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[11 The response of the equatorial and low-latitude ionosphere plasmasphere system to
the moderate geomagnetic disturbance of March 2008 is the subject of this paper. This
study for the first time reports large plasmaspheric electron content modulation at
equatorial and low-latitude regions over India during a moderate geomagnetic
disturbance. This paper also presents, for the first time, five station tomograms
encompassing the entire EIA region and unequivocally demonstrates the effectiveness of
tomographic technique in investigating storm-induced modulations of the equatorial
ionization anomaly. The present study has been carried out using the total electron content
values derived from GPS and Coherent Radio Beacon Experiment (CRABEX) data over
Indian longitudes, ionosonde data at Trivandrum (8.5°N, 77°E) and Delhi (28°N, 78°E),

and the geomagnetic field data from Trivandrum and Alibag.
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1. Introduction

[2] Quiet time equatorial ionosphere is controlled mainly
by electrodynamical forcing which causes the generation of
a large number of processes like the equatorial electrojet
(EEJ), the counter electrojet (CEJ), the equatorial ionization
anomaly (EIA), and the nighttime phenomenon of equatorial
spread F (ESF). EEJ is an intense band of eastward current
system that flows, during daytime, along the dip equator at
an altitude centered at around 105 km. EIA is characterized
by a double humped latitudinal distribution of electron
density, with a trough at the magnetic equator and a crest at
+15° to 20° dip latitude on either side of the magnetic equator
[Appleton, 1946]. The EIA starts to form at around 09:00 LT
(Indian Standard Time) with the crests close to the dip equator
and gains in strength and moves poleward in the afternoon
period. During evening hours, close to sunset, the EIA begins
to recede. Significant storm-induced changes in the quiet
time patterns of EIA have been reported earlier by many
researchers [Sreeja et al., 2009, and references therein].

[3] Response of the polar thermosphere-ionosphere sys-
tem to the geomagnetic disturbances is direct [Lu et al.,
1998]. But the equatorial and low-latitude ionosphere ther-
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mosphere system response to the storm is mainly due to
the indirect effects caused by the electrodynamical and neu-
tral dynamical coupling of low latitude and high latitude
[Burrage et al., 1992; Fuller-Rowell et al., 1997; Sastri et al.,
2003, and references therein].

[4] The storm time response of the equatorial ionosphere
is mainly controlled by the electric field disturbances of
magnetospheric origin [Fejer and Emmert, 2003]. The
equatorial zonal electric field gets modified during geo-
magnetic disturbances mainly by the prompt penetration
electric field and the disturbance dynamo electric field
[Blanc and Richmond, 1980; Fejer and Scherliess, 1997].
These fields are caused by magnetosphere-ionosphere
interaction, leading to a redistribution of the ionospheric
plasma, and hence cause tremendous changes in total elec-
tron content (TEC-integrated free-electron density along the
signal path [Tsurutani et al., 2004, and references therein]).
In addition to the large modulations in the TEC distribution
over the EIA region, significant changes occurring in the
plasmaspheric electron content (PEC) during intense storms
have also been reported [Manju et al., 2008].

[5s] Although studies related to PEC modulations during
intense geomagnetic storms have been carried out earlier, no
studies have been done to study the PEC response during
moderate geomagnetic disturbances. In the present paper,
the impact of a moderate geomagnetic disturbance on the
ionosphere of EIA region and also the plasmaspheric elec-
tron content is discussed for the first time. The response of
the equatorial and low-latitude ionosphere plasmasphere
system to the moderate geomagnetic disturbance of March
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Table 1. Geographic and Geomagnetic Latitude Coordinates and
Corresponding Longitudes for All the Stations for Which Iono-
spheric Data Have Been Used in This Study

Latitude Latitude Longitude
Station Geographic (°N)  Geomagnetic (°N)  Geographic (°E)
Trivandrum 8.5 0.5 77.0
Bangalore 12.98 4.98 77.6
Hyderabad 17.8 9.8 78.0
Bhopal 232 15.2 77.2
Delhi 28.67 20.67 77.2
Alibagh 18.6 10.6 72.9

2008 is the subject of this paper. This study for the first time
reports large PEC modulation at equatorial and low-latitude
regions over India during a moderate geomagnetic distur-
bance. This paper also presents, for the first time, five sta-
tion tomograms encompassing the entire northern EIA region
andunequivocally demonstrates the effectiveness of tomo-
graphic technique in investigating storm-induced modula-
tions of the EIA. The study of the response of ionosphere
plasmasphere system during a moderate disturbance is all
the more important in the wake of increased satellite and
GPS systems for positioning and navigation purposes.

2. Data and Method of Analysis

[6] The present study has been carried out using the TEC
values derived from GPS and Coherent Radio Beacon
Experiment (CRABEX) data over Indian longitudes, iono-
sonde data at Trivandrum (8.5°N, 77°E) and Delhi (28°N,
78°E), and the geomagnetic field data from Trivandrum and
Alibag. The absolute slant GPS-TEC values are derived
from the carrier phase delays and pseudoranges of the GPS
signals at L1 and L2 frequencies. The slant total electron
content (STEC) is then converted to absolute vertical TEC
(VTEC) following the standard procedure using the map-
ping function:

VTEC = STEC cos(x) (1)

where Y is the zenith angle at ionospheric pierce point (IPP)
which is estimated from the satellite elevation angle. Here,
only those raypaths with elevation angles greater than 50°
are used. Rama Rao et al. [2006] showed that an elevation
angle cutoff of >50° is ideally suited to represent the TEC
over the Indian sector. IPP is the point where the line joining
the satellite and the receiver cuts the ionosphere at an alti-
tude where the entire ionization is assumed to be concen-
trated (single shell model). The TEC values obtained using
the GPS system represent the electron content along the line
of sight up to the satellite altitude (~20,000 km), while those
obtained from low Earth orbiting satellites segment of
CRABEX system (using beacon transmissions at 150 and
400 MHz from low Earth orbiting satellites) represent the
electron content up to ~1000 km.

[7] The CRABEX Network (CRABNET) consists of a
chain of receivers located in the 77°E—78°E meridian. The
stations are located at Trivandrum (8.5°N geographic, 0.5°N
geomagnetic), Bangalore (12.98°N geographic, 4.98°N
geomagnetic), Hyderabad (17.8°N geographic, 9.8°N geo-
magnetic), Bhopal (23°N geographic, 15°N geomagnetic),
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and Delhi (28.67°N geographic, 20.67°N geomagnetic).
Table 1 shows the locations of all these receivers. In the
present study, the data from the five stations, namely, Tri-
vandrum, Bangalore, Hyderabad, Bhopal, and Delhi, are
used. Figure 1 depicts the satellite raypaths simulated for the
pass of 27 March 2008 at 11:15 LT. Only few raypaths are
shown for clarity. Figure 1 shows the tomographic recon-
struction plane which evidently encompasses the entire
Indian northern EIA region from the trough to the crest. For
all the passes this plane remains more or less same.

[8] At each station, phase coherent signals of 150 and
400 MHz transmissions from the Navy lonospheric Moni-
toring System (NIMS) satellites are received, and the dif-
ferential Doppler between them is estimated. This differential
Doppler is proportional to the line of sight total electron
content (TEC). The measured data, which are the relative
phase between 150 and 400 MHz, in the present case, are
proportional to the relative slant TEC (STEC) along the
propagation path of the signal as

¢ = Cp x STEC ()

where ¢ is measured in radians, STEC is in m 2, and Cp =
1.6132 x 107"° for NIMS satellites [Leitinger, 1994]. As
mentioned earlier, the TEC measurements at each station are
only the relative TEC estimates, which have an inherent 2n7
ambiguity. The conversion of the relative TEC to absolute
TEC needs the estimation of the unknown phase offset.
Several approaches are generally used for the estimation of
this TEC offset. The simplest among them is the use of the
model-generated TEC values. However, this method is
highly inaccurate because of the limitations of the models to
represent the day-to-day variability of the electron content in
any region especially in the equatorial region.

[9] In this context, a method to estimate the unknown
phase offset, using the TEC data, is developed by Leitinger
et al. [1975]. This method requires the relative TEC data
from two near-by stations. For two stations, aligned in a
fixed longitude monitoring the same satellite pass, it is
assumed that the vertical TEC from each receiver is same at
specific ionospheric latitude. This RVTEC is observed
simultaneously by both the receiving stations. Then chi
square fits are applied to get the constants which are added
to RSTEC to get absolute STEC. The absolute STEC values
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Figure 1. The raypaths of the satellite in the entire region
covering the northern EIA from the trough to the crest for
pass on 27 March 2008 at 11:15 LT.
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are used for tomographic imaging. Nevertheless, the basic
requirement for ionospheric tomography is that there must
be a chain of receivers aligned along the same longitude
(since the satellites are polar orbiting), which gives time-
synchronized TEC data with maximum overlapping.

[10] In tomography, these TECs measured simultaneously
over a latitudinal chain of receivers are inverted to obtain the
latitude-altitude distribution of electron density of the ion-
osphere. Mathematically, the tomography problem can be
stated as

Y= ZAtjx_p 3)

where Y; corresponds to the ith measurement (TEC), x; is the
unknown electron density in the jth pixel, and 4; is the
length of the ray element in the pixel defined by i and j. To
compute the elements of the matrix 4, the geocentric cir-
cular grids are constructed in the region. This is more
realistic, especially when the region to be imaged covers a
large latitude region.

[11] In this case, the ionospheric region is divided into
grids in the 6 (latitude) and » (altitude) directions. To
compute the ray elements 4;;, we need to find out the in-
tersections between the ray (straight line) and the concentric
circles (» grids). This means that basically we need to cal-
culate the intersections with the straight line and the circle
defined as x> + y* = (Rg + h)*, where Ry is the radius of the
Earth and / is the altitude. Similarly, we need to calculate
the intersections between the ray (straight line) and the 6
lines. After these intersections are computed, it is straight-
forward to estimate the ray lengths in each grid and to
arrange them as the geometry matrix. The position of the
satellite at each second is determined by running the track
star program. The resolution is 1° (horizontal) x 50 km
(vertical) for all the images, and the altitude extent for
tomographic reconstruction is from 100 to 1000 km. Once
the TEC values and the geometry matrix are computed, we
can reconstruct the tomographic image using the algebraic
reconstruction technique (ART) algorithm to solve equation
(3). This inversion procedure, which was first introduced by
Austen et al. [1988] for ionospheric tomography, is being
widely used. The iteration starts from an initial guess x°. The
solution is obtained using the typical step

(@) |

R W T (4)
al

where xk is the solution after k iterations, y; are the TEC
data, o' are the elements of the matrix 4, and )\, is the
relaxation parameter. It was seen that after 510 iterations the
solution usually converged. An initial guess given was that
the International Reference Ionosphere (IRT) model generated
electron densities. Further details of tomographic technique
are given by Thampi et al. [2004, 2007] and Sreelatha et al.
[2005].

[12] The PEC estimates have been made by taking the
differences between the GPS (<20,000 km) TEC and the
CRABEX (<1000 km) derived ionospheric TEC (IEC) va-
lues estimated nearly simultaneously. PEC percentage is
given by the relation

PEC percentage = (PEC/GPS TEC) x 100. (5)
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AH values (the deviation of the horizontal component of the
Earth’s magnetic field H from its mean nighttime level)
were obtained using a ground-based proton precession
magnetometer.

3. Results and Discussion

3.1. Interplanetary Conditions During the March 2008
Geomagnetic Disturbance

[13] Figure 2a depicts the temporal variation of Ds¢ for the
period of 24-31 March 2008. From 25 March 2008 onward
a series of minor disturbances are evident. The moderate
storm sudden commencement occurs close to noon on 26
March 2008. The main phase maximum is attained by
around midnight of the same day. This is followed by the
recovery phase and a series of recurrent disturbances which
persist till 31 March 2008. From the temporal evolution of
IMF B, (Figure 2b), it is seen that close to noon time on 26
March 2008, there is evidence of southward turning of IMF
Bz, with the largest magnitude of southward turning being
—10 nT. Figure 2b shows the solar wind speed for the period
of 24 March 2008 to 31 March 2008. Solar wind shows
an increase in the morning sector of 26 March 2008 and
remains high (almost 700 km/s) up to 28 March 2008 and
then begins to decrease. Figure 2b also shows solar wind
dynamic pressure which also shows a sudden increase on
26 March 2008. The AF index (Figure 2b) also shows an
increase on 26 March 2008 and remains high up to 28 March
and then begins decreasing. All these parameters indicate the
triggering of a geomagnetic disturbance during this period.

[14] The electrojet strength for this period has been
examined to identify possible prompt penetration effects.
The temporal variation of electrojet strength for the period
of 24-27 March 2008 is illustrated in Figure 3. The inhi-
bition of electrojet strength on the morning of 25 March
2008 seems to be coincident with the recovery phase of the
minor disturbance and probably indicates the disturbance
dynamo related westward electric field modulating the EEJ.
A similar effect is also seen on the morning of 26 March. A
dramatic increase in the electrojet strength is revealed on
26 March around noon close to the time of sudden com-
mencement of the moderate disturbance. The electrojet
strength reaches very high values of around 100 nT (for
this low solar activity period). This is probably the signa-
ture of a prompt penetration electric field at the magnetic
equator. Up until 31 March 2008, we can see evidence of
the effects of disturbance dynamo and prompt penetration
electric fields alternately in the morning and noon sectors,
respectively.

3.2. Response of EIA Region to the Disturbances
on 26 March 2008 Based on Tomographic Images,
Magnetic Field Data, and Ionograms

[15] The time variations of electrojet strength for 24 and
26 March 2008 are shown in Figure 4. It is clearly seen that
the EEJ on 26 March was comparable to that on 24 March in
the period prior to 10:00 LT, while it is significantly
enhanced thereafter. Close to noon on 26 March, there is a
strong IMF B, southward turning which results in very
strong eastward electric field penetration. This is manifested
as the intensification in the electrojet strength, postnoon on
26 March. The times for which tomograms are available are
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Figure 2. (a) Temporal variation of Dst for the period of 24-27 March 2008. (b) Temporal variation of
IMF B.,, solar wind speed, solar wind dynamic pressure, and AE index the period of 24-31 March 2008.

marked in the Figure 3 (black curve for control day satellite
pass (14:00 LT) and red lines for 26 March (11:45 and
14:40 LT) and 27 March (11:15 and 13:50 LT) satellite
passes). As is evident from Figure 4 for 26 March, both the
passes are for times when the electrojet strength is much
intensified indicating the enhancement of the zonal electric
field, whereas for 24 March the passes are for much lower
electrojet strength and hence lower zonal electric field.

EEJ strength(nT)

4042432008 = 25-3-2008 26-3-2008 | 27-3.3008
0 24 48 72 96
Time(IST)

Figure 3. Temporal variation of electrojet strength for the
period of 24-27 March 2008.

Therefore, an intense development of the anomaly is ex-
pected on 26 March for both the passes while for 24 March
the EIA is expected to be much weaker. This inference is
corroborated by the tomograms shown in Figures 5 (middle)
and 5 (bottom) for 26 March and Figure 5 (top) for 24
March. On 26 March the tomogram at 11:45 LT shows the
anomaly development with the crest at ~15° geomagnetic
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Figure 4. Temporal variation of electrojet strength for 24
and 26 March 2008.
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Figure 5. Tomograms showing the development of the
EIA on 24 and 26 March 2008.

latitude. The next tomogram at 14:40 LT shows the crest at
~20° geomagnetic latitude, indicating an enhanced anom-
aly. In comparison to these tomograms, on 24 March at
14:00 LT (when the magnetic field was weaker), the inten-
sity of the crest is also found to be much weaker and the
location of the crest is ~10° geomagnetic latitude. Thus, on
26 March the two tomograms clearly bring out the spatio-
temporal evolution of the EIA during this disturbed day. Fur-
ther, Delhi (geomagnetic 20.67°N, 78°E) f,F, values have
also been examined (Figure 6) to confirm the enhancement
of the EIA on 26 March in relation to 24 March. Data
availability is limited during this period, and the available
data points have been used for Figure 6. The f,F, values
at Delhi are significantly higher on 26 March compared to
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Figure 6. Time variation of f,F, at Delhi on 24 and 26
March 2008.
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Figure 7. Temporal variation of electrojet strength for 24
and 27 March 2008.

24 March in the postnoon period indicating the latitudinal
expansion of the EIA. The f,F, values are not available at
magnetic equatorial location of Trivandrum for 26 March.

3.3. Response of EIA Region to the Disturbances
on 27 March 2008 Based on Tomographic Images,
Magnetic Field Data, and Ionograms

[16] Time wvariation of electrojet strength on 24 and
27 March 2008 are depicted in Figure 7. The main phase
of the disturbance which commenced close to 12:00 LT on
26 March occurred during the postnoon—midnight period
of the same day. Correspondingly large enhancement is
observed in the AE indices also (see Figure 2b). The
consequent Joule heating effect in the polar region sets up
a disturbance circulation which in turn results in distur-
bance dynamo induced westward electric fields manifesting
at the magnetic equatorial location of Trivandrum and thus
modulating the equatorial electrojet electric field. It is this
effect that is responsible for the reduced EEJ strength on
27 March in comparison to that on 24 March. The dis-
turbance induced modulation of 4,,F, and f,F, at Trivan-
drum on 27 March in comparison to that on the control
day of 24 March are manifested in Figures 9 (for #%,,F>)
and 10 (for f,F>). It is evident from Figure 9 that there is a
significant inhibition in the vertical drift of the F layer in
the prenoon phase of 27 March in comparison to the much
larger vertical excursion of the layer on 24 March. The
disturbance dynamo electric field on 27 March reduces the
ionospheric zonal electric field and thereby the vertical
drift of the F layer. As a consequence of this reduced
vertical drift, there is a weakening of the fountain effect,
which in turn results in higher f,F, values (Figure 10) and
reduced noon time bite out effect at Trivandrum on 27
March. The tomogram at 11:15 LT shows the presence of
northern crest ~9° geomagnetic which is much less intense
than on the control day (Figure 8, middle). The tomogram
at 13:50 LT (Figure 8, bottom) on 27 March corresponds
to a time when the electrojet strength is still weaker than at
11:15 LT. The intensity of the northern crest weakens in

50f9



MRIDULA ET AL.:

24/03/200814 00 hr

[

3 3

Altitude (km)

X 10" electrons/m

o o 10 20 30
Geomagnetic Latitude (deg.)

Figure 8. Tomograms showing the development of the
EIA on 24 and 27 March 2008.

response to this reduced electrojet strength and the equa-
torward shift of the southern crest is visible.

3.4. First Time Observations of Large Enhancements
in PEC in the EIA Region Over India During
a Moderate Disturbance

[17] The latitudinal variation of PEC in the Indian EIA
region has been examined for 24, 26, and 27 March using
GPS and CRABEX TEC when simultaneous data are avail-
able from both the systems. Figures 11a, 11b, and 11c show
the GPS, CRABEX and PEC variations on at 14:00 LT on
24 March, 11:45 LT on 26 March and 14:40 LT on 26 March,
respectively. Similarly, Figures 11d, 11e, and 11f show the
corresponding percentage PEC variations. On 24 March both
GPS and CRABEX systems show the presence of a crest at
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Figure 10. Time variation of f,F at Trivandrum on 24 and
27 March 2008.

15° geomagnetic latitude. The PEC on 24 March shows an
increasing trend up to 20° geomagnetic latitude. The per-
centage PEC varies from ~30% at Bangalore to 60% at Delhi
on this day. The increase in PEC during magnetically quiet
period with latitude in the EIA region over India has been
shown previously by Manju et al. [2008]. They presented the
PEC variations from Trivandrum up to the latitude of Ban-
galore (8° geomagnetic latitude). Their percentage PEC
variations of ~25% compare well with the present values
obtained at Bangalore on 24 March. At 11:45 LT on 26
March, CRABEX data were unavailable at Delhi. The pres-
ence of the TEC crest is indicated at 15° geomagnetic latitude
from GPS and CRABEX systems. But there seems to be
significant depletion of PEC at the crest region and an
increase at Bangalore in comparison to 24 March. This is
in contrast to the increase in PEC with latitude observed
during quiet times. The percentage contribution varies from
40% at Bangalore to 25% at Bhopal. At 14:40 LT, GPS and
CRABEX TECs show the presence of a crest at the location
of Bhopal (15° geomagnetic).

[18] Figures 12a, 12b, and 12¢ show the GPS, CRABEX,
and PEC variations at 14:00 LT on 24 March, 11:15 LT on
27 March, and 13:50 LT on 27 March, respectively. Simi-
larly, Figures 12d, 12e, and 12f show the corresponding
percentage PEC variations. The PEC wvariations on the
control day of 24 March are discussed above. At 11:15 LT
on 27 March, CRABEX data show a crest at almost 10°
geomagnetic latitude, while GPS data show an inhibited
anomaly pattern. There seems to be a significant depletion
of PEC at the crest region of Bhopal and an increase at
Bangalore in comparison to 24 March. This is in contrast to
the increase in PEC with latitude observed during quiet
times. The percentage contribution varies from 30% at
Bangalore to 45% at Delhi with minimum at Bhopal (20%).
At 13:50 LT, CRABEX TEC shows the presence of crest at
10° (geomagnetic) while GPS still shows an inhibited
anomaly. Correspondingly, the PEC shows spatial fluctua-
tions with values of 32% at Bangalore, 20% at Bhopal, and
28% at Delhi. The PEC content itself shows a sharp

Figure 9. Time variation of #,,F, at Trivandrum on 24 and  decrease compared to 26 March 2008.

27 March 2008.
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Figure 11. Percentage variation of PEC on 24 and 26 March 2008.

[19] The PEC variations observed on 26 and 27 March for
the first time depict large spatial fluctuations in PEC in the
EIA region over India for this moderate geomagnetic dis-
turbance. Previously, such disturbance time spatial fluctua-
tions have been reported only for very intense geomagnetic
storms as reported by Manju et al. [2008].

4. Discussion

[20] Tt has been found that during geomagnetic dis-
turbances, the equatorial ionospheric electric field gets
enhanced due to penetration of another field of magneto-
spheric origin thereby resulting in latitudinal expansion as
well as intensification of EIA [Abdu et al., 1995; Sastri et al.,
2003; Tsurutani et al., 2004; Sobral et al., 1997]. In addition
to this, the EIA is also modulated soon after event onset by
intense disturbance-related electric fields originating from
the magnetosphere-ionosphere interaction [Blanc and
Richmond, 1980; Fejer and Scherliess, 1997]. Similarly,
the large modulations of PEC during intense geomagnetic
disturbances have also been reported [Manju et al., 2008].
These studies underline the importance of ionospheric and

plasmaspheric variabilities during major geomagnetic storm
events in view of the hazardous implications for GPS-based
systems. The uniqueness of the present work is that sub-
stantial modulation of the equatorial and low-latitude iono-
sphere-plasmasphere system is observed for the first time
even for a moderate geomagnetic disturbance. This distur-
bance had a sudden commencement around noon on 26
March 2008. The main phase ended around midnight of the
same day. This was followed by a highly oscillatory recovery
phase. The analysis reveals an enhanced EIA on 26 March
after sudden storm commencement due to prompt penetration
electric fields. On 27 March, during the recovery phase a
disturbance dynamo-induced weakening of the EIA is clearly
brought out by all the available data. On 27 March one
interesting observation is the disturbance-induced spatial
fluctuations in TEC brought out by the tomograms. One
major highlight of the present result is that whenever
simultaneous data sets are available, five station tomograms
have been generated using absolute TEC data obtained from
the Indian CRABEX network. These are the first five station
tomograms in the world, encompassing the entire northern
EIA region from the crest to the trough, and therefore it is a
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Figure 12. Percentage variation of PEC on 24 and 27 March 2008.

very momentous achievement for the Indian CRABEX pro-
gram. The results obtained from the tomograms corroborate
well with the concurrent observations made using other
techniques as has been shown in section 3. Therefore, this
study unambigously demonstrates the efficacy of the tomo-
graphic technique in investigating storm-induced modula-
tions of the EIA.

[21] Another important aspect that is brought out by this
study is the significant spatial modulations of PEC in the
EIA region during this moderate storm. The PEC values
vary from 7 to 15 TECU during the storm period at different
latitudes. Previously, such spatial fluctuations in PEC have
been reported during intense storms, but it now seems that
even moderate storms are susceptible to such PEC fluc-
tuations. In the context of the increased use of GPS system
for positioning and navigation purposes, measurement
accuracies of better than 3 TECU are required. With single-
frequency GPS users resorting to ionospheric models

without including PEC variations for removing ionospheric
error, the derived position information will be highly erro-
neous at equatorial and low-latitude regions especially
during magnetically disturbed periods. A complete under-
standing of the behavior of the upper atmosphere demands
more investigations on the plasmasphere and factors that
modulate the plasmaspheric electron content. Future mod-
eling and experimental studies on the PEC variations need
to be carried out to bring out the physics behind the spatial
and temporal modulations of PEC.

5. Conclusions

[22] This paper for the first time reports large PEC con-
tribution at equatorial and low-latitude regions over India
during a moderate geomagnetic disturbance. It reiterates the
need for more investigations into the plasmaspheric
dynamics in view of the substantial modulations of PEC
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occurring even during such moderate disturbances. This
paper also presents, for the first time, five station tomograms
encompassing the entire northern EIA region and unequiv-
ocally demonstrates the effectiveness of tomographic tech-
nique in investigating storm induced modulations of the
EIA.
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