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Abstract. For a detailed study of the space weather impactequatorward meridional winds in the thermosphere can also
on the equatorial and low latitude F-region, the ionosphericfurther amplify the F-layer height rise at low latitudes during
response features are analysed during the periods of three rére post-midnight hours, as observed in two of the storm
cent and most severe magnetic storm events of the present speriods.

lar cycle which occurred in October and November 2003, an
November 2004. The F-layer base heidhiE}], peak height
(hmF2) and critical frequencyf@F2) data, from Trivandrum,
an equatorial station and Delhi, a low latitude location, are
examined during the three magnetic storm periods. The re-

sults of the analysis clearly shows that the height of the F-1 Introduction

region (bothh’F andhmF2), at the equator and low latitude,

simultaneously increases by 200 to 300 km, in associatiorThe effect of space weather over the equatorial and low lat-
with maximum negative excursion @, values around the itudinal ionosphere has great importance due to its unique
midnight hours with a large depletion of ionization over the features. A number of studies have been conducted on low
equator, which is followed by an ionization enhancementlatitudinal ionospheic responses during magnetic storm peri-
at low latitude during the recovery phase of the storm. Atods that have significantly advanced our knowledge on this
Delhi, fast variations up to 200 m/s are also observed in thesubject (Kelley et al., 1979; Dabas and Jain, 1985; Abdu
F-layer vertical upward/downward velocity, calculated us- et al., 1990, 1995; Fejer, 1991; Lakshmi el al., 1997; de
ing Doppler shifts, associated with the maximum negativeMedeiros et al., 1997; Sobral et al., 1997; Abdu, 1997; Sas-
excursion ofDy,. This shows that during magnetic distur- tri et al., 2000; Abdu, 2001; Sastri et al., 2002; Pincheira
bances, the equatorial ionization anomaly (EIA) expands tcet al., 2002; Lobzin and Pavlov, 2002a, 2002b; Pavlov et
a much wider latitude than the normal fountain driven by al., 2004; Lynn et al., 2004 and Lima et al., 2004). Evi-
the E/F-layer dynamo electric fields. It is also observed thatdence has been provided by Fesen et al. (1989) for the ef-
during the main phase of the storm, at low latitude there isfect of winds blowing across the magnetic equator trans-
generally an enhancement of F-region ionization with an in-porting plasma along the nearly horizontal field lines. A
crease i F/hmF2 but in the equatorial region, the ionization recent study by Sobral et al. (2001) presented some cases
collapses with a decreaselifF/hnF2, especially after sun- of foF2 increases over low latitudes to be related to an en-
set hours. In addition, at the equator the normal pre-sunsettanced plasma fountain. Burns et al. (1995) reported the
hours’ enhancement iF is considerably suppressed dur- occurrence of adiabatic heating at low latitudes as a re-
ing storm periods. This might be due to changes in mag-sult of downwelling from the storm-time changes in the
nitude and direction of the zonal electric field affecting the global thermospheric circulation. Abdu (1997 and 2001)
upward E x B drift and hence the plasma distribution in the presented comprehensive reviews; one on the major phe-
form of a decrease in electron density in the equatorial renomena of the equatorial ionosphere-thermosphere system
gion and an increase in the low latitude region. In associatiorunder disturbed conditions and the second on outstanding
with disturbance electric fields, the enhanced storm-inducegroblems in the equatorial ionosphere-thermosphere elec-
trodynamics relevant to spread-F. It was reported that
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Table 1. Summary of the magnetic storms.

Starting Date  Type of Start Time (LT) Kp-Index Dy, max. Ending Date  End Time
Mag. storm maximum  negative excursion (-nT) (LT)

29 Oct. 2003 SC 11:43 9 —308 30 Oct. 2003  22:00

30 Oct. 2003 SC 22:00 ® —347 1 Nov. 2003  04:00

20 Nov. 2003 SC 13:33 9- —429 21 Nov. 2003  22:00

7 Nov. 2004  SC 11:00 9- —383 9 Nov. 2004  07:00

9Nov. 2004 SC 07:00 9- —296 14 Nov. 2004 03:00

and Equatorial Electrojet (EEJ) are produced by disturbance&lownward movement of the F-region simultaneously at lo-
electric fields resulting from prompt equatorward penetra-cations throughout the equatorial region, due to a short-lived
tion of magnetospheric/high latitude electric fields, by a dis-westward electric field disturbance.

turbance dynamo which is driven by enhanced global ther- The purpose of this paper is to examine the behaviour of
mospheric circulation resulting from energy input at high the ionosphere over the Indian equatorial and low latitude
latitude, and by disturbance winds (zonal and meridional)regions during the three most severe storms which occurred
modifying the equatorial thermospheric dynamics. Pincheiraon 29 October 2003, 20 November 2003 and 7 November
et al. (2002) studied the ionospheric and thermospheri004. For this purpose ionospheric F2 layer parameters,
responses to magnetic storm disturbances over the SoutfoF2, W'F and hnF2, obtained from two stations, namely
American sector usingoF2, hnF2 and the neutral winds Delhi (28.3N, 77.1 E, dip 42.4N) and Trivandrum (8.2N,
extracted from measurdurF2, using the Interhemispheric 76.9E, dip 0.6 N), are analysed in this paper for the three
Plasma (FLIP) model. It is reported that EIA can undergomagnetic storms of 29 October, 20 November 2003, and the
enhancement due to the magnetospheric disturbance elemost recent one on 7 November 2004. The above storms
tric fields which penetrate to low latitudes during the growth are rated as the most severe storms of the current solar cycle
phase of a storm/sub-storm, whereas EIA inhibition occursnumber 23.

more often under a disturbance dynamo (DD) electric field.

The relative roles of different mechanisms responsible for the

suppression of the equatorial anomaly were studied numer2 Data and analysis

ically by Pavlov et al. (2004). A detailed statistical study

of the negative storm-time disturbances based on ionosonfhe data used for the present study are hourly values of the
des data was carried out by Lobzin and Pavlov (2002ajonospheric parameters obtained from the digital ionosondes
2002b). Also, season-dependent meridional/transequatoriaperateing in New Delhi (a low latitude location north of EIA
winds can significantly alter the EIA response to disturbancecrest) and Trivandrum (an equatorial station), respectively,
electric fields. Lima et al. (2004) studied the response ofduring the specific time period of the three magnetic storms.
the equatorial and low latitude ionosphere during a storm inBoth digital ionosondes are fully computer-controlled sys-
April 2002 and the observed F-region parameters when comtems, and they operate in the vertical incidence mode and
pared with the TIMEGCM model show reasonable agree-provide information on various ionospheric parameters, such
ment during magnetic disturbances. Lynn et al. (2004), us-asfoF2, WF, hmF2, foEs, etc. Although both ionosondes
ing a combination of TOPEX/Poseidon TEC and ionosondehave computerized scaling capability, all data were scaled
observations, studied the cases of storms showing a stronganually. ThennF2 values are obtained using the simplified
depression in daytiméF2 values at low latitudes which formulation given by Dudeney (1983). It is to be pointed
are caused by the suppression in the equatorial ionizatiomut here that the value ¢fmF2 is a function of M(3000)F2
anomaly. Some studies on the ionospheric response to magnd foE. During nighttime, when foE measurements are not
netic storms have been conducted over India using ionosondavailable, the magnitude 6fmF2 so obtained is slightly over-
data. The response of the equatorial and low latitude F-regiorstimated. Therefore, nighttintenF2 values used in the

to the great magnetic storm of 13 March 1989 was studied bypresent study are slightly-overestimated. To study the im-
Lakshmi et. al. (1991), who used ionosonde data availablgpact of the magnetic storm on the equatorial and low lati-
for various equatorial and low latitudinal stations in India. tudinal ionosphere, during the three storms of October and
The studies by Kotadia and Ramanathan (1962) and KotaNovember 2003 and the most recent one in November 2004,
dia (1962) presented cases of negative ionospheric responsdse F-region parameterfyF2, h'F andhmF2, over Trivan-
over the entire latitude range around the geomagnetic equadrum and Delhi, are analysed in relation to quiet-day values
tor. Sastri et al. (2002) studied the response of the equatoriadf these parameters closest to the respective storm times. Ta-
ionosphere in the Indian midnight sector to the severe magble 2 gives the list of study days including a reference quiet
netic storm of 15 July 2000 and reported a remarkably largeday for each of the three storms, along with the daily solar
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Table 2. The list of study days, including reference quiet day, for ; OCT 28 ~HOU-0: 2003
each of the three storms, along with the daily solar activity index,
F10.7, and magnetic activity indeX,K ,, and the range ok, in-
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3 Results

Fig. 1. Shows the deviation ifoF2, WF andhmF2 from the quiet

The general interval of October—-November 2003 and S . . . _
N ber 2004 . for th dv of the i day values at low latitudinal station Delhi in dark line and equatorial
ovember are important for the study of the iono- station Thumba (Trivendrum) in shaded line willy; during the

sphere due to the three most severe magnetic storms (d@gyere magnetic storm of 30 October 2003.
tails of which are given in Table 1) of the current solar cycle
number 23 which occurred during these periods. The storm

intensity in all three events was so high that &g value .

reached 9 to % during these storms. As seen from Table 1 NMF2 by more that 100km and 75km, respectivefgf-2,

all three magnetic storms were reported as the sudden conflTF2 andh’F remain higher than the quiet day values un-
mencement (SC) type and the maximum negative excursiofil midnight but then there is sudden and drastic increases in
of Dy, for the three storms generally varied betweegs nT ~ I'F andhmi2, with a deviation reaching up to a maximum
and—450nT. In this paper we present and discuss the distur®’ 300km and 200km, respectively, above their quiet-day
bance variations of the parameté&2, ' F andhmF2 during values, until about sunrise time (30 October). During this

each magnetic storm. height increase th#oF2 values showed a sudden decrease,
which is contrary to a daytime behaviour whéoE2 is ex-
3.1 Magnetic storm of 29 October 2003 pected to increase with the increasesif andhmF2. On

30 October, for which the recovery phase of the storm was
The storm of 29 October 2003 started with an SC at 06:13 UTin progress, daytiméF2 values show a sinusoidal variation
(12:43 LT) and the maximum negative excursionlig of similar to that of travelling ionospheric disturbances (TIDs)
—308nT was reached in the local early morning hours, atwith a similarh’F variation. On the following night (i.e. on
05:00 LT, on 30 October, which was followed by a recov- the night of 30—31 October) another severe magnetic storm
ery phase that lasted until the late evening of 30 Octobersets in at 22:00 LT when thB;,; value reached-347 nT dur-
Subsequently, a more intense storm set in withithevalue ing the post midnight hours (at 03:00 LT) over the observ-
reaching a maximum excursion ef347 nT at 03:30 LT on ing site. Corresponding to thi8,, variation there is again a
31 October 2003. Th& , value during this period reacheg 9 sudden and dramatic increase in bbth andhmF2, with a
. Figure 1 shows, during the interval October 28 to Novem-deviation reaching more than 300 km and 200 km, respec-
ber 1, thefoF2, h'F andhmF2 deviations from their near- tively, above their quiet-day values, without much change
est quiet-day value for Delhi and Trivandrum. From the in the foF2 values. During the recovery phase of this sec-
figure it is clearly observed that, at Delhi, during the day- ond storm, there was again as increase up to 5MHz in the
time of 29 OctoberfoF2 raises by more than 4 MHz from daytimefoF2 values but without any change in the corre-
its quiet-day values with corresponding increaselshand  spondingh’F values, whereabnF2 values remain higher
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magnetic disturbances (Rishbeth, 1971; Dabas et al., 1989).
During the post-midnight hours, corresponding to thg
maximum negative excursion, there is a sudden increase in
bothhmF2 andh'F values by more than 200 km and 100 km,
respectively, from their nearest quiet day values on the night
of 29-30 October 2003, which is coincident with the sudden
fall in foF2 values by 6 MHz from the quiet-day values. It
may be noted further that the above variations occur prior to
the start of the recovery phase. From the above results of
the foF2, hmF2 andh'F variations at the equatorial station
Trivandrum and low latitude station Delhi, it is noted that
during the daytime, the value 6F2 generally increases at

D faF2 [ kHz )

:g 3 | i | | 1 ] | | I low latitude and decreases at the equatorial location, and the

400 correspondingimF2 andh’F values also show similar varia-

: tions, during magnetic storms. During post-midnight hours,
FIYH under theD,; maximum negative excursion phase, there is

L F‘\J:li I illl‘.L

200 ]
200

180} a sudden increase in bolimF2 andhF values, at both lo-

e cations, but the relative enhancement is more at the low lati-
%yl A N 0 A o tude station as compared to the equatorial station in the storm
300 cases (see Fig. 1), whereas a sudden collapgaFafis ob-
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3.2 SC Magnetic Storm of 20 November 2003
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o0 J7Y !
i A second severe storm occurred at around 08:03 UT
(13:33 LT) on 20 November 2003. The top panel of Fig. 2
shows theDy, variations for this storm and the bottom pan-
els, respectively, give the corresponding deviationfobR,
Fig. 2. Shows the deviation ifoF2, WF and hmF2 from the ~ WF andhmF2 from their reference quiet-day values. As
quiet-day values at the low latitudinal station Delhi in a dark line seen from Fig. 2, the maximum negative excursionDgf
and the equatorial station Thumba (Trivendrum) in a shaded linereached-429 nT around local midnight on the night of 20—
with Dy, during the severe magnetic storm of 20 November 2003. 21 November, followed by the recovery phase. The reported
maximumk , in this case was also 9 As compared to the
two successive storms of October 2003 this one is a clean
than the quiet-day values. On the following day (1 Novem- storm. In this case an enhancemerfoif2 is also observed at
ber 2003)foF2, hmF2 andh'F return to their normal quiet-  Delhi, starting from the afternoon hours until local midnight
day variations. The above results from Delhi give clear evi- hours of 20 November, when the main phase of the storm is
dence of a daytime enhancement and night-time decrease in progress without much change from midnight to around
F-region ionization during the magnetic storm periods, with the sunrise period. But on 21 November 2003, starting from
bothh'F andhnF2 showing sudden increases up to 250 km sunrise until the evening hours, and during the storm recov-
and 350km, respectively, from their quiet day values dur-ery phase, a large enhancement is observéaFia values up
ing post-midnight hours in both storm cases. The sharp riseo 6 MHz over Delhi which returned to normal values after
in the 'F andhmF2 values seems to occur during the main the sunset hours. In contrast to the Ddt#2 variations de-
phase of the storm, marked by a sharp fall inthe values.  scribed above, the TrivandrufoF2 variation shows a totally
Regarding thdoF2, hnF2 andh'F variations at the equa- opposite behaviour, i.e. corresponding decreasts-ival-
torial location it is observed (in Fig. 1) that the F-region ion- ues from its quiet-day values. Regarding tE andhmF2
ization becomes drastically depleted during the period of thevariations over Delhi and Trivandrum we may note in Fig. 2
main phase of the storm, i.e. on the night of 29-30 Octobeir(bottom panels) sharp periodic increases (the positive devi-
2003, as can be noted in the drastic decreafgHR by about  ations ofh’F andhmF2 at both locations reached more than
5 MHz with respect to its quiet-day values. The fall inioniza- 200 km) and decreases in badtfF andhmF2 values from
tion at Trivandrum continued up to the pre-dawn hours andsunset to the morning hours on the night of 20—21 November
rapidly start to recover with the onset of local sunrise. An 2003. For this event the main phase was in progress during
interesting feature noted infF andhmF2 variations during  the evening hours, where the maximum negative excursion in
the storm main phase is the large decrease up to 125 km anby; occurred around midnight, which was promptly followed
230km, respectively, in the’F andhnF2 values from the by a storm recovery phase that lasted until the end of the day
quiet-day values during pre-sunset hours which indicates th¢21 November). In the equatorial region only two peaks (en-
suppression of the usual sunset enhancemehftFrduring hancements) are observedhir andhmF2, just before and
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after midnight. One of them occurred during the main phase HOV. 6-11, 2004
and the second one just after the start of the recovery phase ¢ 1 -
the storm. But at the low latitude region, thé€ value shows & "".-'L
. .y . . . PSR .1, -, MW
three major positive deviations, the first one during the main - N L AT e [
phase, the second one during thg maximum negative ex- -, 1 i i TR
cursion time and the third one during the recovery phase. It = .u: ] 0%
may be noted further that the deviationhfF andhmF2 is R I T e e R TE B

less over the low latitude location Delhi as compared to over
the equatorial station Trivandrum (see Fig. 2).

3.3 Magnetic storm of 7 November 2004

Dewv. foF2 [ MHz )

The month of November 2004 witnessed an unusual solar
activity with the biggest magnetic storm of 2004 and the
fourth biggest of the current solar cycle number 23 (accord- =
ing to the World Data Centre for Geomagnetism at Kyoto =
University), starting at 05:30 UT (11:00 LT) on 7 November 3
2004. Figure 3 shows the plots bf; variations (top panel),
and the deviations ofoF2, WF andhmF2 from the quiet-
day values (lower panels) observed over Delhi and Trivan-
drum during 6-11 November 2004. As seen from Fig. 3,
after the initial phase during the local forenoon hours, a
sharp decrease i, (main phase) sets in with the max- :
imum negative excursion ab,, reaching—383nT around £ o 40 T T T R O A T ol
local midnight on 7 November 2004, in about ten hours. An i gl Ryttt BB, 8T

. =374 a Mow. 10 Mo 11
equally fast recovery phase followed until the afternoon of Hours
8 November when the recovery slowed down. The slow re-
covery phases lasted until 9 November morning hours wherfFig. 3. Shows the deviation ifoF2, W'F andhmF2 from the quiet-
another storm set in. As seen from F|g 3, mg decrease day values at the low latitudinal station Delhi in a dark line and the
is rather slow and periodic in this case, reaching a nega_equ.atorial station Thumba} (Trivendrum) in a shaded line, Bith
tive maximum excursion 0f-300nT in the post-midnight during the severe magnetic storm of 14 November 2004.
periods of 9-10 November. The recovery phase of the sec-
ond storm continued until 14 November or even later. On 7 ) _
November, during the period of the main phase of the firstStorm on the night of 9-10 November, a sharp risefif and
storm, though there was not much change inftf® values ~ NMF2, up to 300 km and 200 km, respectively, from quiet-day
over the equatorial station Trivandrum, a sharp collapse i&/@lues, is observed over Delhi around the period offihe
observed irfoF2 (with a maximum decrease up to 10 MHz) Maximum negative excursion. A similar behaviourhif
at the low latitude station Delhi from about 12:00 LT, last- ahdhnF2 is also observed over the equatorial station Trivan-
ing until midnight, before the recovery phase of the stormdrum but the magnif[ude of deviation was compar_atively less
set in. Subsequently, during the recovery phase of the storrf?an that over Delhi. On the 10-11 November night, when
(i.e. on 8 November), the enhancement followed by a deplefhe recovery phase of the storm is still continuing, a sharp
tion in foF2 values is observed over Delhi with opposite be- fall in WF andhmF2 is observed in the pre-midnight hours
haviour over Trivandrum. Again, throughout the entire day at Poth locations, which was followed by sharp increases in
of 9 November 2004, i.e. during the main phase of the second® Post-midnight hours with a time delay of few hours at
storm, thefoF2 values over Delhi and Trivamdrum remain Delhi. It may be noted from Fig. 3 that when the valué6t
higher than the quiet-day values, with the sharp peak ovefalls after a rise, an increase in thaF2 values is opsgrved
Delhi in the evening hours wheioF2 increases by 10 MHz. and this trend of apparently relatéaF2 andh'F variations
On the following days, i.e. 10 and 11 November, during the Over Delh| is similar to those opserved during the two other
recovery phase of the storm, a good degree of enhancemeftorms discussed above (see Figs. 1 and 2).
in foF2 over Delhi and depletion over Trivandrum is also ob-
served for most of the time. For this storm sequencenthe 3.4 Variations of vertical drift velocity deduced from Delhi
andhmF2 variations can be described as follows: during the Doppler ionograms during the magnetic storms of
main phase of the first storm (see Fig. 3), the fafldR2 val- 29 October 2003 and 20 November 2003
ues over Delhi, on 7 November 2004, is almost coincident
with the rapid enhancement up to 200 kmhiir and a small  The Delhi IPS-71 Kel-Aerospace modern digital ionosonde
enhancement in themF2 values, with opposite behaviour at has additional facilities, such as the Phase and Doppler lono-
Trivandrum from 14:00 to 00:00 h. Again, during the second gram, HF Spectrum, oblique Sounding, etc., in addition to

Dewv. brnF2 [ KM
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Fig. 4. (a) Shows the variations df F and the vertical upward and downward drift velocity deduced by Doppler ionograms (taken every
7.5 min after the normal amplitude sounding), using a 2 and 4 MHz trace during the nighttime and a 6 and 10 MHz trace during the daytime,
with Dy, during the severe magnetic storm of 30 October 2@bBShows the variations df F and the vertical upward and downward drift
velocity deduced by Doppler ionograms (taken every 7.5 min after the normal amplitude sounding), using a 2 and 4 MHz trace during the
nighttime and a 6 and 10 MHz trace during the daytime viiith during the severe magnetic storm of 20 November 2003.

the usual Amplitude ionogram. The lonosonde is being runmain point here is to show that there was a sharp upward and
in three modes, i.e. Amplitude, Doppler and HF Spectrum,downward movement of the F-layer over Delhi due to distur-
every 15min, around the clock. Doppler sounding is donebance electric fields during the severe magnetic disturbances.
after every 7.5min of amplitude sounding. In the presentThe above results further confirm the influence of fast chang-
study, the observed red/blue shifts from Doppler lonogramsing disturbance electric fields on the F-layer height variations
are used to calculate roughly the vertical upward/downwardat a station, which is well beyond the daytime EIA crest.
F-layer drift velocities. For that purpose, the doppler shift of

a 2 or 4 MHz trace during the night and 6 or 10 MHz traces . )

during the daytime are used. Figures 4a and 4b, respect Discussions

tively, show the variations df F and the vertical upward and L ) .
downward drift velocity calculated using the Doppler shift /A Very wide impact of magnetic storm on F-région iono-
with Dy, during the magnetic storms of 30 October and 19 sphere is (_)bserved in the f_;lbove r_esult_s. It is also noted f[hat
November 2003. As noted from these figures, corresponding'€ Storm impact on F-region varies with latitude. A rapid
to the sharp rise (from about 250 km to 600 km) and fall of 2hd Simultaneous increase in the F layer heidt# @nd

h'F, associated with the maximum negative excursioof hmF2), both at equatorial and low latitudes, causes a dra-

vertical upward/downward velocity calculated using Doppler matic ionization'coll'apse/depletion in the equatorial F-region
shifts also shows similar fast variations showing values ad®"oSPhere, which is followed by an enhancement over the

high as 200 m/s. Here the upward/downward velocity is notlOW latitude region during local post-midnight hours of the
in phase with then'F variations because of a 7.5-min de- storm period. An enhancement of F-region ionization at low

lay in Doppler sounding with respect tF values, but the latitudes is normally observed during the recovery phase of
the storm after the sudden risehtF andhmF2. During the
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growth phase of a storm, an enhancement in foff2 and  case of a night-time reversal of the electric field to the east-
height @' F andhmF2) over low latitudes and the opposite ward direction, reported by various researchers (Dabas et al.,
behaviour over the equatorial region is observed. The abovd989; Aarons, 1991; Abdu, 2001 and references therein).
observed enhancement/collapse in F-region ionization and its The results from the studies of storms 1 and 3 (see Figs. 1
height can be caused by several factors. During magnetiand 3) show that, in the midnight to morning sector, e
disturbances, the changes in ionospheric heights with respeeind hnF2 rise over low latitude is slightly higher than that
to their quiet-time patterns at low latitudes, are produced byover the equatorial location, whereas in the case of storm 2
vertical plasma drifts driven by a) magnetospheric electric(see Fig 2) it was the opposite. This might be due to the fact
fields penetrating to equatorial latitudes, b) disturbance dy+that storm 2 (see Fig. 2) was a clean one, whereas the other
namo electric fields, c) disturbance meridional winds, or d)two storms (Figs. 1 and 3) were each followed by another
disturbance zonal winds whose influence is important neastorm during their recovery phases. But still the observed
sunset. Right over the magnetic equator, only the first twochange in heightsh(F andhmF2) over equatorial and low
items are responsible for modifications in the vertical plasmalatitudes is produced mainly by thEx B drift though the
drifts while item d) plays a role near sunset (Abdu, 1997). disturbance meridional winds, for a given amplitude of the
The simultaneoul’F andhnF2 rise during the midnight and  disturbance electric field, which can further amplify the ver-
post-midnight hours at equatorial and low latitudinal regionstical drift/F-layer height at low latitude if the direction of the
can be produced mainly by a large disturbance eastward elewinds is equatorward (Abdu, 1997). In the case of the severe
tric field while the effect of disturbance equatorward merid- storm of 15 July 2000, Sastri et al. (2002) reported a large
ional winds also contribute to changes at low latitude loca-downward movement of the F-region which occurred simul-
tions. In addition (see Figs. 4a and 4b), corresponding to theaneously at locations throughout the equatorial region (dip
sharp rise and fall offF andhnF2 over Delhi, associated 0.3—-20N) in the Indian midnight sector, with maximum am-
with the maximum negative excursion &f;, F-layer ver-  plitude close to the magnetic equator, which is indicative of
tical upward/downward velocity, calculated using Doppler a short-lived westward electric field disturbance. Also in the
shifts, also shows similar fast variations, with velocity val- present study, after a initial sudden rise, a similar short-lived,
ues as high as 200 m/s. This further confirms the influence ofarge, downward movement of the F-layer heights (HoEh

fast changing disturbance electric fields on the F-layer heightaindhmF2) is observed (see Fig. 2 for the 20 November 2003
variations at a station which is well beyond the daytime EIA storm), with a maximum amplitude over the magnetic equa-
crest. Also, it is well known that the plasma distribution in tor, which was again followed by a sharp rise in heights.
equatorial and low latitudes is mainly controlled &y« B The simultaneous presence of a strong eastward electric
drift through a plasma fountain, which is responsible for field, as indicated by the increaseshiF andhmF2 at the

the equatorial ionization anomaly. During magnetic distur- equator, as well as over low latitudes, and the effect of the
bances, the disturbance electric fields could enhance the deesulting fountain effects, is responsible for the observed col-
velopment or inhibition of the equatorial ionization anomaly, lapse offoF2 at the equatorial location and the enhancement
whereas the disturbance winds seem to always inhibit ElAafter a time lag over low latitudes, especially in the midnight-
(Abdu, 1997). For a better understanding, the effects ob-morning sector. The present results (see Figs. 1-3), showing
served in the present study can be divided into two partssimultaneous large enhancementhdf andhnF2, both at
first, the variation offoF2 andh’F during the pre-midnight equatorial and low latitudes, with a depletion of ionization
storm period and second, the variations in these parametexsver the magnetic equator and the enhancement over low lat-
during the post-midnight period. During the noontime to jtudes, is due to the upwatx B drift over the geomagnetic
pre-midnight period, it is found that the value @F2 in-  equator, induced by a strong disturbance eastward electric
creases with increases lirF andhmF2, as compared to the field in the post-midnight period. The above results, about
quiet-day value at the low latitude region, while at the equa-the response of EIA to transient electric fields, shows that
torial region it is found that the deviation foF2 is just the  the “disturbance fountain” expands EIA to a much wider lat-
opposite to the deviation noted in th&= andhmF2 values.  itudinal belt than the normal fountain driven by the E/F-layer
This behaviour of the ionosphere might be due to the well-dynamo electric fields and reconfirms the earlier finding by
known phenomenon of x B drift over the equatorial re-  Abdu et al. (1991) from the Brazilian sector.

gion. The effect of an enhanced fountain seems to be clearly

present during the pre-midnight hours of the second storm

(Fig. 2), when thd"F andhnmF2 values at both the equatorial 5 Conclusions

and low latitudinal regions were higher than the quiet-day

values. In this case the larghiF andhmF2 enhancement The space weather effect in the equatorial and the low latitu-
in the equatorial region than at low latitudes would suggestdinal F-region ionospheric parameters are studied in some
the dominant role of th& x B effect over the geomagnetic detail during three most severe magnetic storms of recent
equator. While théoF2 decreases over the equatorial regiontimes, by using digital ionosonde data from two locations,
itincreases over the low latitude region, indicating that equa-namely Trivandrum, at the magnetic equator, and the Delhi
torial plasma transport by the fountain effect did reach up tolow latitude station, situated north of the daytime equatorial
Delhi latitudes. This result is similar to that observed in the ionization anomaly belt width. During this study several
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striking features are observed. The most important is theBurns, A. G., Killeen, T. L., Deng, W. and Carignan, G. R.: Geo-
simultaneous large enhancementhd® andhnF2, both at magnetic storm effects in the low to middle-latitude upper ther-
equatorial and low latitude locations, associated with the dis- mosphere, J. Geophys. Res., 100, 14673-14691, 1995.
turbance eastward electric field during the severe magneti®aoas, R. S. and Jain, A. R.: Geomagnetic storm effects in iono-
disturbances. At Delhi, fast variations, up to 200 m/s in the spheric TEC at an equatorial station: contribution of E X B drifts
F-layer vertical upward/downward velocity, calculated us- and meridonal neutral winds, Indian J. Radio Space Phys., 14,
. . . . . . 100-106, 1985.

ing Doppler shifts, associated with the maximum negative

h f furth f he infl f dl Dabas, R. S., Lakshmi, D. R. and Reddy, B. M.: Effect of geomag-
excursion ofDs, further confirm the influence of rapidly netic disturbances on the VHF nighttime scintillation activity at

changing disturbance electric fields on the F-layer height eqyatorial and low latitudes, Radio Science, 24, 563-573, 1989.
variations at a station which is well beyond the daytime EIA panilov, A. D.: F2-region response to geomagnetic disturbances, J.
crest. Atmos. Terr. Phys., 63, 441-449, 2001.

The second most important is the depletion of ionizationde Medeiros, R. T., Abdu, M. A. , Batista, I. S.: Thermospheric
itude, due to the upward x B drift at the magnetic equa- %eak height, J- Gheophys. Res'flo_z ’ |14 531;13 5?0’;997' N
tor, induced by strong disturbance eastward electric fields ifP!9eneY: J. R-: The accuracy of simple methods for determining

L . . . the height of the maximum electron concentration of the F2-layer
the post-midnight period. Also, during two storm periods . . e
. . . . from scaled ionospheric characteristics, J. Atmosph. Terr. Phys.,
(see Figs. 1 and 3), in the midnight to morning sector, the 45 659 640 1983
'F andhnF2 increases over low latitude are slightly higher : : ' -
WF an _ . ghtly NIgNer pesen, C. G., Crowley, G., and Roble R. G.: lonospheric effects
than those over the equatorial location, whereas in one case at |ow latitudes during March 22, 1979, Geomagnetic storm, J.
(see Fig. 2) it was the opposite. This seems to be caused Geophys. Res., 94, 54055418, 1989.
by the influence of disturbance meridional winds in associa-+Fejer, B. G.: Low latitude electrodynamic plasma drifts, J. Atmos.
tion with the disturbance eastward electric field, as suggested Terr. Phys., 58, 677-693, 1991.
by Abdu (1991). The presented observation from the IndianKelley, M. C., Fejer, B. G., Gonzales, C. A.: An explanation for
zone, about the response of EIA to transient electric fields, anomalous equatorial ionospheric electric fields associated with
shows that the “disturbance fountain” expands EIA to a much a northward turning of the interplanetary magnetic field, Geo-
wider latitudinal belt than the normal fountain driven by the  Pys- Res. Lett., 6, 301-304, 1979. o
g . . Kotadia, K. M. and Ramanathan, K. R.: Effect of geomagnetic dis-
E/F-layer dynamo electric fields and reconfirms the earlier

L - turbances of F2 layer of the ionospheres in low and middle lati-
finding by Abdu et al. (1991) from the Brazilian sector. tudes, Proc. IGY Symp. Held at New Delhi, published by Coun-
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