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Abstract

The efficacy of electron drift perturbation varyingvith height according to
exponential variation of the form:
W=W; exp (-bz)
has been verified for conditions at sunrise, appigi data derived from
ionosonde records at Ibadan, an African equatorisiation. Results indicate that
equatorial F-region drift stabilization is signifiantly enhanced if the value of the
exponential constant is set at 0.21.

1.0 Introduction

Assessing the framework and concepts of the dyranpmcesses of the upper atmosphere has remaipéchlt
amongst workers across the globe in recent timedc&k and Evans [1] had carried out a study onefifects of
geomagnetic disturbances on neutral winds and teatye in the thermosphere at locations near tlokelatitude. Studies on
modelling the low-latitude ionosphere over the Biaz equatorial region was also reported by Batedtal [2].

Fejer et al [3, 4] presented some of the most cehwasive reports on seasonal, solar cycle andtiahgal effects on
quiet time equatorial F- region vertical ion driftsing IDM data from the AE-E satellite. On theeathand, Somoye et al [5]
gave a detailed review of the variability of

equatorial/low-latitude F-region characteristicéhn@mphasis on the most general results reportéeeifiterature.

Numerical modelling study of vertical and horizdrdaft measurements have however, remained sprtee African
equatorial zone of the ionosphere. In this studg,imtend to attempt testing the perturbation pattefrF-region drifts at
sunrise, using data derived from the Ibadan (Néjeséctor of the equatorial ionosphere.

2.0 Some relevant theoretical highlights.

There is abundant evidence of vertical drifts efceions in the F region heights of the equatodabsphere at sunrise
and also during the daytime. The electron drifts generally believed to be upwards during the dalydownwards during
nighttime. The upward drifts imply that electrome aarried into a region of lower recombinationftiont. If the transport
of ionisation is assumed to be due to verticak dfifelectrons, then the effect of the transpamnten the continuity equation
at both sunrise and daytime periods is to causgedse in the rate of electron loss.

Drift of electrons which results in the transpdrianisation is caused by three major mechanisms.

€)) plasma diffusion
(b) drag due to neutral atmospheric gas motion
(c) drift motion due to applied electromagnetic action.

Following Ferraro [6], the electron density contiguequation for the case when transport of iomisais caused by
vertical diffusion in the Earth’s magnetic field ynbe written as:

N b,€e” 2|62N+( HJON+HN
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where H (& is the scale height of the diffusing plasma anthéssame as the electron density scale heightis that of the

ionisable constituent which is regarded as the umdin which the plasma is diffusind), is the number density of the

ionisable constituent at the level of peak producfor overhead sun. For a plasma dfadd electrons diffusing through O

atoms,b may be written [6, 7] as:
T 3/2

b= 171x10" ——
T +187

1
where T is the temperature which is assumed uniform evieeya. For an isothermal atmospheké,= E H (e) SO that:

N _ 4 BN +171x107 . -
ot T +187n,H 022 20z 2

The conditions at Ibadan are however considerabtpldied due to the small value of the magnetip ¢~ 6.0°S). The
diffusion term may be written following Iheonu a@yekola[8] as:

2
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where the factoid(z) = d,e” is the plasma diffusion coefficient, which increasvith the normalised heighz,, d, is a

N
constant, and the geomagnetic dip. At low latitudes, verticagrha diffusion is inhibited by geomagnetic fiele%;— is
z

d°N 1
approximately zero and for a Chapman IayslT =-—
V4

2

Numerically,sif (1)=0.0076, [8], so that the effect due to thetdbmtions of diffusion is very small, and hence iffusion
term, may be ignored generally, in treating tramspbionisation in the F-region near the magnetijciator.

The continuity equation may also be rewritten vaitmovement terniM equal to the contribution from ambipolar diffusion
of the ionisation, for an isothermal atmospherglgeting the variation of gravity with height). Thu

Z—T—qoexp( z/H)-B,N, exp(-kz/H)
d N 3 dN N
2h dz 2H2
Here, it is assumed that the atmosphere is predortijncomposed of an ionisable constituent witHesbaight H |, the
ion or electron production ratg and the vertical ambipolar diffusion coefficiel having valuesQ, and DO at height
z=0
The constark , representing the rate of decrease with heighhefionisation loss coefficient, must be greater than

unity to give a layer in which the density increasdth height from its lower segment. It is therefgrobable that this is
proportional to the density of some minor molecualanstituent of the atmosphere.

3.0 Model fundamentals

Generally, the most fundamental equation for maatgthe F-region is the continuity equation forattens given by:
AN (ht)

o= 4(hx)-L(N)- M 1)

where N(h, t) is the electron density at heighnht at time t; q(hx) is the rate of electron production per unit voum
and is s function of both height and solar zenigtashcex.

The electron production rate is estimated from ‘{@han theory” (Chapman, [9, 10]; also lheonu andkois [8]); the
loss rate, L(N) is a function of electron density.

In an attempt to understand the behaviour of thegdien, it seems reasonable to suppose that tegdos is probably
attachment — Il type and may be writie(h)N [11], where the loss coefficief(h) is a function of height but independent of
N. The electron rate per unit volume denoted bysimabol M is normally outwards at sunrise.

It should however be pointed out that the transggorm is quite a general one, covering the effettiffusion,
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ionospheric winds, the change of temperature akasetlectrodynamic drift, vertical or horizontaPf 13].

Recall that primarily, the subject of our concemthis work is vertical electrodynamic forces whicteate drift
irregularities at the F-region of the ionospheree Wus consider testing an equation describingettistence of a drift
velocity whose magnitude is height — dependentraiicg to exponential variation at sunrise.

Basically, the electron density continuity equatixpressed by equation (1) above may take the form:
T = q(hy) —BN(h,B) - div (Nw) )
where div. (Nw) is a function representing electh@msport processes, with drift velocity vectémve limit ourselves to

the case of vertical transport, our basic equg@ymecomes

ON (h, da

2D =g (hx) - BN (ht) = - (Nw) @3)

where w is the vertical electron velocity and zthe reduced height in the vertical coordinate.c8ithe vertical
gradients in the electron densities typically exicdee horizontal gradients, the vertical gradieinelectron drift is usually
not more than 0.05 m/s/km. An estimation of vettilasma velocity can be made if we assume thegailibrium,

a Nw) ~ WdAN(h,t) _ WdN(h,t) (4)

dz ( w)= dz - Hp(h)

where H (h) is the plasma scale height. At sunrise, awagnfthe peak production, the loss and transpomdell tend
to be non-negligible and larger th%% (h,1).

The continuity equation (3) after adopting equatidh in the steady — state case becomes:

WN(ht)

= a (- BN (D) (5)

The simplified vertical electromagnetic plasmatdrédlocity model, applicable in the vicinity of tiggomagnetic equator
may take the form:

_ Hp(H)q(hvx)
= oo Vc (6)

where Vc = H (h)s(h) is the apparent vertical drift due to chemicalorebination. The sign convention that could be
adopted here is that a positive value of w dengpegard drift, while a negative value denotes downawxift.

Simplified treatment of the electron density couniiy equation yields the approximations that amkpdliffusion can
be neglected at low latitudes, since vertical diffn is inhibited by geomagnetic field.

Furthermore, ambipolar diffusion is much more intpot at greater heights above 600km height, becatishe
decrease of collision frequency. The smaller valieche magnetic dip near the magnetic equator edsuributes to the
neglect of the diffusion term; a factor which igwemall in the diffusion formula. It is also asseanthat neutral winds are
significantly ineffective in producing vertical mioh near the equator.

One major factor which cannot be neglected howévéhat near and/or within the sunrise period, ivement or
transport term in the continuity equation must hauded in all permutations and analysis. In ortdedetermine the drift
velocity w, the continuity equation as indicatedad must be re-defined as follows:

W =22 (P2 4+ BN (D) = ()| 8)

whereg is the attachment coefficient of electrons.

A detailed study of the behaviour of F-region dvifocity had been treated to a reasonable exteeailier studies [8,
14]. In these literatures, it was shown that thepse theory developed by Chapman [9, 10] can banasd to provide a
fairly satisfactory explanation to F-region drifelmviour over time at Ibadan. We extend the salutib equation (8) by
verifying the postulation that a vertical drift pabation of the form:

W =W, exp (-bz) (9)
may exist at the equatorial F-region at sunrise.

4.0 Data base
Ground — based ionosonde data acquired at Ibadangraved extremely useful in the analysis of savstudies in the
sector, particularly with those dealing with maggedty quiet periods. Except for very few spread--visibility during
sunrise, majority of the analyzed ionograms obthidaring this period at Ibadan show distinct an@jue features of the
ordinary wave traces at different heights for pekdctron density values comfortably well defined tlieoretical modelling
study of this nature.
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Theoretical options have been used for severabyeagstimate drift motion of the ionosphere in Aigcan, Indian and
American equatorial sectors (see [2, 8, 15, 16,1afjjand other references therein.

The maximum electron density, NmF values are ddrivem values of the mean critical ionosonde respusing the
well-known equation of the form:

NpF = 1.24 x 10%(foF)? cm® (10)
wherefyF is in MHz.

We have adopted the 4-month seasonal groupingtasitnithose used in earlier studies [8, 17], idoig the distinctive
packaging of solar cycle effects, namely 1958 |Giqd (yearly average F10.7cm = 208 in units af;0/m H., with R,
= 185) — year of high solar activity.

Thus, for mathematical expediency, we adopt vabrdg for a typical period of high solar activityt. is expected that
results obtained herein, will be complemented mnilsir computations for periods of low solar actvit

The Pearson’s product moment correlation coefficiefationship is considered to represent a fasessment index of
the vertical electromagnetic drift velocity proBleear the geomagnetic equatorial F-region at seiamd has been applied in
this study.

5.0 Results and discussion

The seasonal dependence of the F-region vertiaahm drifts and fading rates of echoes over somateqal stations
have been discussed in several studies includiogetin the African equatorial zone, as demonstridedhstance, in the
works of lheonu and Oyekola [8] and Somoye [18].sMaf the studies have confined the scope of ssudiginly to daytime
analysis in the neighbourhood of 300km altitude.

Nighttime and/or sunrise ionograms make it impeeatd take advantage of the distinctive profilesh# F-region at
Ibadan for in-depth analysis of the region’s bebasal trends, with respect to drift velocities Hitades near, for instance,
350km. The results may be close to those obtaitssdvbere but the modelling content of the deductidrelectron velocity
near sunrise may naturally provides a new dimertsidghregion drift analysis at the equatorial regio

The drift speed models described by equationsr(@)(8), have been used inclusively to carry ouestigations into the
behaviour of the equatorial F region of the ion@sphat sunrise. Equation (8) is a standard comgiraguation for electron
density while equation (9) is the proposed expdakrersion on the variability of drift whose magrde is expected to
conform with that expressed by the standard equatio

Figures 1, 2 and 3 represent drifts profiles fonel$olstice, Equinox and December Solstice at 35akitude. It is
clearly shown that the drift results obtained udimg electron density continuity equation and thestmated applying the
model, are closely knit. For instance, at Junetiselsnear ground sunrise, whegr 9¢°, the mean vertical drift value is
approximately 22m§ against model estimate of 24Mmsduring the period of high solar activity. Simliarduring the
equinoctial period (Fig. 2) and December solstkig.(3), the mean vertical drift values are appmadely 22ms and 24 mis
! against 20mSand 23m3, respectively.

Although the mean velocity values gt 95°, show some visible disparity between the two equatiduring the
equinoctial period (Fig. 2) namely 28thand 20ms respectively, the average speed of 35iflas December solstice (Fig. 3)
also notwithstanding, the overall mean seasonti\dsiocity is in the neighbourhood of 24thfor the standard equation and
26ms' for the model estimates. In these respective sehsastances, the coefficients of correlation @979, 0.9884 and
0.9916, thus confirming the close match betweernioeestimation models.

The model suggested in this report should thusigeoa scientific alternative to drifts estimatianghe strongly plasma
influenced upper atmosphere at the African equalt@@ctor if basic information on drift values aeailable at lower
ionospheric heights, particularly during sunriseqms and within the vicinity of the magnetic equrat

6.0 Conclusion

In this paper, we have tested a model which applitacould provide quick and accurate evaluatadfrF-region drift
estimates (probably at altitude850km) above any given threshold value (say 300kesdr sunrise.

The model provides an alternative means to effeift dalculations to our advantage at the Africaatter of the
equatorial ionosphere, if a threshold value is kmoWwhe use of the proposed model may however ladettewith some
caution beyond sunrise periods and probably upbtikdh altitude at the African equatorial sectorativanced economies,
determination of diurnal and seasonal variationsle€tron drift velocities from about 300km and adoare feasible using
HF radar, rocket probes and satellite-based ingtnisn
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Fig. 1: Mean drift speed at 350km as a func
of y (June Solstice)

Fig. 2: Same as Figure 1 except for Equinox pe
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