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Abstract. In the present work we show new results regard- involves plasma density gradient and is known as the gradi-
ing equatorial counter electrojet (CEJ) events in the Brazilianent drift term (type Il irregularities). However, both of them
sector, based on the RESCO radar, two set of fluxgate magdepend on the E-Region electric field. From HF and VHF
netometer systems and a digital sounder. RESCO radar is backscatter radar studies of the daytime equatorial electrojet
50 MHz backscatter coherent radar installed in 19982t S (Fejer and Kelley, 1980, and references therein) we know that
Luis (SLZ, 2.33 S, 44.60 W), an equatorial site. The Digi- the phase velocities of the field aligned plasma irregularities
tal sounder routinely monitors the electron density profile atgenerated by type Il mechanism present a normal westward
the radar site. The magnetometer systems are fluxgate-typdrift in the presence of an upward polarization electric field
installed at SLZ and E@&bio (EUS, 03.89S, 38.44W). and a positive electron density gradient. Therefore, inversion
From the difference between the horizontal component ofin the polarization electric field and in the electron density
magnetic field at SLZ station and the same component agradient may cause inversion in the drifts of such irregular-
EUS (EEJ ground strength) several cases of westward morrities. For type | irregularities, electric field inversion from
ing electrojet and its normal inversion to the eastward equastrong upward to strong downward shall be enough to rever-
torial electrojet (EEJ) have been observed. Also, the EEXal of the drift velocity to eastward. Obviously, drift inver-
ground strength has shown some cases of CEJ events, whicions related to the polarization electric field will be followed
been detected with the RESCO radar too. Detection of thesby inversion in the EEJ current as well, which can be de-
events were investigated with respect to their time and heightected by its signature in horizontal component of the Earth
of occurrence, correlation with sporadic E (Es) layers at themagnetic field ) of the magnetic field measured by ground
same time, and their spectral characteristics as well as thenagnetometer close to dip equator.

radar echo power intensity. From a detailed simulation study, Hanuise et al. (1983)
Keywords. lonosphere (Electric fields and currents; €xplained the possible reversal of the east-west electric field
lonosphere-atmosphere interactions) — Radio science (londduring the above CEJ event as due to an abnormal combi-
spheric physics) nation of global scale tidal wind modes, i.e., strong semi-
diurnal (2,2) and (2,4) modes and a weak diurnal-@l),
mode and assuming that the contribution of the diurnal tide to
the altitude-integrated current flow cancels out. Recently, a
1 Introduction study on the CEJ was published (Gurubaran, 2002) in which
the author applied the method of natural orthogonal compo-
Itis well established that the two types of irregularities iden- nents to the ground geomagnetic data in order to separate the
tified in the equatorial electrojet are generated by a plasmaiormal and the abnormal field variations (Vertlib and Wag-
instability, which has two driving terms (Fejer and Kelley, ner, 1970; Faynberg, 1975). They showed evidences that
1980). One term involves ion inertia and is referred to asthere is an additional current system with westward flow in
the two-stream term (type | irregularities). The other term the afternoon hours detected by the ground stations at elec-
trojet latitudes and northward flow at noon hours detected at
low and mid latitudes, i.e., there is an additional current sys-
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of ground geomagnetic data and is related to the CEJ. Tarpleynalysis on theH component of the Earth magnetic field
(1973) stated that the position of the Sq focus would alter thefor the days chosen for the period between 1991 and 1993.
strength of the equatorial electrojet. Kane (1976) showed thaTheir main conclusion is that there are some differences in
the daily range in thed field at electrojet stations is poorly CEJ events when observed in different longitudinal sectors.
correlated with the range at low latitudes, but the correlationBut the most important aspect is that they attributed the ob-
improves when the displacement of the Sq focus is taken intserved differences to local wind shears that modify jet fields
account. (especially during the noon hours) in addition to the changes
So far, we have mostly mentioned the works of authorsin the large scale global wind dynamao, i.e., they stated that
who believe that an appropriate combination of tidal modesthere is a combination of local and global effects that roles
like the (1,-2), (2, 2) and (2, 4) modes, would generate the development of CEJ events.
the reverse current at the magnetic equator which causes the Despite several studies being done during the last decades,
negative perturbation in the ground magnetic field variations.the mechanism that drives the CEJ current under quiet ge-
Nevertheless, other authors believe that there could be loemagnetic conditions is still an open question. The only
cal causative events responsible for reversing the EEJ currerigreement is that the counter electrojet is more frequently
into CEJ instead of global events. Most of them believe thatobserved during solar minimum solstice months (Mayaud,
vertical winds and gravity wave associated shearing windsl977). Also, all the above-mentioned studies have been
are capable of producing such current reversals in narrow latmade in the Indian, the Eastern African and the Peruvian
itude and altitude regions (Raghavarao and Anandarao, 198&ectors mainly based on magnetometers. Thus, the present
and references therein). Their contention is supported by frework covers a different longitudinal zone by examining some
guent manifestations of CEJ in a narrow latitudinal zone andCEJ features based on ground geomagnetic data, on digital
often in a narrow longitude sector. sounder data and on VHF coherent radar data in the Brazil-
According to Somayajulu and Viswanathan (1987) manyian sector, over which a large magnetic declination angle (be-
events of counter electrojet have been observed in the Indiaing ~20° W) exists. For this initial analysis, we have chosen
sector. It was also found that even weak counter electrodata from 2002 due to the VHF radar observations availabil-
jet events could be observed with the backscatter radar ifty. However, 2002 was close to the solar maximum and only
a negative electron density gradient is present during sucliew CEJ cases were detected during the radar soundings, in
events, which occur in the presence of blanketing Es layersagreement with Mayaud (1977). We will examine cases of
They also observed strong local shears in the E-region windvening, afternoon and morning CEJ events.
structures, which they stated to be responsible for some CEJ
events. Somayajulu et al. (1994) presented Doppler spectra
observed with coherent backscatter radar during a CEJ even2  Data analysis
The authors observed type Il spectra with CEJ event inten-
sity at about—10nT in the presence of blanketing Es lay- In order to determine the strength of the magnetic effect
ers and type | spectra with CEJ event intensity betweah of the EEJ current at the ground level (hamed EEJ ground
and—40nT in the absence of blanketing Es layers. The al-strength for simplification), the difference between thHe
titude of the echoing region was 95-100 km (in the presence&omponent variations of the Earth magnetic fieddH{ vari-
of blanketing Es layers) during the observations of type Il ation) at $io Lus — SLZ (2.3 S, 44.2 W, dip: —0.5) and
spectra and ranged from 100 to 108 km when type | wavesEus$hbio — EUS (3.89S, 38.44W, dip: —12.5) stations
are observed. Using a HF radar at Addis-Ababa (Easter{A H=A Hs z—A Hegys) was evaluated. Such evaluation was
African sector), Crochet et al. (1979) observed two streammade for all days in 2002, except for most of the days in
waves having phase velocity greater than the ion-acoustic vedune and the first two weeks in July due to a lack of data
locity in the presence of normal upward (stabilizing) gradientfrom EUS. The basic treatment of the magnetic data at each
during the CEJ event of 21 January 1977. Recently, Woodstation is to eliminate outlier values from the measured com-
man and Chau (2002) reported the first VHF radar observaponents, based on a 3rd order polynomial fitting. Thereafter,
tions of two stream waves during CEJ events since the firsthe five quietest days in a month are chosen and their local
40 years of existence of the observatory at Jicamarca (Perunidnight values averaged. Then, the statiércomponent
vian sector). They stated that at the beginning and endingariations are normalized to the difference between khe
of the CEJ events they found what they called “the closesttomponent values and the mean midnight values for the five
pure two-stream linear instability conditions”. Along with quietest days. Finally, variation of the EEJ ground strength
the radar observations they showed that these CEJ events estimated by taking the difference betweenAh¥é values
reached-200nT. at a station at the dip equator and that at a station nearby the
In between these above mentioned studies there is thdip equator (outside the EEJ influence). Concerning about
study from Alex and Mukherjee (2001), which compared Earth induction effects on magnetic data, some authors claim
CEJ events at the two equatorial stations Trivandrum andve should include a factor of 3/2 when calculating the mag-
Addis Ababa (40 apart in longitude). They used Harmonic netic flux density due to a current sheet (Hargreaves, 1992).
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This factor should be enough for location far from induction 3 Results and discussions
anomalies, which is the case of both SLZ and EUS. However,
we will not include this factor as well as we will not calcu- 3.1 EEJ ground strength from magnetometer systems
late the integrated current of the EEJ. Instead, we chose to
keep EEJ ground strength (given in nT) as the strength of th@ he diurnal variations of the EEJ ground strength; and diur-
magnetic effect at the ground level caused by the EEJ currernal variations of théd component of the Earth magnetic field
sheet. measured at ® Lus (AHs z) and Eugbio (AHgys) in
Data from 3-m irregularities, present in the EEJ, were col-2002 are shown in the Fig. 1. BothHs z and A Heys show
lected using the RESCO 50 MHz radar at SLZ (for detaileda clear diurnal variation characterized by an increase dur-
descriptions see, for instance, Denardini et al., 2005). Thdng the morning period until around local midday and a de-
radar operation schedule follows the Geophysical Calendagrease in the afternoon. Such variations are typical variations
or some emerging necessity and the operation is done mainlgttributed to the E-region solar quiet (Sq) system (Heelis,
during daytime. In 2002, the radar operated during 120 day2004). A Hs| 7z variation peaks at about 180-200nT during
in beam switching mode at the rate of one cycle per minutethe D months (January, February, November and December)
The radar beam with a width of n the East-West plane was and peaks at about 100-150 nT during the J months (May,
switched between magnetic east and magnetic west, havingune, July and AugustiA Heys variation peak values varies
an elevation angle of 80 The relatively narrow beam al- around 100nT, and are also observed to be stronger during
lows us to deduce the altitude of the scatter directly from thethe D months. Since these differences in the variations of
range. At each beam change, RESCO performed 10 soundhe H component is observed at the two stations, it should
ings at a rate of 512 non-coded pulses per sounding. Foeonsequently be associated with the Sq system, and there-
the E region sounding, the pulse width was set ta2@nd  fore affect the EEJ ground strength. Indeed, the peak values
the inter-pulse-period was set to 1 ms. The time delay is seof the EEJ ground strength also show a seasonal variation be-
to 600us. After this delay, 16 subsequent samples:80  ing around 50 nT during J months and around 100 nT during
wide (3km in range;~2.6 km in height) are taken in order D months. However, such peak strength variations are not
to cover the height range from about 80 to 120km. Forclearly observed in the radar data on the plasma irregulari-
each day of radar sounding, we obtained two Range-Timeties, which in turn reflect the E-Region electric fields. Both
Intensity (RTI) maps (one per beam position) and 32 spectro-A Hs.z and A Heys also show a modulation in the baseline
grams (16 per beam position). Each spectrogram, consistedalue, which is especially clear during some months at EUS.
of ~300 spectra, and the RTI maps were incoherently inte-Take, for example, the\ Heys between 26 March and 18
grated to result in a time resolution of 2min. The aliasing April or between 27 July and 20 August. Thesg7-day os-
frequency of the spectrograms is 250 HZ760 m/s for the  cillations are related to the solar rotation and should not re-
RESCO radar) with-1 Hz (~3 m/s) of frequency resolution. flect directly upon the calculation of the EEJ ground strength
From the spectrograms, we estimate the vertical drift profile(H. McCreadie, private communication, 2005) since we take
of the electrojet irregularities, which is an indicative of the the difference between the two stations close apart. Also,
local electric fields and, in turn, of the EEJ current. In the a latitudinal correction on thél variation could be applied
present analysis, we used the westward beam only. Therddefore taking the difference between the components of the
fore, we limited the study to one RTI map per day with the two stations. This would make the calculation of the mag-
16 corresponding spectrograms. netic flux density due to the EEJ current sheet more accurate.
lonospheric profiles are ordinary electron density profilesHowever, we did not correct it because we used the variation
obtained from the digital sounder installed in SLZ (for de- of the H component relative to the midnight valu& /) and
tailed descriptions see, for instance, Reinisch et al., 1989)because the stations are very close apart so that the correc-
The digital sounder operates continuously during all days oftion can be neglected. Also, we did not intend to calculate
the years and electron density profiles are taken every 15 mithe integrated current of the EEJ. Therefore, the EEJ ground
with frequencies in the range from 0.5 to 15.0 MHz, with strength should be seen as an indicative of the EEJ current
0.5 MHz of frequency step. From them it is possible to iden- intensity variation but not the EEJ current itself.
tify sporadic E layers (Es) and to examine the critical fre- Even though, the EEJ ground strength shows remarkable
quency of the Es layerfdEs) and the cut-off frequency of characteristics of the Sq influence on the EEJ behaviour. The
the Es layerfpEs). diurnal variations of the EEJ strength at the ground reveal a
heart beating like behaviour. There is a relatively short period
of low negative amplitude excursion of EEJ strength before
the dawn followed by a positive amplitude excursion during
daytime. The negative amplitude excursion is a manifesta-
tion of westward morning electrojet. The dawn occurs earlier
at the E-region heights then at the ground level. This means
the photoionization process (which increases substantially
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Fig. 1. Diurnal variations of (top panel) the EEJ ground strength and (bottom panel) diurnal variationstfatmmponent of the Earth
magnetic field measured at (red&Lus and (blue) Eusbio in 2002.

the local conductivities) have already started at EEJ height8.2 CEJ event occurrences
when it is to dawn at the ground, but, more important, it also
means that the zonal electric field did not invert yet. SinceA typical behaviour of the EEJ in the Brazilian sector (as seen
westward currents shall induce southward magnetic fieldsn RTI maps) is characterized by the back-scattering region
below them, which contribute to reduce the H componentof 3-m plasma irregularities starting to be observed at around
of the Earth magnetic field at the ground level, this simple 08:00-08:30 LT every day (see for example, Denardini et al.,
method can be used to infer the time of inversion of the EEJ2005). Such irregularities appear even when the EEJ current
electric field. is still weak (less than 10nT) to show a clear signature in
Some minutes after dawn, the zonal electric field inversionthe EEJ ground strength. After some variability during the
is completed and the vertical polarization electric field startsearly morning hours, which is still a matter of study, there is
to drive the EEJ current to its diurnal direction. It is due to a tendency of this backscattering region to stabilize at around
the higher conductivities during daytime that the EEJ ground103 km of altitude. After around 14:00 LT the whole scatter-
strength reaches positive amplitudes higher than the negativimg region starts to rise as shown in the previous work by
ones. This is observed even during clearly disturbed period®enardini et al. (2005), when a tentative explanation given
like 24—25 March, 18—-22 April, 23-25 May, 30 September—in terms of the chemistry of the E-Region partially justified
8 October, and 19-23 December. What seems to vary is théhe observed rising. Backscattered echoes strength becomes
amplitude of the negative excursion, the positive excursion oistrongly reduced after about 18:00 LT and they normally van-
both of them, depending upon the intensity of the magneticdsh after about 19:00 LT, except for some cases reported by
disturbances. Denardini et al. (2006). A typical behaviour of the EEJ
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Fig. 2. Range Time Intensity (RTI) maps obtained from the RESCO radar on (from the left) 26 June 2002, 22 July 2002 and 27 November
2002, when an evening, an afternoon and a morning CEJ events have been detected, respectively. CorrBspordirgs on the middle

panel and the variation of EEJ ground strengtliH(=A Hs| 7— A Hgys) obtained from magnetometers on the bottom panel. Note that on 26
June the EEJ ground strength was replaced by\tHg, 7 variation.

ground strength follows a basic pattern. It shows a slowly3.2.1 The evening CEJ event
intensification in the morning hours until reaches a quiescent
value around midday. It remains about this value with somepn 26 June, the radar operation started at 10:30 LT. At that
small-scale fluctuations, typically less then 2nT (related totime, the RTI map reveals that EEJ irregularities seemed
a 30min running average) in a time scale no longer theno pe weakly developed as seen by the backscattered echo
15 min. After about 16:00 LT it SlOle decreases to zero. power Strength_ In addition1 thAHSLZ variation reveals a
CEJ events usually occur when such a pattern described/eak induced current since normil component peak val-
above is substantially altered and very few cases were obues range from 100 to 200 nT, as mentioned previously. The
served during 2002. The clearest events were observed duspectrograms obtained on June 26 show the irregularities ob-
ing the solstice months in agreement with previous workserved until around midday were drifting westward (nega-
(Mayaud, 1977), but during a solar maximum for the presenttive Doppler velocities when sounded by a westward radar
case. Figure 2 shows RTI maps in which an evening, an afterbeam). After about 13:15LT, the irregularities responsible
noon and a morning CEJ event were detected, respectiveljor scattering back the radar signal disappeared. It was si-
The corresponding EEJ ground strengths detached from theultaneously followed by a gradual reduction in th&/s; .
Fig. 1 were plotted in the bottom panel of each graph ex-Abdu et al. (2006) showed that during storm time the Sq sys-
cept on 26 June, when the EEJ ground strength was replacedm can be affected by wind circulations due to the distur-
by the A Hs| 7 variation since we have a lack of data from bance dynamo and/or by auroral electric field penetration.
EUS on many days in June and July. Thg index variation  The Dy, index did not show any evidence of disturbance,
were also plotted to characterize the corresponding magnetihowever. Digisonde data (not shown here) show no elec-
disturbance level. It should be noticed that the time scaledron density gradient inversion or reduction at the E-Region
of the maps are different from each other, due to day-to-dayheights by the time of this disappearance. Therefore, we can
changes in the radar operation schedule. Moreover, it is imassume that the electric field, which drives the plasma insta-
portant to mention that one given CEJ event cannot be idenbilities, has been reduced to a value lower than necessary to
tified from the RTI map alone as being a CEJ or a normaltrigger them on. Also, no significant reduction in the local
morning EEJ. The identification is made with the help of the conductivity should have occurred since the density profile
corresponding spectrograms that are presented in Fig. 3.  has not been substantially altered. Then, a reduction in the
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Fig. 3. Set of eight spectrograms covering the range height from 90.9 to 109.0 km, obtained on (from the left) 26 June 2002, 22 July 2002
and 27 November 2002, when an evening, an afternoon and a morning CEJ events have been detected, respectively. The central height
each spectrogram, which covers 2.6 km of altitude, is informed on the top left corner of the corresponding spectrogram and the power scale
on the right side is given in dB units.

induced current strength indicates a reduction in the electrigrofile during daytime or can be achieved in the presence of
field, which is most likely due to neutral atmosphere effectsan Es layer at the proper height anytime. Figure 4 shows
rather than disturbance dynamo effects as judged by the lova sequence of ionograms acquired on 26 June (left column)
disturbance level confirmed by thg; index. covering the height range from 50 to 500 km, between 19:00
Later on 26 June, after about 19:00 LT when irregularitiesand 21:45 LT where it is possible to identify the presence of
are likely to drift eastward at different range heights (Fejer blanketing Es layers during these CEJs with type Il irregular-
et al., 1975), three consecutive evening CEJs are observedies, indicating that these radar echoes are due to irregulari-
The first event occurred at 19:15LT and lasted+@&0 min. ties at the sporadic E layer like Somayajulu and Viswanathan
The CEJ was located between 98.8 and 109 km and showe@987) reported. In the present case, all the Es are equatorial
westward velocities lower than 100m/s. The second eventype of Es traces (type q), which are commonly found during
started just after 20:15LT and lasted for 15min. The CEJday time in the vicinity of the magnetic dip equator. ThEs
was located in a very narrow range height, between 98.8 andid not exceed 4 MHz for the first CEJ, but reached 5 MHz
101 km. Westward velocities lower than 100 m/s were alsoduring the second and the third events. The virtual height
detected. The third event started at 20:30 LT and lasted foof the Es layer peaked at about 110 km during the two first
30 min like the first one. However, the CEJ was located be-events and rose to around 150 km after 20:30 LT. Therefore,
tween 93.5 and 106.5km. The observed velocities also dithe density gradients for all the three CEJ events observed on
verged from the first event. Westward velocities close t026 June are upward.
200 m/s were detected at 98.8 km height. Velocities lower The electric field is expected to be mainly downward af-
than 360 m/s are characteristics of type Il instabilities, whichter sunset under quiet time conditions. However, based on
are generated by the gradient-drift mechanism. As menthe direction of irregularity displacement (westward) and on
tioned before, this mechanism requires the density gradienthe echoes height shown in both the RTI map and the iono-
to be parallel to the electric field. gram, it has to be upward. Otherwise, these echoes would
The density gradient sharp enough for irregularities de-not be from plasma irregularities caused by gradient-drift in-
velopment is a feature of the bottom side E-Region densitystabilities or the theories do not fit. The explanation for such
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upward electric field is still an open question. Some authorghis day (middle panel of Fig. 2) reveals that the develop-
use to attribute it to neutral wind shears that drags the plasmanent of EEJ plasma irregularities occurred in a way simi-
to cause a localized polarization electric field. lar to that on 26 June. They started to be observed in the
Since we have no data from the neutral atmosphere, wenorning hours and lasted until close to midday. However,
have performed a wavelet analysis of theHs z (as an  the echo power intensity was stronger in the present case
indicative of the EEJ electric field) using the continuous than that on 26 June. Another difference is the descent of
wavelet transform in order to search for possible wave-typethe scattering region after09:45 LT. The centre of the EEJ
oscillations that could lead to an indication of wind shear. scattering region (EJC) descent from 99.9km (09:45LT) to
Wavelet transform was chosen due to its ability to locate in94.4km (11:15LT). Then, similarly to what have happen on
time the oscillations, which allow us to check if their time of 26 June, the plasma irregularities responsible for scattering
occurrence matches with the time of occurrence of the CEJback the radar radio signal vanished at the moment the EEJ
Indeed, the continuous wavelet transform (CWT) of a dis-ground strength reduced below 20 nT. Nevertheless, contrary
crete sequence of samples ) is defined as the convolution to the previous case, thB;, index did show evidence of
of the samples with a scaled and translated version of thenoderate magnetic disturbance throughout the day, ranging
wavelet-mother. Alternatively, it can be treated as the inversebetween—40 and—20nT. Also, the EEJ ground strength
Fourier transform of the product in the frequency domain asvariation showed an inversion of the EEJ current at 13:00 LT
proposed by Torrence and Compo (1998): that lasted until about 17:00 LT. During the negative excur-
N sion, the EEJ ground strength reached minima-40 nT at
W, (s) = (2s/68t) Zk:O Xeys (swx) expliogndt] (1) 14:00 and 15:00LT. In addition, at about 15:45LT a scatter-
, ) , , ing region was observed by the RESCO radar with its cen-
Wheres is the vv.avele.t scalg is the frequencylane?Gt 1S tre height of at 99.2 km of altitude. It lasted until 16:15LT
the tl_me resolution)V is thg total n_umber of pointg; is the when the EEJ ground strength rose up-th8 nT. The spec-
Fourl_er transform of the time series, the angular freoluencytrograms in the middle panel of Fig. 3 confirm the descent of
(wr) is defined as :’ZK/N‘S.t whenk=N/2 and —27kINSt ~ y,o'seattering region since the height distribution of the echo
whenk=>N/2, andyg(sey) is the complex conjugate qf th.e power changed from about 96—103 kr(9:00 LT) to about
wavelet-mother. We used Morlet wgvelet-mother, WhIF:h IS293 101 km (11:00LT) and the centre height of CEJ event
plane wave moc_iulated by a Gaussian envelope of unit W'dtns narrowed in both altitudinal and temporal dimensions. It
(Farge, 1992) given by: also reveals very small type Il plasma irregularities positive
Jolsar) = 1Y H (0) expl— (s — w0)2/2] ) Doppler velocities, which is the opposite to what is expected
for a normal EEJ observed with the westward RESCO radar
because it is the appropriated type for searching periodicitiebeam, but is in agreement on what is expected for a CEJ
on the data sets. The Heaviside step functib@) is equal  event. Later in the evening the normal EEJ conditions seems
to zero at for negative frequencies)@nd equal to one other- to be re-established and a weak scattering is observed be-
wise. Finally, the space-scale energy density for a time seriesveen 101 and 109 km of altitude.
is defined as The evidence of moderate magnetic disturbance shown by
the Dy, index indicates that the disappearance of the irreg-
ularities around midday could be due to neutral wind circu-
On the upper panel of Fig. 5 we show the Space-Scale Eplations changes caused by the di_sturbance dynamo effect on
ergy Density Map (bottom left graph) with the corresponding the Sd system as stated by Hanuise et al. (1983) and Abdu et
global wavelet spectrum (bottom right graph) and its space-al- (2006). Rggardlng the scatterlnglrfaglon.dunng CEJ event,
scale energy density colour scale (upper right graph), oplhe reversal .|r'1to t.he'DoppIer velocities with rgspgct to the
tained from wavelet analysis of th&Hs, 7 variations (up- nprmal condition |nd|C_ates tha_lt both the polarizations elec-
per left graph) between 11:00 and 21:00 LT on 26 June 2002U7ic field and the density gradient are downward. A down-
The cone-of-influence is superimposed on the very bottom¥ard density gradient can be achieved due to the presence

part of the map. However, this map does not help solving the®’ Sporadic E-layers at lower altitudes, which is the present
origin of the upward electric field that was observed on 26¢aSe as revelled by the set of ionograms shown in the Fig. 4

June. Due to the low values @ Hs, 7 in the evening, the (middle panels). The time scale (_30_min) of the CEJ e_:vent
small scale fluctuations show no significant energy to be deSU99ests that the downward electric field that drove the irreg-
tected in the analysis. Nevertheless, it will be useful for theUlarities can be caused by prompt penetration (PP) of auroral

En(s) = [Wa(s)%/s . ®3)

other cases. electric fields. An analysis of the Auroral Index (AE) evo-
lution on 22 July, shows no clear evidence of auroral elec-
3.2.2 The afternoon CEJ event tric fields that match with the time of occurrence of the CEJ

event, however. The closest AE index intensification occurs
On 22 July, the RESCO radar started to operate at 08:15 Lone hour before the CEJ event. Therefore, an abnormal com-
and stopped sounding at about 18:30LT. The RTI map forbination of global scale tidal wind modes (Hanuise et al.,

Ann. Geophys., 27, 1593603 2009 www.ann-geophys.net/27/1593/2009/
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Fig. 5. Space-Scale Energy Density Map (bottom left graph) with the corresponding global wavelet spectrum (bottom right graph) and its
space-scale energy density color scale (upper right graph), obtained from wavelet analysis of variatiori$ obtmgonent of the Earth
magnetic field measured a&& Luis (upper left graph) on 26 June 2002 (upper panel), on 22 July 2002 (middle panel) and on 27 November

2002 (bottom panel)

1983), or vertical winds and gravity wave associated shearingvave-like behaviour in the EEJ we have performed the same
winds (Raghavarao and Anandarao, 1987) are most likely tavavelet analysis of th& Hs| z between 08:00 and 18:00 LT
have caused the electric field inversion. In order to check foras we did for 26 June. The analysis results are shown on the

www.ann-geophys.net/27/1593/2009/
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middle panel of Fig. 5. The Space-Scale Energy Density Mapsity Map shows a patter similar to the previous case (22 July)
shows a dominant region where the induced current has aith the presence of the two oscillations having 90-min and
wave-like behaviour with two oscillations having 90-min and 180-min periods. However, this time they mix together close
180-min periods that mix together after 09:00 LT to becometo midday only. Also, the three spectral components hav-
one oscillation with period close to 2h and turns back toing 15-min, 30-min and 60-min period were present between
the two previous oscillations after 14:00LT. There also is a08:30 and 09:00 LT, during the CEJ event. So, neutral atmo-
clear region of a wave-like behaviour with period of the order sphere dynamics seems to play an important hole in driving
of 45min in the induced current pattern between 10:00 andhe EEJ electric field. The longitudinal coverage of such phe-
12:30LT. This turned to a wave-like behaviour with period nomena can not be specified in the present work, however. In
of the order of 30 min between 12:30 and 15:45LT. Someorder to confirm the combination of global scale tidal wind
others secondary peaks can be observed during all this panodes proposed by Hanuise et al. (1983), instead of the ver-
riod. But from 15:45 to 16:30 LT, three clear spectral com- tical winds and gravity wave associated shearing winds pro-
ponents are also present having 15-min, 30-min and 60-miposed by Raghavarao and Anandarao (1987) we need simul-
periods. Therefore, we assume the electric field inversion tdaneous observations in different latitudinal sector based on
be due to gravity wave associated shearing winds, since thelusters of instruments like those used in the present work.

CEJ event was limited between 15:45 and 16:15LT. Moreover, checking which, among the three components, is
the responsible for driving the EEJ electric field will demand
3.2.3 The morning CEJ event accurate neutral atmosphere wind measurements.

On 27 November, the observed CEJ event started at about

08:30LT and lasted until 09:00 LT, when the EEJ ground4 Conclusions

strength rose up from-40 to—20 nT. During this event, the ) ) o

irregularities presented positive (eastward) Doppler veloci-1 "€ typical diurnal variations of the EEJ ground strength de-
ties and were located in the upper part of the scattering regiofiV€d ffomA Hsiz andA Heys and attributed to the E-region
(between 98.8 and 109 km). Th, index (around—60 nT) Sq system are shqwn to be stronger during the D months
clearly indicates disturbed magnetic conditions throughoutVNen compared with the rest of the year. Very few cases
the day. This is the only record we have with strong ggjof CEJ events were obsgrved during '2002. The'clearest
early in the morning (later then 08:00 LT) showing plasma ir- events were obseryed during the solstice months, in agree-
regularities that have positive (eastward) Doppler velocities MeNt With the previous work by Mayaud (1977) but during
Nevertheless, to assure this is a CEJ event we also looke@ Solar maximum in the present case. All the CEJ events

at the EEJ ground strength. The latter reveals that the EE§PServed in Brazil in 2002 are accompanied by blanketing

current reached close to zero before 08:15 LT, was followedES [@Y€rs, in agreement with the previous work by Somaya-
by a negative intensification until 08:30 LT and reduced tolulu @nd Viswanathan (1987). The RESCO radar detected
type 1l spectra with the entire CEJ event but no type | was

zero at 09:30LT. In other words, the slow normal transition !
from negative to positive EEJ ground strength excursion (be d€técted, and the CEJ ground strength signature reached

fore to 08:15LT) seen in most of quiet days was followed —40nT, which differs from the conditions observed by So-

by a negative excursion after the inversion, which characterMayajulu et al. (1994) at the Indian sector. One of the CEJ

izes a CEJ event. The Doppler velocities ranged from 50 tc€vents occurred during quiet time r_nagnetic conditior_ls while
200 m/s, indicating type Il irregularities. Then, a downward the other two were observed during moderately disturbed

density gradient and a downward electric field are needed fof"@gnetic conditions. Therefore, the density gradient con-
their development. The set of ionograms shown in the Fig. gditions for the gradient-drift plasmas irregularities develop-

(right panels) reveal the presence of a strong sporadic E-laydP€nt are always established by the presence of sporadic E-
(foEs~10 MHz) at about 95-100km, which also means alayers. Nevertheless, the precise determination of the electric

strong density gradient and explains the downward densit)ﬂem is still a difficult matter at the E-region heights, despite
gradient in agreement with Somayajulu et al. (1994). Thethere be indications that the neutral atmosphere effects are

electric field is certainly downward due to the clear negativeMOre local than global.

current signature at the ground level, but its origin is alwaysAcknowledgementsC. M. Denardini would like to acknowledge
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