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ABSTRACT

The day time variability of sporadic-E (E layer at Fortaleza (35, 38W) and llorin (8.5N,
4.5°E) during the solstice and equinox periods have beimvestigated using hourly daily
Digisonde ionograms. The result show that duringetrequinox period, the critical frequency
(foEs) of the E-layer at Fortaleza dropped to minimum values beforising to its first peack
values by 0900 hrs LT and 1000 hrs LT in March ar@kptember respectively. On the other
hand, a continuous rise in the value ofH, from sunrise till the first peack values of 6.0MHzy
0800 hrs LT and 5.5MHz by 0700 hrs LT was obserdeding the June and December solstices
respectively. At llorin, the JEs reached its first peack values of 5.5MHz by 1208 hT and
6.0MHz by 1000 hrs LT during the March and Septemlequinoxes respectively. A double
peack of about 5.4MHz by 0800 hrs LT and 6.5MHz 1300 hrs LT was observed during the
June Solstice as compared to the single peack afualy.00MHz during the December solstice.
The height (hEs) of Es was lower at Fortaleza than at llorin for all theseasons (with a
difference of between 2 and 4 km, depending on thenth). For all the seasons and months
investigated, the E-layer was never observed eathan 0900 hrs LT at Fortaleza. At llorin, the
E-layer was formed right from sun rise with frequeies lower than at Fortaleza. These results
comfirm the latitudinal variation of the sporadic-Hayer at the equatorial region. It also showed
that the E-layer is formed earlier in llorin than BFortaleza with a time lag of about 3 hours.

Keywords: Sporadic-E (Eg) layer, Critical frequency (f,Es), virtual height (hE), Equinox, Solstice

INTRODUCTION surface and extends upward to the top of the
The ionosphere is an electrified region of theatmosphere (Ahrems, 2009). The ionosphere
upper atmosphere where there is fairly largeontains sufficient ions and electrons to
concentrations of ions and electrons. It start;fluence the propagation of radio frequency
from a height of about 60 km above the earth’sind electromagnetic waves within and through
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it. It has been vertically classified into variety of E-region echoes from a variety of
bottomside, topside and plasmasphere. Theigh frequency sounding instruments (Ritchie
bottomside is further classsified as D, E, and Fand Honary, 2009; Tiwarét al., 2012). The
regions according to their chemicalterm “Sporadic” has continued to pose semantic
composition, sources of ionisation, level ofproblems because the different classifications
variability and dynamic structure. of Es display various levels of periodicity and
thus predictability. The most current definition
The E-region of the ionosphere existsof E; is simply “an ionisation layer lying
predominantly during the daytime and begins t@anywhere in the E-region” (Ritchie and
disappear at dusk due to recombination (Prasddionary, 2009).
et al., 2012). The E-layer is close to the earth’s
surface lying in the altitude region of 90-150Sporadic — Eis formed when plasma clouds of
km. Because of its closeness to the earth'metallic ions of intense ionisation occassionally
surface, the E-layer is subject to variousorm in the E-region of the ionosphere
physical influences e.g acoustic,(Liperovskayeet al., 2003; Ritchie and Honary,
electromagnetic radiation, etc, coming from the2009). At high latitudes, Es-layers are generally
earth’s surface (Barns, 1994; Liperovskaa believed to be caused by the precipitation of
al., 2003). The vertical mobilities of electrons charge particles (Narindet al., 1980; Ritchie
are much higher in the E-region than those ofind Honary, 2009; Prasatial., 2012). At mid
positive ions. The primary East-West fieldlatitudes, charge metal ions that swept into
causes a vertical polarization of electric fieldnarrow layer of about 1-5 km thick in vertical
that greatly increases the electric conductivityscale are called sporadig-Eayer (Flores and
of the medium (Woodmast al., 1977) which Foppiano, 2008). They are formed by vertical
enable the flow of a strong eastward electrishear in the east-west component of horizontal
current in the E-layer during the daytime hourswinds in the height range of 100 — 150 km in
This, in the equatorial region, is calledthe E-region (Prasadt al., 2012). In the
equatorial electrojet (Woodmaet al., 1977). equatorial zone, Fare due to strong eastward
The E-layer exhibits irregular patches of highelectric field (equatorial electrojet) during the
ionization usually confined to small regionsday. Other factors that play a significant role in
known as Sporadic-E (Elayer (Barns, 1994; the formation of E in this zone are
Flores and Foppiano, 2008; Praghdl., 2012; thunderstorms, meteors, ionospheric current
Tiwari et al., 2012). Sporadic-E layers aresystems, etc (Prasa al., 2012). Sporadic E
plasma clouds of metallic ions having small(Ey) layer is a daytime phenomenon in the
vertical and large horizontal dimensions. Theequatorial zone and show little seasonal
vertical dimension is usually from few hundredvariations. At the auroral zone, thg layer is
meters to few kilometers while the horizontalpredominantly a night-time phenomenon. It
dimension is between 50-200 kmshow very little seasonal variation (Prassd
(Liperovskayeet al., 2003; Tiwariet al., 2012). al., 2012).
The E layers sometimes can be embeded in the
regular E-layer with maximum densities notThe common theoretical explanation of the
more than the ambient density. The virtuaformation of E-layers is the wind shear theory.
heights of such Hayers differ only very little Wind shears come from three wave sources
from the virtual height of the regular E-layernamely atmospheric gravity waves, tides and
(Paul, 1990). Mathews (1998) defined theplanetary waves (Flores and Foppiano, 2008).
sporadic-E layer as an altitude—thin E-region athese winds originate at altitudes where the
an unpredictable altitude and /or unexpectedirection of the local zonal wind changes from
intensity. The term “Sporadic-E” was derivedwest to the east i.e in the direction of wind
from ionosonde observations that describes shear. According to the wind shear theory,

Journal of Science and Technology © KNUST DecemBén4



Day time variability of sporadic-E (§ layer at Fortaleza (%5, 38W)... 37

charged particles (ions) accummulate into thinthe primary east-west field increases the
patchy sheets by the action of high altitudeelectric conductivity of the medium (Woodman

winds in the E-layer of the ionosphereet al., 1977). This enables the flow of a strong
(Liperovskayeet al., 2003; Ritchie and Honary, eastward current in the E region during the
2009). In this region, the wind velocity daytime hours called equatorial electrojet.

divergence vanishes and a sporadic layer iBarkinsonet al. (1998) showed that this theory
formed. This theory (the wind shear theory) ids particularly effective at high altitudes where
now widely believed to be the possiblestrong electric fields are encountered (Ritchie

mechanism responsible for the formation
sporadic — E (Lipperovskayaet al., 2003;
Ritchie and Honary, 2009; Prasaidal., 2012;
Tiwari et al., 2012).

Another cause of the formation of & the

ofand Honary, 2009). This was further
corroborated by Damatiet al. (2002) who
presented further evidence for the presence of
vertical shears in the meridional E — region
neutral wind and the right conditions for the
electric field theory.

electric field when it is pointing in a proper

direction. The east-west electric field, whichThis work is aimed at investigating the
arise from the world wide dynamo currentvariability of sporadic Elayer at the equatorial
system, produces abnormally large effects imegion during the equinox and solstice period
the equatorial ionosphere. In the E regionusing two stations: Fortaleza®@ 38W) in
where the vertical mobilities of electrons areBrazil and llorin (8.8N, 4.5E) in Nigeria (Fig.
much higher than those of positive ions,1) as case studies. The parameters used in this
vertical polarization electric field caused byinvestiagtion are the critical frequencyHj)
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Fig. 1: Map showing stations where the Digisonde is operational. The two stations used for

thisstudy are indicated in deep black dots.
(Source: ulca.uml.edu/stationmap.htm)
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and the height ¢hEs) of the sporadic-Hayer. height of sporadic-E(hEs) at Fortaleza and
llorin respectively during the equinox period. It
DATA AND ANALYSIS was observed from this figure thatHy at
The data utilized in this study were obtainedsunrise is lower at Fortaleza than at llorin for
from hourly records of ionograms recorded byall the seasons (a difference of between 2 and 4
Digisonde portable sounder at two tropicakm, depending on the month) signifying the
stations (Fortaleza,’S,38W and llorin 8.8N, latitudinal variation of REs. At llorin, the
4.5E) and posted to the website of theheight of the sporadiciElayer continued to
University of Massachussets at Lowell, USA.decrease right after sunrise during the March
At Fortaleza, the ionosonde that have been iand September equinoxes. It decreased by
operation since 1975 was replaced in 1993 by about 10 km from a height of 114 km at 0600
Canadian Advance Digital lonosonde (CADI).hrs LT to 104 km by 1600 hrs LT. The
A Digisonde is a mordern digital device used tmbserved fall in hEs at llorin confirmed the
determine ionospheric characteristics above thesults of Prasaet al., (2012) who observed a
vicinity of the instrument. It comprises of radiofall in h.Es after sunrise in India. The peak
wave transmitter, receiver, and associatetieight of E depends on the latitude i.e as
transmit and receive antennas. Generally, ktitude increases, the height of theg IRyer
Digisonde operates within the 1to 20 MHzincreases. The frequency of the occurrence of
band with a physically large transmit antennaghe Es layer increases from the equator to
and four smaller, spaced receive antennasigher latitudes. As noted earlier, the formation
deployed in an equilateral triangle. A detailof the E-layer for equatorial latitudes differ
description of a Digisonde and how it worksfrom those for middle and high latitudes. The
can be obtained from the website of High Fremechanism responsible for the formation of the
quency Active Auroral Research ProgramEglayer at the equatorial region is the well-
(HAARP). The Digisonde used for recordingknown gradient drift (i.e E x B drift)
the ionogrammes at llorin came into operatiomechanism which occurs inside the Equatorial
in 2010. It is one of the five African stationsElectroJet (EEJ). The EEJ is known to be
where this equipment is currently being usedaffected by the solar cycle (Woodmahal.,
Simultaneous hourly data from the two stationd977; Balsey 1970) causing a reversal of the
covering the March and September equinoxeslectric field.
and June and December Solstices were
extracted from the hourly ionograms andA study of the seasonal variation of the reversal
analysed and compared with results from othefme of the EEJ over India and Peru (Rastogi
stations. For each day and month, hourly valuesnd Chandra, 1974) revealled differences in the
of the parameters from hourly ionogramsevening reversal times believed to be
between the hours of 0600 hrs d800 hrs LT responsible for the major longitudinal
were extracted. The parameters extracted frotifferences in the occurence of Es, spread F and
the ionograms are the frequency of the E-layethe general F region itself (Woodma al.,
(foE), the critical frequency {Eg) of the 1977). The occurence of the evening reversal
sporadic-E (B layer and the virtual height time of the EEJ takes place one hour earlier
(hmEs) of the sporadic-Elayer. The analysis during low sunspot years than during high-
was based on 12-hour daytime data startingunspot years. Although the spordic-Es
from 0600hrs to 1800 hrs local time for theoccurence have been associated with solar

respective seasons in 2010. activity, studies have shown that no definite
correlation could be established between the

RESULTSAND DISCUSSION two (Tiwari et al., 2012). For the American

Variability of hy,Es during equinoxes zone, estimates of the reversal time of the

Figs 2 (A and B) show the variability of the electrojet fields showed that for the June
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Fig. 2a: Day-to-day variability of hyEs at Fortaleza and Ilorin stationsfor M arch equinox
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Fig. 2b: Day-to-day variability of h,Es at Fortaleza and llorin stations for September
equinox.

solstical season, the reversals occur about twequinox period at llorin ranged between 104
and half hours after sunset (Woodmatral., km and 114 km while that at Fortaleza is
1977). At Fortaleza, the formation of; s between 106 km and 110 km. Also, there was a
known to be influenced by the roles of thesudden increase in,Bs at llorin in September
electric fields of EEJ and neutral winds (Abdubetween 0600 and 0700 hrs LT before the
and Batista, 1977, Tiwart al., 2012). The continuous decrease. On the other hand, the
average virtual height of Hayer during the variability of h,Es at Fortaleza started 3 hrs
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after sunrise though the variability was notduring the September equinox as compared to
significant. 5.5 MHz by mid-day LT during the March
equinox. There was a suden increase, i f

Variability of f,Esduring equinoxes during the March equinox to another maximum
Figs 3 (A and B) show the variability ofi; at of 6.5 MHz by 1400 hrs LT before decreasing
the two stations during the March andto its night time value. During the September
September equinoxes. It was observed that thregjuinox, there was a second peack of smaller
critical frequency of the Hayer varied greatly magnitude of 4.5 MHz by 1400 hrs LT after
at the two stations. At llorin, thgH; reached a which it continued its normal decrease to the
maximum value of 6 MHz by 1000 hrs LT evening minimum.
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Fig.3a: Day to day variability of f,Es at Fortaleza and Ilorin stationsfor Mar ch equinox
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Fig. 3b: Day to day variability of f,Es at Fortaleza and Ilorin stationsfor September equinox
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At Fortaleza, unlike the continuous increase in continued to decrease. During the December
foEs at llorin right from sunrise until it reached soltice at llorin, the KEs reached a height of
its first maximum in both March and about 114 km by 0700 hrs LT before dropping
September equinoxes, there was a small drop to a minimum value of 105 km by 1000 hrs LT.
foEs in both months with a time lag of about 1The variability of hEs wasn’'t much thereafter.
hr LT. During the March equinox,Es dropped The average virtual height of the Es-layer at
to about 2.1 MHz by 0700 hr LT from 2.5 MHz Fortaleza during the solstice period ranged
before reaching its first peack of 4.5 MHz bybetween 104 km and 110 km while that at
1000 hrs LT. It then decreased slightly befordlorin was between 104 km and 113.8 km.
reaching two other peacks of 4.3 MHz by 1400

hrs LT and 5.0 MHz by 1700 hrs LT Variability of f,Es during solstices

respectively. During the September equinoxThe variability of §Es during the solstice period
the {Es dropped from about 3.4 MHz to 3.0is shown in Fig. 5. It was observed that the
MHz by 0800 hrs LT before reaching its peackcritical frequency of the sporadic:Hayer

of 4.5 MHz by mid-day. It then continued tovaried greatly at both stations during this
decrease thereafter into the night-time value. period. At Fortaleza, the.Es continued its
was observed from Fig. 3 that thgEf at steady increase from sunrise and reached a
sunrise at llorin was lower than that atmaximum value of about 6.0 MHz by 0800 hrs
Fortaleza.There was a frequency difference dfT in the morning during the June solstice. It
between 0.5 MHz and 0.9 MHz in March andthen dropped sharply reaching a minimum
September equinoxes respectively for the twealue of 3.0 MHz before rising steadily. The
stations. This observed decrease ¢ fwith same thing happened during the December
increase in latitude which is only observedsolstice. It jumped to a peack of 5.5 MHz by
during the equinox period is further supportedd700 hrs LT before dropping to a minimum

by Prasadtt al. (2012). value of 2.5 MHz two hours later. It then
assumed its steady rise, reaching another peack
Variability of hp,Es during solstices of 5.0 MHz by 1500 hrs LT before decreasing

Figs 4 (A and B) show the variation offfy at  to the night time value.

llorin and Fortaleza during the June and

December solstices period. During this periodDn the other hand, the critical frequency of the
the virtual height (REs) of the E-layer sporadic-E (B at llorin increased steadily
remained constant for about 2 to 3 hrs LT atluring the December solstice reaching a peack
Fortaleza before the variability started. Theof 7.0 MHz by 1600 hrs LT in the afternoon. It
hnEs started to drop by 0900 hrs LT during thethen continued to drop thereafter to its night
June solstice, reaching a minimum height ofime value. Two peaks were observed for the
about 104 km by 1400 hrs LT in the afternoonJune solstice at llorin. The first peack of 5.5
and thereafter it continued to increase steadilfMHz occured by 0800 hrs LT before dropping
In December, the i started declining around to about 4.0 MHz one hour later. It then started
0800 hrs LT reaching a minimum value ofincreasing steadily and reached the second
about 107 km by 1000 hrs LT, after which itpeack of 7.0 MHz by 1400 hrs LT in the
continued showing little variability. At llorin, afternoon. Another observation that could be
the virtual height of the E-layer continued tomade from Fig. 5 is that the value QEfat
decrease right from sunrise from a value of 118unrise differed between the two stations. At
km to a minimum value of about 104 km bysunrise, the critical frequency is about 3.0 MHz
1100 hrs LT during the June solstice. It therduring the June and December solstices at
remained steady for the next four hours aftelorin. At Fortaleza, there was a difference of
which it started to increase, reaching a peack @.5 MHz between the June and December
about 107 km by 1700 hrs LT and thereafter isolstices at sunrise. There was also a difference
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Fig. 4b: Day-to-day variability of h,Esat Fortaleza and Ilorin during December solstice

of 1 MHz at sunrise between llorin andobserved earlier than 0900 hrs LT.

Fortaleza during the June solstice and a

difference of 0.5 MHz at sunrise between botiThe development of the critical frequency of
stations during the December solstice. For botthe E-layer (fE) from the two stations during
the equinox and solstice periods, the criticathe equinox and solstice periods is also worth
frequency for the E-layer at Fortaleza was nomoting. Throughtout the two seasons, the f
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Fig. 5b: Day-to-day variability of f,Es at Fortaleza and Ilorin sstations during December

was not observed before 0900 hrs LT atower at llorin than at Fortaleza. ThgEffor
Fortaleza.This result is consistent with Prasa&ortaleza was higher at sunrise compared to
et al. (2012)who could not observe thE for that at llorin for both the equinox amsdlstice

an equatorial station (Trivandrum) in Indiaperiods. Thed varied between 2 MHz and 3.7
before 0800 hr LT. However, it developed andMHz during the equinox period and 1.8 MHz
was observed before sunset at llorin. Thand 3.6 MHz during the solstice period at
frequency at which they were first observedrortaleza respectively. For the same period, the
also vary depending on the month but generallfyE varied between 1.5 MHz and 3.2 MHz .
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during equinox and 1.5 MHz and 3.0 MHzthroughout March as compared to June, Septe-

during the solstice period respectively at llorin. ember and December (Fig.7). Also, the
observed days at Fortaleza were more

The variability of the observed number of dayssompared to llorin (Fig. 6).

at Fortaleza and llorin are shown in Figs 6 and

7 respectively. It was noted that the number o€ONCLUSION

observed days at llorin is lower, below 5,Its well known that the Ehave different char-
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Fig. 6: Variability of the observed daysfor Fortaleza station
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acteristics in different latitudinal zones and Seasonal variation of the reversal times.
hence several mechanisms governing Journal of Geophysics Research, 75: 4369-
behaviour. For high latitudesE layers, particle 4371
precipitation are generally considered to be the
governing mechanism as confirmed byBarns, R. I. (1994). Full wave determination of
Narinder et al. (1980). These authors also oblique incidence reflection coefficients of
found that the modified wind shear mechanism model Es-layers.Journal of Atmospheric
which takes into account the effect of the Solar-Terrestrial Physics, 56(3): 377-390.
electric fields, is important under low electron
precipitation conditions only. In the equatorialDamatie, B., Nygren, T., Lehtinen, M. S. and
region the equatorial electrojet, thunderstorms, Huuskonen, A. (2002). High resolution
ionospheric current systems, etc, are known to observations of sporadic-E layers within the
be responsible for the formation of layer. polar cap ionosphere using a new incoherent
scatter radar experiment.Annals
Although the E- layer at the equatorial region Geophysicae 20: 1429-1438.
show little seasonal variation, our results show
that the Elayer show more variability during Flores, P. A. and Fappiano, A. J. (2008). Inter-
the solstice period than equinox. The virtual decadal variation of sporadic E at Argentine
height of the sporadicsElayer is lower at Islands, AntarcticaGeofisica International,
Fortaleza for all the seasons than at llorin (a 47(3), 173-177.
difference of between 2 - 4 km, depending on
the month and season). This confirms théiperovskaya, E. V., Pokhotelov, O. A,
latitudinal variation of the E- layer at the Hobara, Y. and Parrot, M. (2003). Variability
equatorial region as observed by Prasgdl. of Sporadic E-layer semi transparency (foEs-
(2012) and Twaret al. (2012). The absence of fbEs) with magnitude and distance from
the {E-layer before 0900 hrs LT at Fortaleza earthquake epicenters to vertical sounding
was also observed whereas at llorin this layer stations. Natural hazards and earth system
was developed before sunrise. sciences, 3: 279-284

ACKNOWLEDGEMENT Mathews, J. D. (1998). Sporadic E: Current
The authors want to thank the authorities of the views and recent progressiournal of
University of llorin, Nigeria, the University of  Atmospheric Solar-Terrestrial Physics, 60:
Massachusets at Lowel, USA and the 413-435.

observatory at Fortaleza for allowing access to

the data used in this work. Narinda, N., Steen, M., Stockflet, I. and
Jorgensen T. (1980). On the formation of

REFERENCES high latitude Es layers. Journal of

Abdu, M. A. and Batista, I. S. (1977). Atmospheric Solar-Terrestrial Physics, 42,

Sporadic E-layer phenomena in Brazilian 841-852.
geomagnetic anomaly: evidence for a regular

particle ionization source.Journal of Parkinson, M. L., Dyson, P. L., Monselesan,
Atmospheric Solar-Terrestrial Physics, 39: D. P. and Morris, R. J. (1998). On the role of
723. electric field direction in the formation of

sporadic E-layer in the southern polar cap
Ahrens, C. D. (2009). Meteorology today" 9 ionosphere.Journal of Atmospheric Solar-
ed, Brooks/Cole. Terrestrial Physics, 60, 471-491.

Balsley, B. B. (1970). Equatorial electrojet:Paul, A. K. (1990). On the variability of

Journal of Science and Technology © KNUST DecemBén4



46 Nymphas and Adeyemi
sporadic ERadio Science, 25(1): 49-60. 236-242.

Prasad, S. N. V. S, Prasad, D. S. V. V.Ritchie, S. E. and Honary, F. (2009).
Venkatesh, K., Niranjan, K. and Rama Rao, Observations on the variability and screening
P. V. S. (2012). Diurnal and seasonal effect of sporadic-EJournal of Atmospheric
variations in sporadic E-layer (Es layer) Solar-Terrestrial Physics, 71: 1353-1364.
occurences over equatorial, low and mid
latitude stations-A comparative studwdian  Tiwari, P., Tiwari, D., Surve, G. and Nayak, C.
Journal of Radio and Space Physics, 41: 26- (2012). Sporadic E over Allahabad during the
38. extremely prolonged low solar activity period

of 2007-2009. Indian Journal Radio and

Rastogi, R. G. (1974). Westward equatorial Space Physics, 41: 285-293.
electrojet during daytime hoursournal of
Geophysics Research, 79: 1503-1512. Woodman, R. F., Rastogi, R. G. and Calderon,

C. (1977). Solar cycle effects on the electric

Rastogi, R. G. and Chandra, H. (1974). fields in equatorial ionospheregournal of
Equatorial E region electric fields-Latitudinal ~Geophysics Research, 82(32): 5257-5261.
differences in reversal times. Pramanda, 3

Journal of Science and Technology © KNUST DecemBén4



