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Ionospheric response to a geomagnetic storm during November 8-10, 2004
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This paper investigates the response of the equatorial, and near equatorial, ionosphere to geomagnetic distur-
bances during the period November 8—10, 2004. Ionosonde data from Trivandrum (8.5°N 77°E and dip 0.5°N)
and SHAR (13.5°N, 80.2°E, dip ~5.5°N), magnetic field data from Tirunelveli (8.7°N, 76.9°E, dip latitude 0.5°S)
and Alibag (18.64°N, 72.87°E), and GUVI O/N, data in the Indian longitude sector, are used for the study. The
behavior of interplanetary parameters is also examined in conjunction with the ionospheric data. On 8 November,
the EIA around noontime is not fully inhibited even though the electrojet strength an indicates inhibition of EIA
due to a disturbance dynamo electric field effect. It is the enhanced O/N, over TRV and SHAR, with a larger
increase over SHAR, which results in a larger (than expected) value of the EIA proxy parameter. On 9 November,
the comparable values of f,F, at TRV and SHAR around noon time is due to the combined effect of a weakened
anomaly in the presence disturbance dynamo electric field effects leading to the EIA crest being near SHAR,
and increased O/N; values at TRV and SHAR with a larger increase at TRV. On 10 November, the very strong
values of the EIA proxy-SHAR parameter is attributed to the combined effects of prompt penetration electric
field related modulations of EIA, and significant O/N, changes at the equatorial, and near equatorial, latitude.
Thus, the study reveals the important role of storm-induced O/N, changes, along with prompt penetration electric
fields and disturbance dynamo electric fields in modulating the ionization distribution in the equatorial ionization
anomaly (EIA) region during this period.

Key words: Geomagnetic storm, Equatorial Ionization Anomaly (EIA), O/N; ratio, Equatorial Electrojet (EEJ).

Introduction

terplanetary magnetic field (IMF) is southward at the mag-

The ionospheric response to changes in solar wind con-
ditions has been the subject of intense study for many years
(Blanc and Richmond, 1980; Fuller-Rowell et al., 1997,
Prolss, 1997; Buonsanto, 1999; Richmond and Lu, 2000).
The interactions of the solar wind, magnetosphere, ther-
mosphere, and ionosphere, cause dynamical changes over
different spatial and temporal scales. According to Gon-
zalez et al. (1994), a magnetic storm occurs when a long-
lasting interplanetary convection electric field leads to an
intensified ring current sufficiently strong enough to ex-
ceed some key threshold of the quantifying storm time Dst
index. The disturbed thermospheric circulation changes,
and the thermospheric meridional wind moves the plasma
along magnetic field lines, changing the neutral composi-
tion and, consequently, the recombination rates of ionized
species (Fuller-Rowell ef al., 2002; Fedrizzi, 2003). The
penetration of the interplanetary electric field (IEF) to the
equatorial ionosphere results from the interactions of the
solar wind, magnetosphere, and ionosphere (Maruyama et
al., 2005). During magnetically-disturbed conditions, the
low-latitude electric fields and currents change substantially
from their quiet time pattern (Fejer, 2002). When the in-
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netopause, the connection of flux lines occurs and the geo-
magnetic field lines become open, enabling the IEF to pene-
trate to the polar ionosphere. For an intense southward IMF,
the inward plasma sheet convection occurs resulting in an
enhancement of magnetospheric ring current and formation
of a magnetic storm. The electron density of the F,-region
of the ionosphere is reflected in the values of the critical
frequency f,F>. During magnetic storms, the diurnal pat-
tern of f,F> is totally a quiet day pattern, depending on the
nature of the interplanetary plasma conditions. The dawn-
dusk IEF is found to influence the ionosphere electron den-
sity distribution and the dynamics of the ionosphere, caus-
ing drifts and changes in ionospheric parameters, such as
the ionospheric drift velocity, foF> and i’'F (Davis et al.,
1997; Fejer, 2002; Biktash et al., 2005).

The disturbance dynamo fields are associated with an
increased energy deposition into the high-latitude iono-
sphere during geomagnetically active periods (Blanc and
Richmond, 1980). Their effect on the ionosphere may be
felt over time periods of several hours to days after geo-
magnetic storms. Storm-time equatorward winds result in
a buildup of storm-time westward winds which, in turn, re-
sults in the reversal of the zonal electric field, if only a zon-
ally symmetric situation is concerned. This is not a realistic
situation as ionospheric conductivity variations do prevail,
especially in the latitude regions below 300. Hence, the
dayside eastward current is interrupted at the terminator re-
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sulting in charge accumulation and a dawn-dusk potential
difference. This, in turn, manifests as a westward electric
field on the dayside, and an eastward electric field on the
nightside (Blanc and Richmond, 1980; Zhao et al., 2005).

There are interesting cases of initial westward PPEF and
the ionospheric responses to them. Batista er al. (2006)
discussed such a case with an unusual early morning de-
velopment of the equatorial anomaly in the Brazilian sec-
tor during the Halloween magnetic storm of October 2003.
They also discussed the characteristic changes in the F layer
peak height over the equator during this storm event and
discussed that the F layer peak height over the equator first
decreased under a strong prompt penetration westward elec-
tric field, which was followed by a significant height in-
crease under an eastward electric field. Based on simu-
lation results, they showed that the prompt penetration of
magnetospheric electric fields of a westward polarity to the
nightside equatorial region seems to be the most probable
cause of the initial F layer height decreases. There are some
cases where undershielding and overshielding PPEF suc-
cessively affect the daytime equatorial ionosphere during
geomagnetic storm events. Recently, Simi et al. (2012) de-
scribed a case study of such event. They studied the iono-
spheric response of a geomagnetic storm (November 24,
2001) over the equatorial latitude of Trivandrum and dis-
cussed the highest EEJ strength during that time, which was
extreme for the entire solar cycle for the month of Novem-
ber. This unusually large EEJ showed an equally strong
polarity reversal along with a weakening of the sporadic E-
layer over the equator due to an overshielding condition.
The uniqueness of the event studied by them is that the
main phase continued, even after the overshielding event,
and it triggered the recovery of a substorm. They also stud-
ied the latitudinal variation of the F-region electron density,
and Sporadic E.

The chemical effects of neutral winds also play a very
important role in producing stormtime changes in the iono-
sphere. During a geomagnetic storm, intense Joule and par-
ticle heating causes a strong upwelling of the atmosphere
around the auroral oval. The strong upwelling of the at-
mosphere transports oxygen-depleted, or nitrogen-rich, air
up from much lower in the thermosphere into the F re-
gion (Mayr and Volland, 1972; Mayr et al., 1978; Pro-
Iss, 1980). Neutral winds then redistribute this nitrogen-
rich/oxygen-depleted air over much of the high-latitude re-
gion and part of the mid-latitude region. The nitrogen-
rich/oxygen-depleted air causes a reduction in the iono-
spheric electron density, and oxygen-rich/nitrogen-depleted
air causes an increase in the ionospheric electron density.
The transport is strongest during post-midnight hours ow-
ing to wind surges arising from ion convection and the as-
sociated momentum transfer to neutrals. It is known that,
during daytime, the bottom side of the ionosphere (130-200
km) is “photochemically” governed, where photodissocia-
tion of molecular oxygen in the Schumann-Runge contin-
uum (135-175 nm) leads to the generation of atomic oxy-
gen, which, in turn, leads to the formation of ionization.
At the same time, the ionization loss processes are mainly
controlled by molecular nitrogen through chemistry. As a
result, the ratio (O/N;) at any time is taken as a measure of
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the net ionization in the lower F region (Forbes, 2007).

The mechanical effects of neutral winds during geomag-
netic disturbances form another important aspect which has
a significant impact on the ionosphere. Balan et al. (2010,
2012) have discussed this aspect in detail. The equatorward
winds associated with geomagnetic disturbances have me-
chanical effects which are proportional to U cos I and U
cos I sin I, where I is the dip angle. Both these effects
result in electron density enhancements at all heights at the
equator, and the effect varies at other latitudes proportion-
ately with the dip angle.

The storm of November 2004, which is the subject mat-
ter of the present study, has been discussed by several
workers in the past. Balan er al. (2008a) investigated the
magnetosphere-ionosphere coupling through a prompt pen-
etration electric field (PPEF) in response to a CME during
7—12 November, 2004. They analyzed this event using clus-
ter and ground-based (ESR, EISCAT and Jicamarca radars
and magnetometer) observations and found that this event
is characterized by the strongest PPEF ever recorded. This
was observed on November 9, 2004. This PPEF was gener-
ated in the magnetosphere by the v x B effect, which was
mapped to the high-latitude ionosphere along the geomag-
netic field lines and promptly penetrated to low latitudes.
Dabas et al. (2006) also reexamined the response of the
ionosphere to this particular storm. They looked into the
foF, and h'F variations observed at a low-latitude station
at Delhi. They observed a sharp enhancement in f,F, val-
ues during the forenoon hours on November 8, 2004, and a
sharp rise in 4'F around the period of Dst maximum neg-
ative excursion during nighttime on November 9-10, 2004.
Fejer et al. (2007) studied the electric fields over equatorial
ionosphere during the November 7-9, 2004, geomagnetic
storm, using radar measurements from the Jicamarca Ra-
dio Observatory, magnetometer observations from the Pa-
cific sector and ionosonde data from Brazil. They showed
very large eastward and westward daytime electrojet current
perturbations with lifetimes of about an hour (indicative of
undershielding and overshielding prompt penetration elec-
tric fields) in the Pacific equatorial region during Novem-
ber 7, which was the main phase of the storm. Their results
highlight that the relationships between prompt penetration,
solar wind electric fields, and polar cap potentials, are far
more complex than implied by simple proportionality fac-
tors.

The dayside ionospheric response to geomagnetic storms
including the storm of November 2004 has been ana-
lyzed by Astafyeva (2009) using simultaneous Total Elec-
tron Content (TEC) measurements by the CHAMP, SAC-
C, TOPEX/Jason-1 satellites. Since the satellites passed
over different longitudinal sectors, and measured TEC in
a different range of altitudes, they could obtain informa-
tion about the altitudinal, and longitudinal, ionosphere re-
distribution during these storms. In their analysis they
observed severe enhancements of the equatorial and mid-
latitude TEC above ~430 km, with a concurrent move-
ment of the equatorial anomaly crests over a distance of
10-15° on November 08, 2004. As is known, during the
main phase of geomagnetic storms, when the interplanetary
magnetic field (IMF) turns southward and intensifies, the
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Fig. 1. Variations in (a) IMF B., (b) the AE index, and (c) SYM (H) during November 6-10, 2004.

interplanetary electric field can penetrate to the low-latitude
ionosphere for many hours. The reconnection between the
southward IMF and the Earth’s magnetic field leads to a
strong dawn-to-dusk electric field and enhances the equa-
torial fountain effect. Solar photoionization replaces the
uplifted plasma at lower altitudes. An overall increase in
the ionosphere total electron content (TEC) in response to
this has been analyzed by several workers (e.g., Vlasov et
al., 2003; Tsurutani et al., 2004; Mannucci et al., 2005;
Astafyeva et al., 2007; Basu et al., 2007). In the present pa-
per, we discuss the storm-induced modulations of EIA over
Indian longitudes during the period 8—10 November 2004.

2. Data and Method of Analysis

For a detailed study of interplanetary magnetospheric ac-
tivity impact on the equatorial F region, the ionospheric fea-
tures are analyzed by using the data obtained from ionoson-
des at Trivandrum (8.5°N 77°E and dip 0.5°N) and SHAR
(13.5°N, 80.2°E). The incident solar wind and associ-
ated magnetic field information was derived from the five-
minute resolution data of the Advanced Composition Ex-
plorer (ACE) satellite which was at a distance of 240 Rg
from the Earth in the sunward direction. The data from
the satellite was taken from the Coordinated Data Analy-
sis (CDA) web.

The one-minute resolution magnetometer (PPM) data at
Tirunelveli (8.7°N, 76.9°E, dip latitude 0.5°S) and Alibag
(18.64°N, 72.87°E), operated by the Indian Institute of Ge-
omagnetism (IIG), is used to study the electrojet strength on
the days of observation.

The neutral composition change can also affect the elec-
tron density distribution. Therefore, the contribution of the
neutral composition changes to the columnar content is ex-
amined in terms of the changes produced in the daytime
O/N; column density obtained from the GUVI instrument
onboard the TIMED satellite. The TIMED satellite is in
a 630 km, 97.8-minutes-period circular orbit with an incli-
nation of 74°. The satellite covers the same longitude at

nearly the same local time on consecutive days, thus mak-
ing day-to-day comparisons in the variations of the O/N;
ratio feasible.

The GUVI column O/N, ratio is estimated from the O
(135.6 nm) and N, (LBHS) airglow emissions, between
about 140 and 250 km (Christensen et al., 2003; Paxton
et al., 2004; Strickland et al., 2004), and is estimated with
~1.75° x 1.75° spatial resolution. With a lookup table
generated by the model runs, Strickland et al. (2004) de-
rived the O/N; ratio from the GUVI dayglow measure-
ments. They showed that the estimated error in O/N; is
~5% for low O/N, values and at lower latitudes (Strickland
et al., 2004).

In our study, we have taken the averaged O/N; in the re-
gion from 6.5°N-10.5°N and 72°E-82°E as the representa-
tive value for the equatorial station, TRV. For SHAR, the
O/N; value is obtained by averaging the values over the re-
gion 11.5°N-15.5°N and 75°E-85°E.

3. Results
3.1 Interplanetary measurements

From solar wind data available from the ACE satellite,
coronal mass ejection effects were evident during 7-10
November as the solar wind velocity increased from 420
to 660 km/s, particle densities increased to 27 cm™3, and B,
became strongly southward. As a result, during November
7-10, two geomagnetic storms occurred. Figure 1 shows
the time variations in IST (Indian standard time = UT+5.5
hours) of the geomagnetic activity indices during 06—10
November, 2004: (a) IMF B., (b) the AE index (a mea-
sure of the auroral electrojet), and (c) the SYM-H index (a
measure of the ring current (c) respectively.

As can be seen from Fig. 1(a), on November 8§, IMF B,
turned southward around 0215 IST and showed a strong
negative component of —48 nT at 0542 IST. This B, south-
ward turning (Skoug et al., 2004), combined with solar
wind velocities in the range 420-600 km/s, caused a strong
geomagnetic storm as the SYM-H index (Fig. 1(c)) reached



346 K. G. SIMI et al.: IONOSPHERIC RESPONSE TO A GEOMAGNETIC STORM DURING NOVEMBER 8-10, 2004
Y B 6novo4
I 8nov04
I 9nov04
0.75 - I 10nov04
I
<
O 0.50+
c
@©
)
=
0.25
0.00 -
TRV SHAR
Location
Fig. 2. GUVI O/N; values for the control day and 8-10 November, 2004.
100 : " - 13 : , 2 :
(a) ] =t m——re G (©) Nor8
: 12 : 18 = Nov 08 ||
1 % y : :
<10 % ’
T !
Z 9t z
& e
o o
- 8 £
i
7 .
s
H i H L 5 H i : H H D'B-Ir i ; H ; L
7 9 " 13 15 17 19 7 9 1 13 15 17 19 7 9 1" 13 15 171 19
Time (IST) Time (IST) Time (IST)

Fig. 3. Temporal variations of (a) EEJ, (b) f,F>, and (c) EIA proxy-SHAR on 8 November 2004 and the control day.

a minimum value of —363 nT at around 1000 IST. This
period is marked as the main phase of the storm. This is
followed by a recovery phase, as is evident from the SYM
(H) index and IMF B, .The AE index (Fig. 1(b)) also ex-
hibits a peak of 2189 nT around this time.
3.2 Response of O/N, at TRV and SHAR for the storm
period viz-a-viz the control day pattern

Figure 2 depicts the O/N; values for 8, 9 and 10 Novem-
ber, 2004, along with the control day pattern for 6 Novem-
ber, 2004. For the control day, O/N, values of 0.62 and
0.66, respectively, are observed at TRV and SHAR. On 8
November, the values are 0.8 and 0.87, respectively, at TRV
and SHAR. Thus, there is an increase of ~1.29 times and
1.32 times, respectively, at TRV and SHAR in comparison
with the control day. Similarly on 9 November, the O/N,
values are 0.83 (TRV) and 0.834 (SHAR), respectively, giv-
ing rise to an increase of ~1.34 times (TRV) and 1.26 times
(SHAR). For 10 November, the O/N, values are 0.58 and
0.73, respectively, at TRV and SHAR. Thus, there is a de-
crease of ~0.94 times at TRV and an increase of 1.11 times
at SHAR. The above discussion clearly reveals that signifi-
cant changes in O/N; are taking place during the disturbed
days of 8, 9 and 10 November, 2004, in relation to the con-

trol day. The implications of these changes on the electron
densities at the two stations are discussed in the following
sections.
3.3 Mechanical effect of neutral winds

The mechanical effects of neutral winds, as mentioned
earlier, are proportional to U cos [ and U cos [ sin I, re-
spectively. The term U cos [ results in a reduced diffusion
of plasma along the field lines leading to plasma accumula-
tion and convergence over the equator when winds from the
two hemispheres reach the equator (Balan et al., 2010). The
other term results in the rise of the F region peak leading to
an increase in electron density. In the present case, the ef-
fects of both the above terms at TRV and SHAR would be
nearly the same (as the cosine and sine of the dip angle vary
only in the third decimal) and there would consequently be
a nearly identical increase in ionization at both the stations.
3.4 Response of Equatorial Ionization Anomaly (EIA)

during November 8, 2004

Examination of the IMF variation of November 8
(Fig. 1(a)) shows that IMF has a prolonged and strong
southward trend. In response to this, the equatorial electro-
jet (EEJ) (Fig. 3(a)) also shows a large enhancement (due to
prompt penetration electric field modulation) which is the
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largest of all the days considered, indicating the presence of
a strong eastward electric field between 0800 hr and 0900
hr. During post-midnight of November 7 (during the main
phase of the storm) a large enhancement in the AE index
occurs. This indicates a large energy and momentum depo-
sition in the magnetosphere, which produces changes in the
global circulation and consequent disturbance dynamo ef-
fects. As a result of the combined action of the disturbance
dynamo and prompt penetration electric fields, a negative,
or weak, EEJ is observed during the rest of the day after
0900 hr (Fig. 3(a)).

During the morning of November 8, EEJ shows a pos-
itive excursion and, naturally, we expect development of
EIA, but from the f,F, variation (Fig. 3(b)) at Trivandrum
(the magnetic equatorial location), we can see that it is
much higher compared to the control day of November 6.
foF> (SHAR)/foF, (TRV) is taken as a proxy parameter
for the strength of the EIA. If the proxy parameter f,F,
(SHAR)/ foF> (TRV) (hereafter referred to as EIA Proxy-
SHAR) is greater than 1, it indicates the presence of an
anomaly, and if it is less than 1 it indicates the inhibition
of an anomaly. The examination of the EIA proxy-SHAR
on November 8 (Fig. 3(c)) reveals that the ratio is very high
compared to the control day in the morning. This means
that an EIA development is present in the morning on 8
November in response to prompt penetration electric field
effects, as indicated by the electrojet strength (~0900 hr)
also. In the post-noon phase, we can see a significant weak-
ening of the EIA with the EIA proxy-SHAR being close to
1. This is the time when the disturbance dynamo electric
fields are more dominant over the magnetic equatorial re-
gions. The electrojet strength (Fig. 3(a)) in the noon phase
of November 8 is either reversed, or very low compared to
the control day. Under such conditions, we expect the EIA
proxy-SHAR to be mostly less than 1, representing an in-
hibited EIA, but the observed values (EIA proxy-SHAR)
are either 1, or slightly greater than 1. This indicates that
there is some other factor modulating the ionization distri-
bution during the post-noon phase of November 8 in the
equatorial and near equatorial regions. The O/N, values
over the Indian longitudes are available around 13:30 IST
and, hence, it is possible to verify the possible role of O/N;
in modulating the ionization distribution in this region. The
enhanced O/N, at TRV and SHAR on 8 November is al-
ready depicted in Fig. 2. Further, the O/N, enhancement
is relatively larger at SHAR than at TRV in relation to the
control day pattern. This increase in O/Nj; is probably the
reason for the EIA proxy-SHAR remaining around 1, even
when an anomaly is expected to be fully inhibited with the
electrojet strength being reversed. Another factor that has
contributed equally to the overall increase in ionization, at
both TRV and SHAR, is the mechanical effect of winds
which has been discussed in Subsection 3.2. Burns et al.
(1995) have examined the changes in the O/N; ratio dur-
ing geomagnetic storms using DE2 satellite data, as well as
theoretical simulations. According to them, a generally ver-
tical wind blows upward in the afternoon and evening in the
thermosphere, and these winds, blowing through a constant
pressure surface, became less upward (and more down-
ward) at low- to middle-latitudes in the winter hemisphere
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during a geomagnetic storm and change greatly. During
disturbed conditions, the decrease in the upward wind re-
sults in a decrease in the rate of thermal expansion and,
hence, a decrease in the cooling rate. Less nitrogen-rich
air is now transported upward (or more nitrogen-poor air
is transported downward), and N densities decrease, but O
densities do not decrease because the vertical gradient of
O is relatively small and the effects of a decreased expan-
sion (or an increased compression) counter the effects of the
changed vertical transport. So the net effect is an increase
in the O/N; ratio in the low-middle latitude in the winter
hemisphere during geomagnetically active conditions in the
day time. A similar mechanism seems to be in operation
during the present storm also.

Dashora and Pandey (2007) have studied this storm event
and have reported disturbance dynamo related modulations
of the total electron content (TEC) on November 8 using
GPS. They showed higher values of f,F> on November
8 at TRV, in agreement with our results, wherein they are
attributing the increase to a disturbance dynamo related
inhibition of EIA. Our result indicates that increased f,F>
at TRV is manifested not only because of an inhibition
of EIA, but it also has a significant contribution from an
increased O/N, ratio and mechanical wind effects at TRV
in relation to the control day.

3.5 Response of Equatorial Ionization Anomaly dur-
ing November 9, 2004

Figure 4(a) shows the EEJ variation for November 9 and
the control day of November 6. In this figure, a clear
EEJ development is seen between 0800 and 1100 IST on
November 9. In the time after 1100 IST, we find that there
is a decrease in EEJ up to 1200 IST, followed by a very
weak, or inhibited, EEJ up to nearly 1500 IST. The f,F>
at TRV (Fig. 4(b)) shows higher values throughout the day.
But the EIA proxy-SHAR (Fig. 4(c)), with greater values
than for the control day, indicates the presence of a strong
EIA in the time period between 0800 IST and 1000 IST. Af-
terwards, EIA proxy-SHAR starts decreasing and reaches a
value close to 1 by ~1500 IST. Although the EEJ is very
weak in the post-1300 IST period, the EIA proxy-SHAR
does not go much below 1, as expected for this time when
EEJ is mostly reversed.

In this context, f,F, at TRV and SHAR are examined.
Figure 4(d) shows the f,F, at TRV and SHAR on 9 and 6
November in the post-noon sector around 1330 IST, corre-
sponding to the O/N, data availability. From the figure, it
is seen that f,F> is higher on 9 November compared with
the control day, at both TRV and SHAR. This observation
indicates that the EIA proxy-SHAR is greater than 1 as ex-
pected on the 6, while, on the 9, when the EIA is relatively
weak, the EIA proxy-SHAR is only 1, or slightly above 1. It
seems that the EIA crest is present between TRV and SHAR
due to a weakening of EIA around this time, while, on the
control day, with a stronger EIA development, the crest is
expected to manifest at still higher latitudes beyond SHAR.
It is evident that the crest has not reached TRV because, in
that case, the f,F, would have been a maximum there, and
the proxy parameter would fall below 1. Thus, the EIA ef-
fect, and the mechanical and chemical effect of winds, act
in such a way that the ionization distribution is identical at
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TRV and SHAR.

It has been reported by Manju et al. (2008) that large spa-
tial fluctuations exist in the plasmaspheric electron content
(PEC) on November 9 at TRV, and near the equatorial sta-
tion Bangalore, which is near SHAR. The present study
reveals a significant ionospheric electron content variability
also on this day.

3.6 Response of Equatorial Ionization Anomaly dur-
ing November 10, 2004

An examination of the IMF variation for 10 Novem-

ber, 2004 (Fig. 1(a)) shows that between 0700 IST and

0900 IST there is a sequence of oscillations towards the
southward and northward directions. The southward tun-
ing of B, at ~0900 IST is a prolonged one, persisting up
to evening. This indicates that probably prompt penetra-
tion electric fields are modulating the EEJ throughout the
day. The EEJ strength was not available due to a problem
with the data on this day. The f,F, values (Fig. 5(a)), are
higher on November 10 than on November 6 between 0800
and 0900 IST. After that, f,F, shows a decrease compared
with the control day up to around 1800 IST. The tempo-
ral variation of EIA proxy-SHAR has also been examined,
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which shows a strong development of EIA up to the period
around 1500 IST (Fig. 5(b)) after which a reduction in ETA
strength occurs. Again O/N, data is available for around
1330 IST, so that we are able to examine its possible role in
the increased strength of the EIA during the time period up
to 1500 IST.

As discussed previously, O/N, values show changes on
November 10 (Fig. 2) as compared with the control day
with higher values at SHAR and lower values at TRV. This
also contributes significantly to the EIA strength. The ob-
servation of F3 layers are a feature during the day on 10
November. Balan et al. (2008b) have examined the occur-
rence of the F3 layer at equatorial stations in American, In-
dian and Australian longitudes during the super double ge-
omagnetic storm of 7-11 November, 2004, using observa-
tions and modeling. From their studies, they have inferred
that the sudden appearance of an unusually strong F3 layer,
with large reductions in Nmax and TEC, can indicate a
strong eastward electric field (PPEF). Our result is in agree-
ment with their results as we also observe the signatures
of enhanced vertical drift and fountain as a consequence of
prompt penetration effects and disturbance-induced effects
on O/N,.

4. Discussion

Storm-time alterations to the equatorial zonal electric
field, as already mentioned, fall into two broad groups,
namely those due to a prompt penetration electric field and
those due to a disturbance dynamo electric field (Blanc and
Richmond, 1980) both of which are manifested at equatorial
latitudes and are the result of a magnetosphere-ionosphere
interaction (Basu et al., 2001; Sobral et al., 2001). The
dawn-dusk Interplanetary Electric Field (IEF) is found to
influence the ionosphere electron density distribution and
the dynamics of the ionosphere, causing drifts and changes
in ionospheric parameters such as the ionospheric drift ve-
locity, foF, and h'F (Davis et al., 1997; Fejer, 2002;
Biktash et al., 2005). The strong upwelling of the atmo-
sphere transports oxygen-depleted, or nitrogen-rich, air up
from much lower in the thermosphere into the F region
(Mayr and Volland, 1972; Mayr et al., 1978; Prolss, 1980).
The nitrogen-rich/oxygen-depleted air causes a reduction in
the ionospheric electron density and oxygen rich/nitrogen-
depleted air causes an increase in the ionospheric electron
density (Zhang et al., 2004).

Several workers have investigated the storm event of
November 8-10, 2004, which is discussed in this paper
(Balan et al., 2008a; Dabas et al., 2006; Fejer et al., 2007,
Dashora and Pandey, 2007; Astafyeva, 2009). In these pa-
pers, the effects of storm-time electric fields in modulating
ionization distribution is stressed. In the present paper, we
are showing that storm-induced changes in O/N; also play a
significant role, in conjunction with the storm-time electric
fields, in modulating the spatial distribution of ionization
in the EIA at a given time. In fact, the time instances for
which O/N, data are available over Indian longitudes amply
demonstrate that the storm-time changes in O/N; are very
significant and contribute substantially to the electron den-
sity at TRV and SHAR. It is therefore clear that one needs
to incorporate the possible effects of O/N, changes, in ad-
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dition to those due to disturbance-related electric fields and
the mechanical effect of neutral winds, to be able to explain
accurately the ionization distribution.

5. Conclusion

In this paper, we have described the unusual equatorial,
and near equatorial, ionospheric response to the geomag-
netic disturbances of November 8—10, 2004. The interest-
ing aspect is that the modulation of the electron density
distribution in the EIA region is brought about by storm-
induced changes in O/Nj;, and the mechanical effect of neu-
tral winds, rather than purely by the expected disturbance-
induced changes in the fountain effect.
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