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Abstract. The response of the ionospheric F-region in thetion Rawson (geom. Lat. 33>5) and map at the magnetic
South American sector during the super geomagnetic stormequator at an altitude of about 2500 km.

on 29 and 30 October 2003 is studied in the present investi: .
gation Keywords. lonosphere (lonosphere-magnetosphere interac-

tions; lonospheric disturbances; lonospheric irregularities)
In this paper, we present ionospheric sounding observa-

tions during the period 29-31 October 2003 obtained at Pal-

mas (a near equatorial location) and Sao Jose dos Campos

(a location under the southern crest of the equatorial ionol Introduction

spheric anomaly), Brazil, along with observations during the

period 27-31 October 2003 from a chain of GPS stationsnteractions between the magnetosphere and the ionosphere
covering the South American sector from Imperatriz, Brazil, during intense geomagnetic storms continue to be an impor-
to Rio Grande, Argentina. Also, complementary observa-tant subject related to space weather studies. lonospheric
tions that include sequences of all-sky images of the O 777.4torms are closely associated with geomagnetic storms.
and 630.0 nm emissions observed at El Leoncito, ArgentinaBuonosanto (1999) has indicated that ionospheric storms
on the nights of 2829 (geomagnetically quiet night) andrepresent an extreme form of space weather with important
29-30 (geomagnetically disturbed night) October 2003, ancffects on ground and space-based technological systems. As
ion densities observed in the South American sector by thé&lescribed by Gopalswamy et al. (2005) the solar-terrestrial
DMSP F13, F14 and F15 satellites orbiting at about 800 kmevents of late October and early November 2003, popularly
on 29 and 30 October 2003 are presented. In addition, g|obd1eferred as the Halloween storms, represent the best observed
TEC maps derived from GPS observations collected fromcases of extreme space weather activity observed to date
the global GPS network of International GPS Service (IGS)and have generated research covering multiple aspects of so-
are presented, showing widespread and drastic TEC changé&' eruptions and their space weather effects. Tsurutani et
during the different phases of the geomagnetic disturbanceg!l- (2005) and Sahai et al. (2005) have mentioned that on 28
The observations indicate that the equatorial ionospheric irand 29 October launch of fast coronal mass ejections (CMEs)

regularities or plasma bubbles extend to the Argentinean stawere associated with the solar flares and their impacts on
the Earth’s magnetosphere resulted in major geomagnetic

storms on 29 and 30 October (Halloween storms). The geo-
magnetic storms on the 29 and 30 October (and their inter-

Correspondence toY. Sahai planetary causes) were discussed in greater detail by Wu et
BY

(sahai@univap.br) al. (2005) and Mannucci et al. (2005). Several investigators
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Fig. 1. Time variations of the&k,, Ds; and AE geomagnetic indices
for the period 29 to 31 October 2003.

Fig. 2. Map showing the locations of the ionospheric sounding, all-

. . . L. sky nightglow imaging and GPS stations.
have studied the response of the ionospheric F-region in theky g ong

equatorial and mid-latitude regions during the October 2003

Halloween storms (e.g., Basu et al., 2005, 2007; Foster and ] ) ) )

Rideout, 2005; Lin et al., 2005; Zhao et al., 2005; Sahai et'?”oslf)he“C response during geomagnetic storms: _electrlc
al., 2005; Yizengaw et al., 2005; Chi et al., 2005; Batista etfi€lds (solar wind- magnetosphere dynamo (e.g., Senior and
al., 2006; Garner et al., 2006; Abdu et al., 2007, 2008; Huang?!anc. 1984; Spiro et al., 1988; and Tsurutani et al., 2008),
et al., 2007; Mannucci et al., 2008; Perevalova et al., 2008and ionospheric disturbance dynamo (e.g., Blanc and Rich-
Tsurutani et al., 2008; Verkhoglyadova et al., 2008). mond, 1980), winds (transport of energy from high latitude

: . Joule heating or Lorentz forcing) in the form of traveling
During the recent past several excellent reviews relate LSS ]
: . atmospheric disturbances (TADs) (e.g., Buonosanto, 1999;
to the effects of geomagnetic storms on the equatorial .

and mid-latitude ionospheric regions have been publishet?“COIIS etal., 2004), and composition changes (©flio)

(e.g., Schunk and Sojka, 1996; Abdu, 1997; Buonosanto,e'g_" Zhang etal., 2003; Meier et al., 2005). S
1999; and Tsurutani et al., 2008). However, studies of Figure 1 shows th&,, Ds,, and AE geomagnetic indices
magnetosphere-ionosphere interactions during intense ge@Pserved during the period 29-31 October 2003. Consider-
magnetic storms at equatorial and mid-latitude regions coninNg an intense geomagnetic storm wifh; max| > 250 nT as

tinue to attract considerable attention of different investi- & Superstorm, two superstorms were observed during the pe-

study for the ionospheric storm is still important to enrich Ment (SSC) at 06:11UT on 29 November and a sudden im-
our current understanding and to verify whether the ob-Pulse at 10:29 on 30 October. ThBy,max reached 363nT
served storm effects can be explained by the established thét 01:00 UT and 401 nT at 23:00 UT on 30 October. The AE
ories. The continued interest in these studies is related tdndex variations show that this index attained several times
the lack of understanding and our inability to predict well Values greater that 2500 nT during the period 29-30 October.
the space weather response of the thermospheric and iono- The principal objectives of this paper have been to
spheric regions. It appears that there are several drivers of these the multi-instrument, multi-site optical/radio techniques
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Fig. 3. Plots of the virtual height variations for six different frequencies (iso-frequency plots) observed at Palmas (top panel) and Sao Jose
dos Campos (bottom panel), Brazil, for the UT days 29 to 31 October 2003. Also, the local time is shown at the top.

observation to investigate the generation and latitudinal ex2 Observations
tent of equatorial ionospheric irregularities, also known as
equatorial spread-F (ESF), and ionospheric dynamics in thén this paper, several F-region observations carried out in
South American sector during the superstorms on 29 andhe South American sector during the period 27—-31 October
30 October. Of the late, the earlier view that a geomag-2003 are presented and discussed. Figure 3 shows the iso-
netic storm suppresses the generation of the ESF is no longdrequency plots (virtual height variations of the ionospheric
valid (e.g., Tsurutani et al., 2004; Becker-Guedes et al.F-region at six frequencies obtained every 100 s) from iono-
2004; Martinis et al., 2005; Chakrabarty et al., 2006). How- spheric sounding observations using the Canadian Advanced
ever, several investigators have reported ESF in post midDigital lonosonde (CADI) (Grant et al., 1995; Abalde et al.,
night period during geomagnetic disturbances earlier. Sta2001) operational at Palmas (10.2 S, 48.2W; dip lat. 5.3 S;
tistical analysis of ESF on geomagnetic quiet and disturbechereafter referred as PAL) and Sao Jose dos Campos (23.2 S,
days showed that ESF in the post midnight period could45.9W; dip lat. 17.2 S; hereafter referred as SJC), Brazil, on
be more on disturbed days during low sunspot years an@9 and 30 October 2003. Figure 4 shows the sequences of
J-months (northern summer months) (Chandra and Rastogthe all-sky nightglow images (Ol 630nm and Ol 777.4nm
1972). Rastogi et al. (1978) showed increase of ESF on disemissions) obtained at El Leoncito (31.8 S, 69.3W; dip lat.
turbed days or high Kp days at Huancayo, Peru, in post mid-7.0 S), Argentina (Martinis et al., 2006), on the night of
night periods. A case study carried out by Rastogi and Wood28—-29 October 2003, a geomagnetically quiet night (iono-
man (1978) showed how ESF was triggered in the post mid-spheric irregularities or plasma bubbles were observed be-
night period due to sudden changes in IMF when F-regiontween about 01:10 to 05:15UT). Figure 5 shows the se-
rises fast. Figure 2 and Table 1 show details of the iono-quences of the all-sky nightglow images (Ol 630nm and
spheric sounding, all-sky imaging, and GPS stations used if®! 777.4 nm emissions) obtained at El Leoncito on the night
the present investigation. Also, some details of the apex poinbf 29-30 October 2003, a geomagnetically disturbed night
(dip latitude = 0) for different observing stations are given in (ionospheric irregularities or plasma bubbles were observed
Table 1. The apex height was calculated by tracing the geobetween about 02:15 to 04:45 UT). It should be mentioned
magnetic field lines passing through the observed irregularthat due to the moon phase no airglow imaging observations
ities (altitude 300 km) using the International Geomagneticwere possible during the earlier parts of the nights on 28—
Reference Field 2000 model (Mandea and Macmillan, 2000)29 and 29-30 October. Figures 6 and 7 show the variations
of the ion density observed from the DMSP F13, F14 and
F15 satellites orbiting at an altitude of about 840 km, pass-
ing through the South American sector, on the nights of
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Table 1. Locations of the digital ionospheric (DI) sounding, all-sky airglow (Ol 630 and 777.4 nm emissions) imaging and GPS stations.

Also, apex point (dip latitude = 0) details are given.
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Location
Symbol
(Network)

Obs.
Lat.

Geog.

Geog.

Long.

Dip

Lat.

Declina

Local Time

(LT

Apex Point

Altitude

Declina

Imperatriz
IMPZ
(RBMC)
Palmas

PAL
(UNIVAP)
Brasilia
BRAZ
(RBMC)
Presidente Prudente
UEPP
(RBMC)
Sao Jose dos Campos
SJC
(UNIVAP)
Salta

UNSA
(SIRGAS)
Porto Alegre
POAL
(RBMC)

El Leoncito
LEO

(BU)

La Plata
LPGS
(SIRGAS)
Bahia Blanca
VBCA
(SIRGAS)
Rawson
RWSN
(SIRGAS)
Rio Grande
RIOG
(SIRGAS)

GPS 055S
DI 10.2S
GPS 15.9S
GPS 2233
DI 232
GPS 24%S
GPS 30%1S
IMAGER 31.8S
GPS 349
GPS 385
GPS 43°3S

GPS 53°8%

47.5 W

48.2 W

47.9 W

51.84W

459 W

65.4 W

51.PW

69.3 W

57.9 W

62.3 W

65.2 W

67.8 W

15°S

5.3S

10.3S

13.8S

17.2S

11.6S

19.8°S

17.0°S

20.9S

22.6S

25.3S

31.8S

18.9W

18.8 W

18.6 W

157 W

20.2W

4.5 W

13.5W

16 E

6.3 W

0.7W

40E

11.7PE

LT=UT-3h

LT=UT-3h

LT=UT-3h

LT=UT-3h

LT=UT-3h

LT=UT—-4h

LT=UT-3h

LT=UT—4h

LT=UT—4h

LT=UT—4h

LT=UT—4h

LT=UT—4h

308.2km

366.7 km

537.8km

749.6 km

973.7km

630.0 km

1311.7km

1070.4km

1554.6 km

1887.9km

2499.4km

4815.7km

18.6W

17.8W

16.8W

149W

15.4W

6.8W

12.2W

4.3W

8.9W

6.8W

5.24W

4.0W

29-30 October 2003 and 30 October 2003 (UT). Figure 8for a quiet day before the storm-time for a comparison. Fig-
shows the time rate change of TEC (TECU/min), also knownure 10 shows eight “Global lonospheric TEC (total electron
as phase fluctuations (Aarons et al., 1996), using data froncontent)” maps (Mannucci et al., 1998) from about 100 GPS
different GPS stations. It should be pointed out that thereceiver stations obtained between 29-31 October. Figure 11
phase fluctuations represent ionospheric irregularities of theshows six GPS-based TEC maps (obtained from the website
order of kilometers (Aarons et al., 1997). Figure 9 showshttp://cdaweb.gsfc.nasa.gov./ppys) from the global GPS

the plot of the average vertical total electron content (VTEC) network for the same UT on geomagnetically quiet days (27—
obtained using global positioning system (GPS) satellites28 October; left column) and geomagnetically disturbed or
(above 30-degree elevation) at several GPS receiving staecovery days (29—31 October; right column). The brief de-
tions in the South American sector. The VTEC for calcu- scriptions of the figures given in this section are discussed
lating the average used the algorithm presented by Brunini etvith more detail in the next section.

al. (2003). The red line is the day’s data and the green line is

Ann. Geophys., 27, 4463477, 2009 www.ann-geophys.net/27/4463/2009/
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El Leoncito 630.0 nm, 29 Qctober 2003

[ 18UT

-1
QOctober 2003

Fig. 4. A sequence of the F-region all-sky nightglow images obtained at El Leoncito, Argentina, on the night of 28—29 October 2003 (quiet
night). The top panel shows the Ol 630.0 nm emission images and the bottom panel shows the Ol 777.4 nm emission images.

3 Results and discussion On the evening of 30 October, the uplifting was much
stronger and was observed both at PAL and at SJC. At PAL,
An analysis of the ionospheric sounding, all-sky F-region the uplifting was at a rate of about 170 m/s. As described by
nightglow imaging, and GPS observations obtained at sevHuang (2008), the enhancement of the upward plasma drift
eral stations in the South American sector during the supetiriven by eastward penetration electric field was measured
geomagnetic storms on 29 and 30 October 2003 are prepy the DMSP satellite. The increase of the vertical drift is
sented and discussed. After the SSCs on 29 and 30 Octzhout 180 m/s, consistent with the uplifting of 170 m/s es-
ber, unusual uplifting of the F-layer, due to penetration elec-timated from the PAL digital ionosonde data. The unusual
tric fields, in the equatorial region during the pre-reversal en-jiting of the F-layer in the equatorial region on 29 and 30
hancement periods on both days were observed (points 1 andctober during the pre-reversal period resulted in the gen-
2; Fig. 3). As described by VanZandt et al. (1971; see alsceration of equatorial ionospheric irregularities and plasma
Sastri et al., 2002) the most direct and easily observed effectgubbles in the Brazilian sector (Figs. 3 and 8). Also, Fig. 8
of E x B drift are changes in the height of the F-region. It shows that the Argentinean stations (UNSA, LPGS, VBCA
should be mentioned that the geomagn&tjcindex was de-  and RWSN), with geomagnetic field lines west of the Brazil-
creasing rapidly during these periods and the eastward penan sector (see Table 1), have strong phase fluctuations close
etration electric field was particularly enhanced due to theto the pre-reversal enhancement period (after local sunset)
global electric field. As mentioned by Basu et al. (2007), in indicating the presence of equatorial ionospheric irregulari-
the dusk sector, the eastward penetration electric field, assafes and plasma bubbles on the nights of 29-30 (ionospheric
ciated with rapidD,, decrease, adds to the post-sunset eastirreqgularities or plasma bubbles in the South American sector
ward E-field because of the F-region dynamo, and this enwere observed between about 22:00 to 08:00 UT; see Fig. 8)
hanced E-field at dusk causes a rapid uplift of the ionosphergind 30-31 October (ionospheric irregularities or plasma bub-
and sets off plasma instabilities. bles in the South American sector were observed between
about 21:00 to 04:00 UT; see Fig. 8). Since the investigation

www.ann-geophys.net/27/4463/2009/ Ann. Geophys., 27, 44682-2009
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El Leencite 830.0 nm, 30 QOctober 2003

Fig. 5. A sequence of the F-region all-sky nightglow images obtained at El Leoncito, Argentina, on the night of 29-30 October 2003
(geomagnetically disturbed). The top panel shows the Ol 630.0 nm emission images and the bottom panel shows the Ol 777.4 nm emissior
images.

of ionospheric irregularities up to RWSN is based on phaseSouth American sector were observed between about 22:00
fluctuations (Fig. 8), the scale size of the ionospheric irregu-to 06:00 UT; see Fig. 8). Figure 8 shows that the ionospheric
larities is of the order of kilometers (Aarons et al., 1997). A irregularities extend to POAL on the night of 27—28 October
perusal of Table 1 indicates that observed ionospheric irregbut is limited up to UEPP on the night of 26—27 October. The
ularities or plasma bubbles at the Argentinean station RWSNonospheric sounding observations at PAL and SJC on these
will map at the magnetic equator at an altitude of aboutnights indicate this could be associated with the day-to-day
2500km. This is in conformity with Sahai et al. (1994), variability in the evening height rise of the F-region.

where it was indicated that the plasma bubbles attain very ] ) )

high apex altitudes. Figures 4 and 5 showing the F-region 1h€ Argentinean station RIOG (dip lat. 31.8; geomag. lat.
all-sky imaging observations also indicate that the observed3-6 S), @ high mid-latitude station, shows very low VTEC
plasma bubbles are well within the observational field of (S€€ Fig. 9) with very low VTEC fluctuations close to the
view on the geomagnetically quiet night of 28-29 October, SUnset time on the nights of 29-30 and 30-31 October but
whereas on the night of 29-30 October with geomagneticaccompa“'ed with very large phase fluctuations after about

disturbance, the observed plasma bubbles cut across the fiefef-00 UT on both the nights. The large phase fluctuations
of view. These observations are also in line with Sahai etoPServed are associated with mid-latitude spread-F during

al. (1994). On the nights before the geomagnetic stormgl€omagnetic activity as described by Bowman (1984). The
viz., 26-27 (ionospheric irregularities or plasma bubbles inStation RIOG could be within the sub-auroral pplarlzatlon
the Brazilian sector were observed between about 00:00 t§treams (SAPS) (Huang and Foster, 2007) region or even
04:00 UT; see Fig. 8), 27-28 (ionospheric irregularities or Southward of the SAPS region during the intense geomag-
plasma bubbles in the South American sector were observef€lc¢ storms. When the station is in or close to the SAPS re-
between about 23:00 to 06:00 UT; see Fig. 8), and 28—2410N, the VTEC must be very low. Also, ionospheric sound-

October (ionospheric irregularities or plasma bubbles in theN9 observations at Port Stanley (51.6 S, 57.9 W), close to
Rio Grande, show the presence of spread F on the ionograms

Ann. Geophys., 27, 4463477, 2009 www.ann-geophys.net/27/4463/2009/
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Fig. 6. Variations of the ion density observed from the DMSP F13, F14 and F15 satellites orbiting at an altitude of about 840 km in the South
American sector on the night of 29-30 October 2003 (UT).

on both the nights of 29—30 and 30—-31 October. No spread-kcally quiet night). Figure 5 shows similar sequences of
was observed at Port Stanley on the night of 28-29 Octobethe all-sky nightglow images (Ol 630nm and Ol 777.4nm
(a geomagnetically quiet night). It should be pointed out thatemissions) obtained at El Leoncito on the night of 29-30
because the station Rio Grande could be within in the SAPSDctober 2003 (a geomagnetically disturbed night). Also,
region, the ionospheric behavior at this station is very differ-the ray-like structures seen clearly with the 777.4nm emis-
ent from other stations. sion are due to very small life time of this emission as de-

Figure 4 shows the sequences of the all-sky nightglowscribed in detail by Abalde et al. (2001). A perusal of the
images from the F-region Ol 630nm and Ol 777.4 emis- Ol 630 nm images shown in Fig. 4 clearly indicates that be-
sions, obtained at El Leoncito, Argentina (Martinis et al., Ween 04:06 UT (00:06 LT) and 05:36 UT (01:36 LT) plasma

2006), on the night of 28-29 October 2003 (a geomagnet-bUbbles are drifting toward east on this geomagnetically quiet

www.ann-geophys.net/27/4463/2009/ Ann. Geophys., 27, 44682-2009
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Fig. 7. Variations of the ion density observed from the DMSP F13 and F14 satellites orbiting at an altitude of about 840 km in the South
American sector on the night of 30 October 2003 (UT).

night. At 05:05UT (01:05LT) the Ol 630 nm image shows in the evening sector. The time given in Fig. 6a, such as
strong increase in intensity nearly in the full field of view in- 21:13-21:49 UT, is the time interval during which the satel-
dicating that possibly the F-layer came down at this time.lite moves from -60 to 60 degrees magnetic latitudes. Again,
The all-sky imaging observations of the Ol 777.4nm andin Fig. 6a, 314 Glong refers to the longitude for the mag-
0Ol 630.0 nm emissions on the night of 28—-29 October (quietnetic equator crossing and 18:48 MLT refers to the magnetic
night) show ionospheric plasma bubbles drifting to east (nordocal time at the magnetic equator. This MLT should be very
mal), whereas on the geomagnetically disturbed night of 29-¢lose to LT in the equatorial and low latitude regions. All
30 October, both the emissions show that the plasma bubblee plots in Figs. 6 and 7 show a dip in ion density close to
drift towards west (not normal). The present results during40 degrees north 40 degrees south magnetic latitude during
the geomagnetic disturbance are similar to the observationthis geomagnetically disturbed period. This possibly indi-
in the Brazilian sector reported by Abdu et al. (2003) during cates that the plasmapause moved to lower magnetic latitudes
the major magnetic storm of 26 August 1998. As mentionedduring this intense geomagnetic disturbance (Huang and Fos-
by Abdu et al. (2003) the results point out to the dominantter, 2007; Horvath and Lovell, 2008). The low density region
role of a disturbance dynamo associated westward thermoat~40 magnetic latitudes is the region of the sub-auroral po-
spheric wind to maintain the plasma irregularity drift increas- larization streams (SAPS), and this region coincides with the
ingly westward going into postmidnight local time. mid-latitude trough during the intense geomagnetic storms.
Figures 6 and 7 show the variations of the ion densityFigures 6 and 7 show large equatorial plasma depletions dur-
observed from the DMSP F13, F14 and F15 satellites (e.ging several passages. These have been referred to as storm-
Basu et al., 2005, 2007; Huang et al., 2007; Huang, 2008)nduced big bubbles (SIBBs) (Kil et al., 2006).
orbiting at an altitude of about 840 km, passing through the Mendillo (2006) has recently reviewed storms in the iono-
South American sector, on the nights of 29-30 October 2003phere, patterns and processes for total electron content. Fig-
and 30 October 2003 (UT). The DMSP satellite moves fromure 9 shows average GPS-TEC observations (red lines) and
east to west and from the Southern to Northern Hemispheréndicate that several hours after the SSC on 29 October,
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Fig. 9. The average vertical electron content (VTEC) measured using different satellites (above 30 degrees elevation) at several GPS station:s
in the South American sector. The red line is the day’s data and the green line is for a quiet day before the storm.

the TEC variations undergo drastic enhancements. Duringo POAL. Again, negative storm phase starting after midnight
the daytime, associated with heating in the southern aurorabn 31 October (recovery phase) and continuing throughout
zone, large enhancement is observed at RIOG, propagatintpe daytime is seen from IMPZ to RIOG. The negative phase
to lower latitudes up to LPGS on 29 October. Similar but of the storm is due to composition (OfNatio) changes.

smaller enhancements are seen during the daytime on 30 O®uring the pre-reversal time on 29 and 30 October, the ge-
tober extending to POAL. However, the enhancements on 3@magnetic storm electric fields cause the crests of the Ap-
October are preceded by negative storm phase from RWSNleton anomaly to move much further south (Mannucci et
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Fig. 10. Eight global TEC maps, with 15-min resolution, produced at the Jet Propulsion Laboratory using GPS observations collected from
the IGS global GPS network. The red dots denote the locations of GPS stations.

al., 2005). The large gradients observed in the VTEC in the Figure 10 shows global TEC maps, produced at the Jet
southern Brazil and some of the Argentinean stations are du@ropulsion Laboratory with 15-min resolution using GPS ob-
to the geomagnetic storm that has moved the plasma awagervations collected from the IGS global GPS network, for
from the magnetic equator. Lin et al. (2005) have reportedseveral periods. The first map (Fig. 10a) between 16:00—
similar results during the October—November 2003 super-16:15 UT is before the unusual pre-reversal uplifting in the
storm periods. They have reported from the GPS-TEC meaequatorial region on 29 October. Figure 10b to d and g shows
surements that the equatorial ionospheric anomaly (EIA) ex<clearly that during the storms of 29 and 30 October prompt
panded to very high latitudes with large increases of TECpenetrating electric fields (PPEFs) in the dayside ionosphere
after the storm started. The present results are in conformitgaused extremé x B uplift of the equatorial ionospheric
with Mendillo (2006). anomalies (EIAs) (Verkhoglyadova et al., 2008). In addition,
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Fig. 11. Six GPS-derived global TEC maps also produced at the Jet Propulsion Laboratory, with 2-h resolution, for geomagnetically quiet
(left hand column) and disturbed (right hand column) conditions.

Fig. 10b to f shows the global evolution of TEC after the 4 Conclusions
unusual uplifting in the equatorial region in the American
sector. Figure 10b to d very clearly indicates the intensifica-We have analyzed and presented observations of the iono-
tion and expansion of the EIA to higher latitudes in the Southspheric sounding, all-sky F-region nightglow imaging, and
American sector. Again, Fig. 10g shows the EIA after the un-GPS observations obtained at several stations in the South
ususal pre-reversal enhancement on 30 October. Figure 10fimerican sector during the super geomagnetic storms on 29
shows the daytime TEC variation on 31 October indicating a@nd 30 October 2003. The main results are as follows:
strong negative storm phase in the South American sector as It should be noted that there was uplifting of the F-layer
described earlier. prior to the pre-reversal enhancements. The uplift was en-
Figure 11 shows GPS-TEC maps for the same UT ob-hanced at dusk due to neutral wind effects. The uplift-
served on a geomagnetically quiet day 27 or 29 Octobering of the F-layer in the equatorial region during the pre-
left hand column) and geomagnetically disturbed or recov-reversal enhancement period on 29 and 30 October resulted
ery phase day (29-31 October; right hand column). Ain the generation of strong equatorial ionospheric irregu-
widespread and drastic TEC changes during the differentarities (plasma bubbles) in the Brazilian sector (IMPZ to
phases of the geomagnetic disturbances in the South AmePOAL), seen as phase fluctuations (indicating km scale iono-
jcan sector is evident. Figure 11a refers to the daytimespnenc irregularities). In addition, the Argentinean stations
comparison during the recovery phase and a strong negdUNSA, LPGS, VBCA and RWSN), with geomagnetic field
tive storm phase in the South American sector is observedines west of the Brazilian sector (see Table 1) also show

Again, Fig. 11b and ¢ shows the development and intensifistrong phase fluctuations close to the pre-reversal enhance-
cation of the EIA on 29-30 October (UT). ment period (after local sunset) indicating the presence of

equatorial ionospheric irregularities on the nights of 29-30
and 30-31 October.
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The DMSP satellites plots orbiting at an altitude of about M., Sobral, J. H. A., Kherani, E. A., and de Siqueira, P.
840 km are the passages over the South American sector andM.: Abnormal evening vertical plasma drift and effects on
show large ion density (Ni) fluctuations including unusual ESF and EIA over Brazil-South Atlantic sector during the 30
depletions close to the magnetic equator. All the DMSP plots October 2003 superstorm, J. Geophys. Res., 113, A07313,
show a dip in Ni close to 40 north and 40 south magnetic lat- doi:10.1029/2007JA012844, 2008. ) i
itude during this disturbed period. This possibly indicates 3aSt: S, Basu, Su., Groves, K. M., Mackenzie, E., Keskinen, M. J.

that the plasmapause moved to lower magnetic latitudes dur- and Rich, F. J.: Near-simultaneous plasma structuring in the mid-
. .p P . 9 latitude and equatorial ionosphere during magnetic superstorms,
ing the intense geomagnetic disturbance.

j . . Geophys. Res. Lett., 32, L12S05, doi:10.1029/2004GL021678,
The southernmost Argentinean station Rio Grande shows 5qgs5.

very low VTEC (in general) with very low VTEC fluctua- Basuy, S., Basu, Su., Rich, F. J., Groves, K. M., Mackenzie, E.,
tions close to the sunset time but accompanied with very Coker, C., Sahai, Y., Fagundes, P. R., and Becker-Guedes, F.: Re-
large phase fluctuations. This station could be within the sponse of the equatorial ionosphere at dusk to penetration elec-
SAPS region or even southward of the SAPS region during tric fields during intense magnetic storms, J. Geophys. Res., 112,
this intense magnetic storms. A08308, doi:10.1029/2006JA012192, 2007.
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