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Abstract. On 11 April 2001, a large magnetic storm values. This intense auroral activity generated disturbance
occurred with SSC at 13:43 UT, anll;, reached below dynamo and prompt penetration electric fields that were re-
—200nT after two southwar®, excursions. Th&, index  sponsible for the maintenance of the F-layer at a high alti-
during this storm reached 8 and remained highi)Yfor about  tude along the night of 11-12 April 2001. The short-lived
21 h, and the 8o Lus magnetometer H component presentedF-region height rise seen between 16:00 to 18:00 UT on
simultaneous oscillations and decreased substantially relat1l April 2001 is probably due to the prompt penetration east-
tive to the previous magnetically quiet days. This storm trig- ward electric fields of magnetospheric origin during the first
gered strong ionospheric irregularities, as observed by a reMF B, turning to south around 15:00 UT.

cently installed 30 MHz coherent scatter radar, a digisonde
and a GPS scintillation receiver, all operating at tBe Sus
equatorial station (2.33, 44 W, dip latitude 1.8S). The
ionospheric conditions and the characteristics of the iono-

spheric irregularities observed by these instruments are pret  Introduction

sented and discussed. The VHF radar RTI (Range Time In-

tensity) echoes and their power spectra and spectral width foEquatorial F-region ionospheric irregularities have been ex-
the storm night 11-12 April 2001, were used to analyse thetensively studied from theoretical and experimental points
nature and dynamics of the plasma irregularities and revealedf view (e.g. Woodman and La Hoz, 1976; Ossakow, 1981,
the coexistence of many structures in the altitudinal range ofAbdu et al., 1985, 2002; Kelley et al., 1996; Weber et al.,
400-1200 km, some locally generated and others that drifted 996; Fejer, 1997b; Hysell and Woodman, 1997; Musman
from other longitudinal sectors. The radar data also reveale@t al, 1997; Kil and Heelis, 1998; Beach and Kintner, 1999;
that the plumes had periodic eastward and westward zondfejer et al., 1999; Basu et al., 2001). Long-term climato-
velocities after 22:20 UT, when well-developed quiet-time logical and persistence studies of the irregularities have been
plumes typically drift eastward. Another interesting new recently performed with the JULIA radar at Jicamarca (Hy-
observation is that the F-layer remained anomalously higrsell and Burcham, 1998, 2002). Similar studies are being un-
throughout the 11-12 April 2001 storm night (21:00 UT to dertaken in the Brazilian equatorial zone using the 8is
09:00 UT next day) (the LT at® Lus is UT —3h), asin-  radar (de Paula and Hysell, 2004).

dicated by the digisonde parametdéns=2 and K-, which The above studies showed that the Equatorial Spread F
is a condition favourable for spreddgeneration and main- (ESF) has very large day-to-day variability during quiet and
tenance. The AE auroral index showed enhancements (foldisturbed times, which is due to the various factors affecting
lowed by decreases) that are indicative of magnetospherithe generation and growth of plasma interchange instabili-
convection enhancements at about 15:00 UT, 20:00 UT andies, and is still an enigmatic problem (Abdu, 2001). The
22:00 UT on 11 April 2001 and at 00:20 UT (small ampli- most well recognized influences on irregularity growth are
tude) on 12 April 2001, associated with mansy fluctua-  the height and vertical drift of the F-layer driven by the east-
tions, including clear two southward incursions that gave riseward electric field.

Key words. lonosphere (ionospheric irregularities)

to large and long lasting, values and large negative,, The study of ESF characteristics during geomagnetic
storms gives important insight into the role of electric fields
Correspondence tcE. R. de Paula of magnetospheric origin in the irregularity process, is of in-

(eurico@dae.inpe.br) terest in the broader context of magnetospheric-ionospheric
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Fig. 1. IMF B, component in GSM coordinates provided by the ACE spacecraft (corrected to the propagation time up to the magnetopause
boundary), AE auroral index,, and D,;; magnetic indices, & Lus magnetometer H componeng@Lus digisonde parametehsiF2

and HF, and Range Spread F (RSF) index and Percentage of Occurrence of GPS amplitude scintillations with scintillatiop-iadex S

from 10 to 12 April 2001.

o
o

coupling (Reddy and Nishida, 1992) and in the impactin conjunction with the regular post-sunset pre-reversal en-
on global VHF/UHF communications systems (Basu et al.,hancement driven by F-region dynamo action (Batista et al.,
2001). 1991) or with disturbance dynamo action at night. Previous

The magnetospheric electric field can, under favourabIeStUd'eS of this effect have mainly relied exclusively on either

conditions, penetrate directly to low latitudes almost instan-'onosonde data (Somayajulu etal., 1987; Reddy and Nishida,

taneously (prompt penetration) and with a delay of 9 to 30 h1992; Abdu et al., 1995), incoherent scatter radar data (Fejer,

through the disturbance dynamo mechanism (e.g. Kikuchilgg?a)’ or VHF ionospheric scintillations (Aarons, 1991),

and Araki, 1979; Blanc and Richmond, 1980; Fejer, 1986;which allone cannot give a complete perspective of the pro-
Fejer et al., 1990; Fejer and Scherliess, 1995; Scherliess ang €S involved.

Fejer, 1997; Spiro et al., 1988). The disturbance dynamo

electric field reduces the plasma ascent rate at equatorial lat- In this paper, a strong spredd event observed at the
itudes during daylight but also reduces the descent rate aao Lus equatorial station during the magnetic storm of
night, decreasing the threshold for inversion. Direct pen-11-12 April 2001 is studied using a variety of instruments,
etration can be eastward, lifting the equatorial plasma, orincluding a VHF coherent scatter radar, a GPS receiver, a
westward, lowering the plasma. At night, eastward directdigisonde, and a magnetometer, which allowed us to de-
electric field penetration could trigger ionospheric irregular- tect irregularities with different scale sizes. In addition to
ities at any time of year since it lifts the plasma and createghese data sources, supporting geomagnetic data and in-
favourable conditions for irregularities to grow. This effect dices from auroral latitudes are also used to establish the
can be intensified if the eastward direct penetration occursnagnetospheric-ionospheric electrodynamic link.
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2 Brief description of the systems

SAO LUIS BRAZIL

The So Lus VHF radar (de Paula and Hysell, 2004) is
a pulsed Doppler radar with interferometric capability that
records raw data to tape while processing it in real time
and displaying the results, in the form of spectrograms, on
a Worldwide Web server (http://200.241.80.42). During data
post processing, the scattered signal-to-noise ratios, Dopple
velocities, and zonal irregularity drift velocities are typically
computed for display in range-time image format. The auto-
covariance method (Woodman, 1985) is applied to time se-
ries data to calculate the signal-to-noise ratio, Doppler ve-
locity and spectral width. The spectra are also calculated
from the time series data by the Fast Fourier Transform
method. The radar observation was performed with a ver-
tically pointed beam having an east-west beamwidth 6f 10
and a 10 ms IPP (Inter-Pulse-Period). The maximum unbi-
ased vertical velocity i==250 m/s and the range resolution is
2.5km. The GPS L1 band receiver, specially prepared to de-
tect amplitude scintillation due to ionospheric irregularities,
is a modified Gec-Plessey card installed in one microcom- I
puter that collects data at a high rate (50 samples/s). A com- P PR
plete description of the GPS receiver can be found in Beack FREQUENCY(MHz)
and Kintner (2001). The digisonde is a Lowell University
256 model (Reinisch et al., 1989) that sounds the ionosphere
nominally every 15 min with a sweep frequency range fromFig. 2. An ionogram from 23:00 UT (20:00 LT) during a quiet
2 to 20MHz. The magnetometer is a 3-axis Fluxgate typecontrol nigh_t (9-10 April 2Q01) (upper panel) and an ionogram for
with digital data recording capability. The GPS scintillation e Storm night (11-12 April 2001) at 23:30 UT.
technique, in the present case, is sensitive to 400 m (Fresnel
size) irregularities, the digisonde to kilometric irregularities,
and the 30 MHz coherent scatter radar to 5m irregularitiesthe morning of 12 April 2001 and revealed many oscillations
so the spatial spectral evolution of the irregularities with dif- during the storm period and decreased substantially relative
ferent scale sizes can be studied ao uis. to the previous quiet day.
The digisonde range spreall was present (being in

the end of spread” season over Brazilian longitudes) on
3 SAo Luis multi-instrument data / results all nights of this period (10-12 April 2001) but with a

longer duration and more intensity during the night of 11—
Figure 1 presents the IMB, componentin GSM coordinates 12 April 2001, compared to the other nights of the period.
provided by the ACE spacecraft (corrected to the propagaQuiet-time spreadr is normally confined to the post sunset-
tion time up to the magnetopause boundary), the AE auroraimidnight time interval. On 11-12 April 2001, themF2
index, thek , and Dy; magnetic indices, the#® Lus mag-  and HF parameters, and consequently the F2-layer, remained
netometer H component, thé&& Lus digisonde parameters anomalously high all through the night with a very slow de-
hmF2, HF, and Range Spread F (RFS) index and the percay. ThoughhmF2 could not be scaled precisely during
centage of occurrence of GPS amplitude scintillations withstrong spread F, the evaluation dFheven during strong
scintillation index $>0.1, from 10 to 12 April 2001. On spreadF, is always expected to be a reliable parameter to
11 April 2001 the IMFB, component turned south at about infer the vertical movement of the bottomside F-layer. On
15:00 UT up to 18:00 UT and after some north-south fluc-11 April 2001, the digisonde parametem2, that is the
tuations it turned again to south up to about 06:00 UT ontrue height of the F2-layer density peak, was anomalously
12 April 2001. The AE auroral index showed enhancementslevated (rather slowly) to higher altitudes from 16:00 to
(followed by decreases) at about 15:00 UT, 20:00 UT and18:00 UT and a simultaneous increase in the H component
22:00 UT on 11 April 2001 and at 00:20 UT (small am- of the Sio Lus magnetogram was observed at this time in-
plitude) on 12 April 2001. TheD,; index reached below terval, which indicates storm electric field penetration to low
—200nT around 24:00 UT on the night of 11-12 April 2001 latitudes. But surprisingly,’R, the virtual height of the base
and theK, index reached 8 and remained high5) for of F-layer, does not show any corresponding rise. This may
many hours after the SSC. Thé&&Lus magnetogram H be because, from 16:00 to 18:00 UTFhs around 200 km
component shows that the strong storm beganl&:00 UT  and is controlled more by the recombination process than by
(10:00 LT at %0 Lus) on 11 April 2001, extending up to the electric field.
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Fig. 3a. VHF radar RTI (Range-Time-Intensity) plot of the echoes from the ionospheric irregularities for the storm night of 11-12 April
2001.
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Fig. 3b. VHF radar vertical velocity plot of the echoes from the ionospheric irregularities for the storm night of 11-12 April 2001.
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Fig. 3c. VHF radar zonal velocity plot of the echoes from the ionospheric irregularities for the storm night of 11-12 April 2001.

Two ionograms, one from 23:00 UT (20:00 LT) during a ing irregular structure. In the case where they are not consis-
quiet control night (9—10 April 2001) (upper panel) and an- tent, this implies that the vertical velocities are aliased. The
other in the storm night (11-12 April 2001) (lower panel) rough estimate of the unaliased velocities can be obtained
at 23:30 UT are shown in Fig. 2. We can observe that onby adding 500 m/s to the aliased velocity. For example, the
the storm night, the F-layer had a small bottomside electrorstructure observed at 900 to 1200 km height during 21:50 to
density gradient scale lengthyL where (1/N)(dN/dh):l;,1, 22:20 UT in Fig. 3a has a large ascending rate but shows
compared to the quiet night. Also, as the layer duringpredominantly downward Doppler velocities, as is clear in
the storm night remained at a high altitude, the ion-neutralFig. 3b. These are certainly aliased velocities and need to
collision frequencyv;, was small which, conjugated with be corrected by adding 500 m/s. Thus, the real velocity of
a small Ly, are favourable conditions that contributed to a this structure is upward, not downward. Vertical traces in
large instability growth rate whose simplest equation will be Figs. 3a and b, at 15-min intervals, are due to digisonde inter-
given in the next section. ference. Figure 3a (RTI) shows large topside layers (plumes)

During the night of 11-12 April 2001 (Fig. 1), the from 21:50 to 23:40 UT, reaching more than 1200 km in al-
digisonde recorded range spref&id with a peak index of titude. The typical quiet time bottom-type precursor layer, a
3(P>200km in range), and GPS L1 band scintillation thin layer with a small vertical velocity normally preceding
(S4>0.1), showed one large peak percentage of occurrencthe plumes, appears at about 500 km and is connected just
reaching 30-50% from 22:00 to 01:00 UT and another peakwith the lower structure that grew up around 22:35 UT. The
of 55% around 08:00 UT on 12 April 2001. On all other two others structures that appeared in the altitude range of
quiet nights 10-11 and 12-13 April, including the nights of 600 to 800 km at 22:00 UT, evolved to very high altitudes,
9-10 and 13-14 April (not shown here), the GPS scintillationand were moving to the east (Fig. 3c), but did not show the
occurrence remained below 5%. bottom-type precursor layer and could be not locally gener-

The S0 Lus VHF coherent backscatter radar also de-ated. One short-lived plume patch, located above 900 km in
tected a strong ionospheric irregularity occurrence during thealtitude and drifting upward with a large velocity (Fig. 3b)
storm night of 11-12 April 2001. There are no radar data inand predominantly westward (Fig. 3c), was observed from
the days close to the storm night. Figure 3a shows the rada?21:50 to 22:20 UT. Such high altitude and westward moving
RTI (Range-Time-Intensity) plot of the echoes from the 5-mirregular structure, in agreement with the observations re-
ionospheric irregularities along with their vertical (Fig. 3b) ported earlier by Basu et al. (1996) during disturbed periods,
and zonal (Fig. 3c) velocities. Usually the Doppler velocity was attributed to the effect of the disturbance dynamo.
should be consistent with the ranging rate of the correspond-
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In the last paragraph of this section a discussion based on the In Fig. 5, the range-time-spectral width is plotted on the

spectra for this night gives support to the above observationssame night. The spectral width, as defined by Eq. (21)
Normally, the irregularities are triggered after an upward of Woodman (1985), is obtained by an auto-covariance ap-

layer drift driven by an eastward electric field due to the postproach, and is presented in units of m/s instead of Hz. In par-

sunset F-layer dynamo mechanism. At others hours of thdicular, bottom-type and bottomside structures are identified

night an eastward electric field can also trigger ionosphericas structures of narrow spectral widths while plume struc-

irregularities. As seen from the Doppler data in Fig. 3b, thetures are identified as broad spectral width structures. Dif-

F-region plumes showed predominantly large upward verti-ferent bottomside structures at different altitudes are evident

cal drifts from 21:50 UT up to 23:10 UT, a downward drift from Fig. 5, which were also noted in Fig. 4. It confirms the

from 23:10 to 23:20 UT and again an upward drift from aforementioned properties of spectra.

23:20 up to 23:40 UT. These fluctuations are coincident with

the corresponding strong auroral activity from 20:00 UT up . )

to the midnight period, as can be observed by the AE in-4 Discussion

dex. After 23:40 UT, just one bottomside layer remained . ) i )
through midnight (no radar measurements were made afin this event, there is evidence that, besides the normal post-

ter midnight). Note the bottomside layer drifting downward sunset eastward F-layer dynamo electric field, there was also

(represented by blue after23:00 UT in Fig. 3b) and the si- the prompt pepgtration of eastwarq electric fields of mag-
multaneous eastward drifts (see the bottom panel). This i&'€toSpheric origin and westward disturbance dynamo elec-
also the bottomside behaviour during quiet time conditions. ic fields that lifted the F-layer abnormally during the entire
The zonal drifts of the irregularity structures below night of 11/12 Aprll,.creat|.ng co_ndlt_lons for the irregularities
600km, as seen in Fig. 3c, are predominantly westward durl® 9row and to persist during this night.
ing 22:15-22:50 UT and then turned eastward up to the end '€ linear growth rate equation in its simplest form, ne-
of the measurements. Such zonal characteristics were alsg€cting nighttime E-region conductivity (Ossakow, 1981),
observed by Basu et al. (1996) during the disturbed nightS-
(2-3 October 1994), where they found that the irregularity 1 g
structure below 500 km moves westward initially and turns ¥z = Ly <§ + v_) )
to eastward lately. This is the usual zonal velocity charac- "
teristic of the bottom-type and bottomside layer under quietwhere Ly is the electron density gradient scale length given
time conditions and this gives an indication that the low al- by Ly'=(1/N)(dN/dh), N is the ambient electron density, E
titude ionosphere was not affected by the storm. In contrasts the eastward electric field, B is the magnetic flux density,
to the eastward moving plume during quiet time the plumesg is the gravitational acceleration, ang is the ion-neutral
observed in our observations during 22:20 to 23:00 UT andcollision frequency. Hence, the favourable conditions for the
from 600 to 800 km do not show any well-defined eastwardinstabilities to grow, besides the vertical drift E/B, are a small
motion. On the other hand, it shows one periodic tendencyion-neutral collision frequency and a steep electron density
from eastward to westward velocities and could be probablygradient. From the true height profiles of the two ionograms
due to the storm. Such periodic zonal velocity characteris-presented in Fig. 2, it can be inferred that on the storm night,
tics of irregularity structures was also observed by Basu e@ll of the above factors were most favourable. The growth
al. (1996) during storm conditions. ratey; was calculated using the values of Iderived from
In order to further elucidated the nature and dynamics oftrue height profiles, and the, were obtained from standard
the plasma irregularities, Fig. 4 presents the sequence citmospheric models; was 2.0<10~3s~1 at 22:00 UT (the
spectra during 22:00-23:57 UT for the 30-min interval for spreadrF’ onset time) on the storm night (11/12 April), which
the 11 April 2001 night. The spectra are plotted every 20-kmis much larger than its value of8610x ~3s~! at~22:15 UT
altitude interval with the lowest altitude as 400 km at the bot- on the control night (9/10 April). Similarly, at 07:45 U¥;
tom and the horizontal bars represent the maximum intensitywas 032x10-3s~1 and—0.4x10-3s1, respectively, under
The spectra above 900 km at t=22:00 UT in Fig. 4 show anspreadF and non-spread conditions.
enhanced fluctuation level at all frequencies, as compared to It is pertinent to note that the plumes observed by the
lower altitudes spectra at the same time. The spectra in theadar lasted until about 23:40 UT while the digisonde
intermediate altitudes (400—1000 km) at 22:30 and 23:00 UTstrong spread® continued up to the post-midnight period
are broad and similar to the earlier observations (Woodmarand GHz scintillations showed a secondary peak in the
and LaHoz, 1976). They indicate the presence of the faspost-midnight period. This suggests that the kilometer to
ascending structures (bubbles). Moreover, the velocities ohundreds of meters scale size irregularities responsible for
these structures peak at three different altitudes (600, 808pread F and GHz scintillations and the 5-m scale size
and 875km) at t=22:30 UT. They indicate the presence ofirregularities producing the radar backscatter topside plumes
three different bubbles originated from different bottomside are simultaneously generated, but the small-scale sizes decay
structures at different altitudes. It is quite possible that thefaster (Rodrigues et al., 2004). Since there was no radar
two top structures were not locally generated and could havalata in the post-midnight period, it cannot be ascertained
drifted over @0 Lus from other longitudes. if the secondary peak in scintillation is associated with any
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Fig. 5. The Range-Time-Spectral width plot on 11-12 April 2001.

corresponding radar signature. An intriguing question iswhy5 Conclusions

the F-layer remained at high altitude all through the storm

night. One possibility is that the eastward magnetospheric ) ) o _ )
electric field due to enhanced and decreased magnetosphef¥e have investigated the characteristics of ESF irregulari-
convection penetrated directly to low latitudes, and at somdi€s over the Brazilian equatorial statioracsLus, during
time after the SSC, the disturbance dynamo, due to the actiof!® magnetic storm of 11 April 2001 using a variety of tech-
of disturbance winds, became effective. Together, thesdlidues. These observations (and also analys_lngthe _radar data
effects might account for this anomalous F-layer behaviourSPectrum) recall that (1) the spreadn the digisonde iono-
and for triggering the irregularities. The present results (thed"@ms was observed at all nights in the period of 9-13 April
sustenance of spread and scintillation in the post-idnightFig- 1 shows data only for the days 10-12 April), but with
period) are in agreement with the frequent occurrence of af@rger intensity and duration on the storm night 11-12 April,
eastward disturbance electric field in the 03:00-09:00 UT(2) the GPS amplitude scintillations were observed mainly

sector at middle and low latitudes (Fejer et al., 1990; ReddyPnlY at the storm night, (3) the radar plumes (topside layers)
and Nishida, 1992). seen on the storm night reached more than 1200 km in alti-

tude, its portions located between 600 to 800 km at 21:50 UT
were not preceded by a normal quiet-time bottom-type layer
and were drifted from another longitudinal zone, differently
Long-term campaigns involving théi8 Lus radar are be-  from the lower structure that was generated locally and was
ing conducted, and the resulting data, in conjunction withpreceded by the bottom-type layer, (4) the plume from 900
data from GPS receivers, the digisonde, and the magnetomée 1200 km in the time interval of 21:50 UT to 22:20 UT is
ter, will allow us to study in more detail ionospheric irregu- a very turbulent and fast upward structure that probably also
larities during magnetic storms. drifted over @0 Lus from the eastern longitude sector since



E. R. de Paula et al.: lonospheric irregularities over the Qs station 3521

this structure is moving westward, (5) the plumes had peri-ledges the award of the visiting fellowships by CNPq under process
odic eastward and westward zonal velocities after 22:20 UT301213/00-3. F. S. Rodrigues is thankful to FAPESP for financial
when well-developed quiet-time plumes typically drift east- support under Process 00/13325-5.
ward, (6) the bottom-type structure below 600 km height was _ Topical Editor M. Lester thanks M. Keskinen and another
moving upward and westward and the bottomside structurdeferee for their help in evaluating this paper.
also below 600 km height was moving down and eastward,
similar to the quiet-time behaviour and gives evidence that
they were not affected by this storm, (7) the F-layer remaineaReferences
"’.m_omalousw high all through.the storm night, aft'elr Its up- Aarons, J.: The role of the ring current in the generation or inhi-
lifting around 21:00 UT, creating favourable conditions for pjtion of equatorial F-layer irregularities during magnetic storm,
ionospheric irregularities to grow and persist throughout the  Radio Sci., 26, 1131-1149, 1991.
night. Abdu, M. A., Sobral, J. H. A., Nelson, O. R., and Batista, I. S.: Solar
The ascent of the F-region during the post-sunset pe- cycle related range spreddcharacteristics over equatorial and
riod and its unsual maintenance at anomalous high altitudes ow latitude stations in Brazil, J. Atmos. Terr. Phys., 47, 901—
throughout the storm night of 11/12 April is interpreted as 905, 1985. o
being due to the combined effects of the prompt penetra/Pdu. M- A., Batista, I. S., and Sobral, J. H. A.: Equatorial iono-
tion magnetospheric electric field and delayed disturbance SPReric electric fields during magnetospheric disturbances: Lo-
dynamo electric field to the equatorial ionosphere. The evi- gaL\'trrunrr;es/Lfer:gr]|t|l;ﬁesde5p7en1d0e6n5c_elsogzmlgzgent EITS campaigns.
dence for this is inferred from the VHF radar drift data, high apg, wm. A Deﬁard?/ni:'c. M., Sobral, J. H. A., Batista, I. S., Mu-
latitude indices, and IMBB; variations. It is found from the ralikrishna, P., and de Paula, E. R.: Equatorial electrojet irreg-
height profiles of ionograms that particularly favourable con-  yjarities investigations using a 50 MHz back-scatter radar and a
ditions for the R-T instability growth existed on the storm  digisonde at So Lus: some initial results, J. Atmos. Solar-Terr.
night. On that night, the temporal evolution of the irregular-  Phys., 64, 1425-1434, 2002.
ities, as seen by the digisonde, GPS scintillation receiversAbdu, M. A.: Outstanding problems in the equatorial ionosphere-
and the VHF radar, which are sensitive to different irregu- thermosphere electrodynamics relevant to spread F, J. Atmos.
larity spatial scales, suggests that all scale sizes (from a few Solar-Terr. Phys., 63, 869-884, 2001.
tens of km to 5 m in this case) were generated simultaneousl{@sU. S.. Kudeki, E., Basu, Su., Valladares, C. E., Weber, E. J.,
and that the smaller scales, seen by the radar, decayed faster2€"9ingonul, H. b, Bhattacharyya, S., Sheehan, R., Meriwether,

than the larger scales observed by the digisonde. However J. W., Biondi, M. A, Kuenzler, H., and Espinoza, J.: Scintil-
9 y 9 ) ' lations, plasma drifts, and neutral winds in the equatorial iono-

the GPS amplitude scintillations were observed mainly in the sphere after sunset, J. Geophys. Res., 101, 26 79526 809, 1996.
storm night. Basu, Su., Basu, Sa., Valladares, C. E., Yeh, H.-C., Su, S. -Y,,
The VHF radar RTI (Range Time Intensity) echoes MacKenzie, E., Sultan, P. J., Aarons, J., Rich, F. J., Doherty, P.,
and their power spectra/spectral width for the storm night Groves, K. M., and Bullet, T. W.: lonospheric effects of major
11/12 April were used to analyse the nature and dynamics magnetic storms during the international space weather period
of the plasma irregularities and revealed the coexistence of of September and October 1999: GPS observations, VHF/UHF
3 structures in the altitudinal range of 400—1200 km around Scintillations, and in situ density structures at middle and equa-
22:30 UT (see Figs. 4 and 5) and we suggest that one of them tgrlal latitudes, J. Geophys. Res., 106, 30 389-30 413, .2001.
was locally generated, presenting the normal bottom-type>2iSta |- S., de Paula, E. R., Abdu, M. A., and Trivedi, N. B.:
- lonospheric effects of the 13 March 1989 magnetic storm at low
layer around 500km, while the other 2 structures that . .
. N and equatorial latitudes, J. Geophys. Res., 101, 10887-10892,
appeared around 22:00 UT in the altitudinal range of 600 ;997
to 800km drifted from another longitudinal sector. The geach T. L. and Kintner, P. M.: Simultaneous Global Positioning
spectra in Fig. 4, in the altitudinal range of 850 to 1200km  system observations of equatorial scintillations and total elec-
at 22:00 UT, show an enhanced fluctuation level at all tron content fluctuations, J. Geophys. Res., 104, 22 553—22 565,
frequencies as compared to lower altitude spectra, and it is 1999.
drifting upward and westward and probably also drifted overBeach, T. L. and Kintner, P. M.: Development and use of a GPS
S30 Lus. ionospheric scintillation monitor, IEEE Trans. Geosci. and Rem.
Sensing, 39, 918-928, 2001.
Blanc, M. and Richmond, A. D.: The ionospheric disturbance dy-
AcknowledgementsThe VHF radar at 8 Lus was established namo, J. Geophys. Res., 85, 1669-1686, 1980.
with the financial support from FAPESP under the processde Paula, E. R. and Hysell, D. L.: Théd® Lus VHF coherent
99/00026-0. This work was supported by the NSF grant ATM-  scatter radar: system description and initial results, Radio Sci.,
0080338 to Cornell University. The authors are grateful to B. G. 39, RS1014, doi:10.1029/2003RS002914, 2004.
Fejer and M. A. Abdu for the valuable discussions, to A. C. Neto Fejer, B. G.: Equatorial ionospheric electric fields associated with
and his team at® Lus for equipments operation and data acqui- magnetospheric disturbances, in: Solar wind-magnetosphere
sition. E. R. de Paula is thankful to CNPq for the partial support coupling, edited by Kamide, Y. and Slavin, J. A., Tokyo: Terra
under Process 502223/91-0. E. A. Kherani acknowledges the award Scientific, 519-545, 1986.
of the visiting fellowships by CNPq under Process 302122/02-8Fejer, B. G., Kelley, M. C., Senior, C., De la Beaujardiere, O., Holt,
and by FAPESP under Process 04/01272-5. K. N. lyer acknow- J. A., Tepley, C. A., Burnside, R., Abdu, M. A., Sobral, J. H.



3522 E. R. de Paula et al.: lonospheric irregularities over &@l$is station

A., Woodman, R. F., Kamide, Y., and Lepping, R.: Low- and Ossakow, S. L.: Sprea#-theories — A review, J. Atmos.Terr. Phys.,

mid-latitude ionospheric electric fields during the January 1984 43, 437-452, 1981.

GISMOS campaign, J. Geophys. Res., 95, 2367-2377, 1990. Reddy, C. A. and Nishida, A.: Magnetospheric substorms and night
Fejer, B. G.: The electrodynamics of the low-latitude ionosphere: time height changes of the F2-region at middle and low latitudes,

recent results and future challenges, J. Atmos. Terr. Phys., 59, J. Geophys. Res., 97, 3039-3061, 1992.

1465-1482, 1997a. Reinisch, B. W., Bibl, K., Kitrosser, D. F., Sales, G. S., Tang, J. S.,

Fejer, B. G.: Natural ionospheric plasma waves, in: Modern lono- Zang, Z.-M., Bullet, T. W. and Ralls, J. A.: The digisonde 256
spheric Science, Max-Planck IngfirfAeron., Lindau, Germany, ionospheric sounder, WITS Handbook, Vol. 2, edited by Liu, C.
216-273, 1997b. H., 350, 1989.

Fejer, B. G. and Scherliess, L.: Time dependent response of equatdRodrigues, F. S., de Paula, E. R., lyer, K. N., Kintner, P. M.,
rial electric fields to magnetospheric disturbances, Geophys. Res. Abdu, M. A., and Jardim, A. C.: Equatorial spread F irregular-
Lett., 22, 851-854, 1995. ity characteristics over@ Lus, Brazil, using VHF radar and

Fejer, B. G., Scherliess, L. and de Paula, E. R.: Effects of the verti- GPS scintillations techniques, Radio Sci., 39, No 1, RS1S31,
cal plasma drift velocity on the generation and evolution of equa-  doi:10.1029/2002RS002826, 2004.
torial spread F, J. Geophys. Res., 104, 19859-19870, 1999. Scherliess, L. and Fejer, B. G.: Storm time dependence of equatorial

Hysell, D. L. and Woodman, R. F.: Imaging coherent backscatter disturbance dynamo zonal electric fields, J. Geophys. Res, 102,
radar observations of topside equatorial spread F, Radio Sci., 32, 24 037-24046, 1997.

2309, 1997. Somayajulu, V. V., Reddy, C. A., and Viswanathan, K. S.: Pene-
Hysell, D. L. and Burcham J. D.: Julia radar studies of equatorial tration of magnetospheric electric field to equatorial ionosphere
spread F, J. Geophys. Res., 103, 29 155-29 167, 1998. during the sub storm of March 22, 1979, Geophys. Res. Lett., 14,

Hysell, D. L. and Burcham, J. D.: Long term studies of equatorial 876—879,1987.
spreadF using JULIA radar at Jicamarca, J. Atmos. Solar-Terr. Spiro, R. W., Wolf, R. A. and Fejer, B. G.: Penetration of high
Phys., 64, 1531-1543, 2002. latitude electric fields effects to low latitudes during SUNDIAL
Kelley, M. C., Hysell, D., and Musman, S.: Simultaneous Global 1984, Ann. Geophys., 6, 39-50, 1988.
Positioning System and radar observations of equatorial spreadlVeber, E. J., Basu, S., Bullet, T. W., Valladares, C., Bishop, G.,
F at Kwajalein, J. Geophys. Res., 101, 2333-2342, 1996. Groves, K., Kuenzler, H., Ning, P., Sultan, P. J., Sheehan, R. E.,
Kikuchi, T. and Araki, T.: Horizontal transmission of the polar elec-  and Araya, J.: Equatorial plasma depletion precursor signatures
tric field to the equator, J. Atmos. Terr. Phys., 41, 927-936, 1979. and onset observed at?4outh of magnetic equator, J. Geophys.
Kil, H. and Heelis, R. A.: Global distribution of density irregulari- Res., 101, 26 829-26 838, 1996.
ties in the equatorial ionosphere, J. Geophys. Res., 103, 407-41%¥oodman, R. F. and La Hoz, C.: Radar observations of F-region

1998. equatorial irregularities, J. Geophys. Res., 81, 5447-5466, 1976.
Musman, S., Jahn, J.-M., Labelle, J. and Swartz, W. E.: ImagingWoodman, R. F. A.: Spectral moment estimation in MST radars,
spreadf’ structures using GPS observations atéiitara, Brazil, Radi Sci., 6, No 6, 1185-1195, 1985.

Geophys. Res. Lett., 24, 1703-1706, 1997.



