch [38]. Thex@o annual anomaly because hmF2 in June (sunisieigher
than in December (winter). This situation is aléserved by Zhang et al.[42] in hmF2 time variatibhe decreas-
ing of hmF2 observed in TIEGCM predictions and eipental data time profiles after sunrise is redate rapid
production of ionization in the lowest F region [48he decreasing in TIEGCM and data profiles iseed be-
tween 0500 LT and 0700 LT while Zhang et al. [4Berved this situation till 0800 LT. We do not alvgel here
the “W” or “V” time profiles as Zhang et al. [42]ebause our daytime peak is higher than the tworsthe
(pre-sunrise and post-sunset peaks)except in atagydaph (left panel b) .
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Figure 1: Quiet hmF2 time variations for solar minimum. Panels a concern equinox months and panels érfsolstice months
Left panels a and b are devoted to March and Juespectively and right panels a and b display Septr and December, respectively

In Figure 2, for all seasons, experimental hmF2axshat day time fairly plateau time profile while 012 hmF2
time profiles show double peaks with trough locat#d 500 LT- 1800 LT. Only in June (left panel hjstmodel
time profile expresses the first predominance p&dGCM time profiles also show double peak witbhugh at
1800 LT and predominance nighttime peak exceptiire Where the both peaks fairly have the same ardpli

Only the pre-sunrise peak is observed in TIEGCMilg®and data profiles for all seasons except aré#t where at
0600 LT data profile shows a trough and that of GGEV a peak. It can be seen that only in March tighttime
peak occurs in data time profile one hour latentirmmodel profiles. Between 1300 LT-1800 LT IRIZZ0well
expresses data variability and for the other tihesTIEGCM.
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Figure 2: Quiet hmF2 time variations for solar maximum. Panels a concern equinox months and panels @rfsolstice months
Left panels a and b are devoted to March and Jrespectively and right panels a and b display Septr and December, respectively

Solar maximum curve profiles are different to tho$esolar minimum as the nighttime peak is highemt that of
pre-sunrise in solar maximum and in solar minimuiis the reverse. This result is different to ttiet observation

at Jicamarca where daytime peak is always higt&jr

[3

March time profile amplitudes are superior to tho§eSeptember. It emerges that there is equinoasgmmetry
during solar maximum. Theoretical graphs of sodstitonth express the annual anomaly as December bmpk-
tudes are higher than those of June while this ahpia not present in the data time profile. Thawal anomaly is
more pronounced in TIEGCM graphs than in thoseRb2012. This annual anomaly is also pointed out@DG
TEC responses for this station [44] and at Koudousfation[45]. It is well known that this anomalyaynbe due to
the presence of more ionosphere in January thaulyn46].Many explanations exist [47-49] but cahegplain the

real amplitude of the annual asymmetry in all latés.

hmF2 is higher for the solar maximum than for tbiusminimum. This situation is also observed bydd et al.

[42]
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CONCLUSION

This study highlights that solar maximum hmF2 isa}s superior to that of solar minimum. TIEGCM potsiwell
Ouagadougou station hmF2. Equinoctial asymmetopgerved for all solar cycles. Daytime peak is nexgressed
than that of night during solar minimum and ithe reverse during solar maximum and this speci§idat TIEGM
predictions. For IRI-2012 predictions daytime paakplitudes are superior to those of nighttime dudnolar mini-
mum but during solar maximum the double peak (dag aand nighttime) are fairly the same amplitudeegx dur-
ing June where the day time peak amplitude is soptr the nighttime one. In experimental graphghttime peak
amplitude always is superior to that of day timeimy solar maximum. For solar minimum, March andelday-
time peak amplitudes are superior to those of tigbtwhile in September and December it is the nexe
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