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Abstract. Total electron content and electron density are the fundamental parameters that determine the main properties of the
ionosphere. We have observed variation of Global Positioning System (GPS) derived Vertical Total Electron Content (VTEC) on
three different geomagnetic events. The observed VTEC data is recorded from four GPS stations at different locations (87.26◦E,
26.48◦N); (85.79◦E, 27.87◦N); (84.57◦E, 28.17◦N), and (86.70◦E, 27.81◦N). To determine the severity of storms, We analysed the
north-south component of interplanetary magnetic field (IMF-Bz), solar wind parameters- solar wind speed (Vsw) and solar wind
dynamic pressure (Psw) ,and geomagnetic indices- Dst index, Kp index and Auroral Electrojet (AE). For all the studied event days,
we observed intensified VTEC on geomagnetically disturbed days over quiet days. The VTEC enhancement was significantly high
on the severely disturbed day, followed by the moderate storm and the minor storm.The study made to observe association of VTEC
with different interplanetary and geomagnetic indices shows that during all studied event days VTEC enhancement is positively
correlated with Vsw, Psw, AE and Kp with cross-correlation coefficient above 0.8 at zero time lag and strong negative correlation
with Dst index. In contrast, the correlation of IMF-Bz vary with the intensity of storm. Our finding show a significant variation in
VTEC during the geomagnetic disturbances, supporting previous studies on ionospheric responses to geomagnetic storms as well
as theoretical assumptions.

Received:3 March,2022; Revised:2 April 2022; Accepted: 28 April 2022

Keywords: Vertical Total Electron Content, Geomagnetic Storm , Solar Wind parameters, Cross-Correlation.

INTRODUCTION

The ionosphere is the ionized upper atmosphere of the
Earth (located 75 - 1000 km above the Earth). Ion-
ized electrons behave like free particles, delaying signal
strength variations, radio propagation, and electromag-
netic satellite communications, among other factors [1].
Research on ionospheric behaviour is useful for studying
temporal and spatial fluctuations in the ionosphere, as
well as forecasting space weather [2]. Space weather is
important because of the ionization effect of high-energy
solar radiation in the extreme ultraviolet (EUV) and X-ray
regions [3, 4]. Satellite systems, energy, transportation,
air travel, and hence the economy are all affected by space
weather [5].

The corona, the Sun’s upper atmosphere, is extremely hot
and produces a steady stream of plasma, UV, and X-rays
that influence or ionize the ionosphere on Earth. The
atoms in this region have been stripped of one or more
electrons or ionized as a result of the Sun’s tremendous
energy and cosmic rays, and are thus positively charged
[6]. The nature of the plasma has an impact on electro-
magnetic signals that interact with it, both natural and
man-made. Refraction, absorption, dispersion, and scin-
tillation are all examples of this interaction. Understand-
ing associated communication implications requires the
capacity to nowcast and forecast the ionospheric condi-
tion and fluctuations on a global scale [7]. Solar forcing,
solar EUV flux (photoionization), solar flares, geomag-
netic storms [8], and lower atmosphere forcing gravity
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waves, thunderstorms, earthquakes, and explosions are
all external causes that cause ionosphere variability [9].
The solar wind velocity, temperature, and density change
dramatically during a geomagnetic disturbance, along
with large variations in the north-south component of
the interplanetary magnetic fields (IMF-Bz). However,
during quiet periods, measurements on the ground show
no significant disturbances [10, 11]. In addition, the
geomagnetic storm caused significant ionospheric irregu-
larities in the auroral region [12]. As a result, significant
changes in ionospheric parameters such as composition,
temperature, and circulation can be observed. Significant
disruptions in technical systems, such as static and dy-
namic location with GNSS satellites, and others, are pro-
duced by geomagnetic storms in the Earth’s ionosphere
[13]. Due to the significant energy introduced by the solar
wind into the polar ionosphere (over a period of several
hours to a day), there can be an increase or decrease in
electron density during geomagnetic storms compared to
quiet conditions, which is known as the positive storm
effect and negative storm effect, respectively [14]. The
storm also had an impact on GPS receiver positioning ac-
curacy: during the storm’s main phase, the precise point
positioning error exceeded 0.5 m, which is more than five
times greater than on quiet day [12].
The vertical total electron content (VTEC) is one of the
key quantities used to describe ionosphere variations and
can be used by users to correct ionospheric disturbances
for GNSS (Global Navigation Satellite System) position-
ing [15]. Total electron content (TEC) is one of the most
significant parameter for investigating the ionosphere,
which is linked to many of our planet’s unresolved mys-
teries. The Global Positioning System (GPS) has been
an invaluable tool in the research of ionosphere features
in recent years [16]. The GPS-TEC is the total number
of electrons in a vertical column with a cross section of
1m2 from the GPS satellite’s height (20, 000 km) to the
ground receiver. It’s measured in TEC units (TECU),
with one TECU equaling 1016 electrons m−2 [17]. The
most significant contributor to GPS position errors is the
ionospheric delay, which is proportional to TEC. Thus,
TEC is an useful technique for detecting ionospheric
changes. Many studies have been conducted on both
quiet and disturbed days, and many research have been
performed on both [18, 19]. The TEC is affected by the
path taken. It can be estimated by integrating the site-
dependent electron density ne along the path ds via the
ionosphere. Integration along any straight line yields the
total slant electron content (STEC).
Using dual frequency GPS data and cases of distinct
geomagnetic storms, we investigated the fluctuation of
TEC in the ionosphere before and after the geomagnetic
storm for four different geographical areas. We selected
three solar and geomagnetic storms from 2016, 2017, and
2020. The Kp index and the south-north component of

TABLE I. Stations information.
station Code Latitude Longitude

Biratnagar BIRT 26.48◦N 87.26◦E
Sindhuli SIND 27.87◦N 85.79◦E
Lamjung LAMG 28.17◦N 84.57◦E

Symboche SYMB 27.81◦N 86.70◦E

the interplanetary magnetic field, Bz, are used to deter-
mine planetary-scale magnetic activity, and they are used
to determine events. By measuring the variation of TEC
with latitude and longitude for each occurrence, we were
able to investigate the storm influence in the ionosphere.

DATABASE AND METHODOLOGY

Data from the Global Positioning System (GPS) ground
receivers is used in this study. The data from GPS is
stored as RINEX (Receiver Independent Exchange For-
mat) files, which are then converted to ASCII files. We
have obtained the data from the UNAVCO data center
(www.unavco.orgdata/gps-gnss/), which manages
GPS/ GNSS data and products from tens of thousands of
globally spread permanent stations and campaign sites.
GPS data was recorded in universal time ( UT = Local
Time (LT) + 5:45 ). As Nodes on the Internet web sys-
tem, we employed Operating Mission’s Internet-based
data service (OMNI).
We used data from the OMNI (http://omniweb.gsfc.
nasa.gov/form) site to observe solar wind particle ve-
locity (Vsw), solar wind pressure (Psw), the southern
component of the IMF-Bz, and geomagnetic indices such
the Aurora electrojet (AE), the Kp, and Dst indices. The
TEC data was transformed to hourly data after 60 sec-
onds. We focused on three events in particular. The
first one is a minor storm, the second is indeed a mod-
erate storm and the third is indeed a intense storm. The
geomagnetic indices Dst, Kp, and AE were used to eval-
uate these geomagnetic activities. The Kp and AE in-
dices were used to determine the severity of geomagnetic
activities, while the Dst index was used to determine
geomagnetic conditions. Minor, moderate, and intense
geomagnetic storms are identified by Dst values of (−50
< Dst < −30 nT), (−100 < Dst ≤-50 nT), and (−250
< Dst ≤ -100 nT) [3]. We compared TEC to the five
quietest days of each month from four GPS stations for
each event, and then discussed the cross-correlation of
VTEC with other solar wind parameters and geomagnetic
indices. The correlation coefficient varies from -1 to +1,
with negative and positive values suggesting strong linear
fit and values approaching zero indicating poor linear fit.
Table I indicates the information related to configuration
of GPS stations and Table II indicates the information
related to events.
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TABLE II. Information of events
Event Date Geomagnetic Activity Kp Index
2020/04/20 minor 5-
2016/05/08 moderate 6+
2017/09/08 intense 8+

RESULTS AND DISCUSSION

This section comprises the observation and discussion of
geomagnetic indices, solar wind parameters, and VTEC
variation on the selected event days. Moreover, we have
made a cross-correlation analysis of VTEC with solar
wind and geomagnetic parameters which manifests geo-
magnetic activity.

Observed Geomagnetic Indices and Solar Wind Parameters

FIGURE 1. From top to bottom, the panels show the variation of the south-north component of Interplanetary magnetic field-Bz
(nT) in GSM coordinate system, Flow speed Vsw (km/s), solar wind pressure(nPa), Kp, Dst (nT) with time (UT) respectively.

The study presented in Figure 1 represents variation in
interplanetary parameters and geomagnetic indices during
a geomagnetic storm that occurred on April 20, 2020. The
first row of Figure 1 reveals that by 10 UT, the north-south
component of IMF (Bz) value has reduced to a minimum
of -11 nT. During this process Magnetic re-connection oc-
curs between the negative IMF and the magnetosphere,
opening the field lines with one end connected to the Earth
[20]. The phenomena allows protons and electrons to leak
in Earth’s atmosphere. The flow speed (Vsw) increased
from 0 UT to 8 UT as represented in the second row of
the Figure. At 8 UT, the streaming reached a peak of 370
km/s. After that, a steady value was reduced, followed by
a rise to a second peak value of 365 km/s at 13 UT. The so-
lar wind pressure (Psw) increases from 0 UT reached peak
value of 8 nPa at 8UT. Following then, a sharp declination
of Psw to 1 nPa is observed. The fourth row reveals that
Kp value has not exceeded 5.The Kp-index is the global

geomagnetic activity index that is based on 3-hour mea-
surements from ground-based magnetometers around the
world.The fifth row shows Dst index which is the longi-
tudinally averaged part of the external field measured at
the geomagnetic dipole equator of the Earth [21]. The
minimum value of Dst is recorded -56nT at 12 UT. The
observed values of Bz, Dst, Kp and flow speed (Vsw) in-
dicate that the geomagnetic event of April 20, 2020 is a
minor geomagnetic storm. The minor events occur at a
rate of 1700 per cycle (1 cycle = 11 years), posing a slight
threat to satellite.

Figure 2 presents the variation in studied solar wind
and geomagnetic parameters during storm event of 08
May 2016. Figure shows that field strength Dst decreases
dramatically during the storm main phase which typically
lasts for about 8 hours (1 UT to 8 UT). During this period
Dst value is declined from 1 nT to -72 nT indicating the
moderate geomagnetic storm [3]. Moderate events oc-

72 K.C. et al.



The Special Issue of JNPS, ICFP 2022 Total Electron Content in the Quit and Disturbed Period

FIGURE 2. From top to bottom, the panels show the variation of the south-north component of Interplanetary magnetic field-Bz
(nT) in GSM coordinate system, Flow speed Vsw (km/s), solar wind pressure(nPa), Kp, Dst (nT)and AE (nT) indices with time
(UT) respectively.

FIGURE 3. From top to bottom, the panels show the variation of the south-north component of Interplanetary magnetic field-Bz
(nT) in GSM coordinate system, Flow speed Vsw (km/s), solar wind pressure (nPa), Kp, Dst (nT) and AE (nT) indices with time
(UT) respectively.

cur at an average of 600 times per 11 years, which might
cause HF radio transmission to decline at higher latitudes.
The main phase of storm is due to increase in the ring cur-
rent, resulting from an enhanced particle flow towards the
Earth [22]. This event is remarked with large variability

in near Earth solar wind condition. As witnessed from
first row of the Figure 2 the IMF Bz turned towards south
direction from first hour of the day reaching minimum
of -11 nT, at 5 UT. It is well known that geomagnetic
storms tend to occur when IMF is directed southward.
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A larger southward Bz value allows for a more effective
energy transfer from the Sun’s magnetic field lines to the
Earth’s magnetosphere [20]. The second row of the Fig-
ure shows the increment of solar wind velocity from 0 UT
to 11 UT streaming a maximum of 590 km/s. Following
that, a stable value was maintained before increasing to
its second peak of 625 km/s at 20 UT. The solar wind
pressure (Psw) increases from 0 UT to 6 UT attaining
the peak value of 9 nPa. During the geomagnetic storm,
the enhancement in the pressure and speed of solar wind
is due to the strong shock found ahead of fast coronal
mass ejections [23]. The Kp value is recorded within 4
and 6 throughout the day. Similarly, the AE index varies
from 0 to a peak of 1290 nT. While the AE index value
is tens of nT during a quiet period, it jumps to several
hundred and more than a thousand nT during storms and
sub-storms [24]. The variation in interplanetary and geo-
magnetic conditions during storm event of 08 September
2017 is represented in Figure 3. This space weather event
is probably the most studied event of solar cycle 24 [25,
26, 27, 28] as the storm was characterized by two pro-
nounced Dst minima within time interval of few hours
on the same day. As witnessed from Figure 3, the first
minimum is observed at 2UT (-142 nT), and second at
14 UT (-122 nT). Both minimum were accompanied by
shock wave of the Coronal Mass Ejection (CME) from
the solar surface [29]. The detail of this event can be fond
in dimmock et al., (2019) [30]. The first row of Figure

3 shows that the Bz with value -24.2nT at the starting of
the day, in southward direction steadily turned to north
gaining the amplitude of 10.4 nT at about 5 UT. After 10
UT, Bz is again turned toward south maintainig the peak
value of -18nT at around 13 UT. This southward leading
magnetic field are associated with stronger geomagnetic
storms [31]. The second row of the Figure illustrates
the inclining speed of plasma until a large forward shock
arrives near 08:00 UT. The significant increase in speed
from approximately 600 km/h to more than 830 km/h is
a indication of the shock. The solar wind pressure (Psw)
also increased until 10 UT to reach a peak of 7.5 nPa.
This enhancement in solar wind dynamic pressure during
southward IMF configuration is attributed to solar wind-
magnetosphere coupling and increment in ring current
injection rate [32, 33]. Kp index is recorded 8 during the
peak phase of storm event. Kp is the largest difference
between the highest and the lowest values of X and Y
components of geomagnetic field [34, 35]. Similarly, the
AE index in the last row swings from 0 to a peak of 1442
nT about 14 UT. AE-index serves to estimate the global
electrojet activity in the auroral zone [36]. The recorded
value of solar wind parameters and geomagnetic indices
shows that the event of 8 Sepetember, 2017 is intense
geomagnetic storm. These type of geomagnetic storms
causes surface charging and tracking issues for satellite
system.

VTEC Variation during Geomagnetic Activity

Fig. 4 compares the variation of TEC during a minor
storm event of April 20, 2020 with mean TEC of the most
five quietest days of same month of 2020 at BIRT, SIND,
LAMG, and SYMB GPS stations. In general, the diurnal
variation of TEC is lowest in the pre-dawn, has a con-
stant incline in the early morning, a maximum TEC value
in the afternoon, and then progressively decreases after
sunset. This pattern of diurnal variation of VTEC is very
expected phenomena because ionization process in upper
atmosphere increases with increment in solar radiation in-
tensity. From all locations, the value of TEC was greater
on disturbed days than on quiet days, as shown in Figure
4. The peak value of VTEC in both quiet and disturbed
day is found to be around 8 UT. The day time peak TEC
values depend greatly on the strength of the equatorial
ionization anomaly in the low latitude regions [37]. The
difference in VTEC between disturbed day and the quiet
days is found to vary between 3-7 TECU.The change in
VTEC in storm time can be attributed to prompt penetra-
tion of electric field originated due to the under-shielding
and over-shielding conditions, and traveling atmospheric
disturbances [38, 39].
Fig. 5 compares the TEC variability during a storm event

of May 8, 2016 with mean TEC of the most five quietest
days of May, 2016 over the studied GPS stations. One
can observe that both disturbed day and quiet day fol-
lowed the diurnal pattern of VTEC in case of a moderate
storm event. It is observed that VTEC value of storm day
overestimate quiet day VTEC from 2 UT to 22 UT. The
peak value reached above 50 TECU at 8 UT during the
event day. At the same time of the day, VTEC peak with
value around 40 TECU is discovered in quiet days. As
there is an increase in the ionospheric electron content in
event day in relation to quiet days, the geomagnetic storm
of may 8, 2016 is positive ionospheric storm. The mecha-
nisms that enhance the occurrence of positive ionospheric
response can be found in Goncharenko et al.,(2007) [40]
and Huang et al.,(2005) [41]. Moderate geomagnetic
storms strongly disturb the equatorial and low-latitude
space-time evolution of VTEC and the ionospheric elec-
trodynamics compared with quiet days [42].

Fig. 6 shows the variation of the TEC during the in-
tense geomagnetic storm of 8 September 2017, along with
the mean TEC of the top five quietest days of the same
month of 2017. This Figure reveals a considerable in-
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FIGURE 4. Comparison of TEC variability during a minor storm event of April 20, 2020 with mean TEC of the most five quietest
days of the same month at BIRT, SIND, LAMG, and SYMB GPS stations resectively.

FIGURE 5. Comparison of TEC variability during a moderate storm event of May 8, 2016 with mean TEC of the most five quietest
days of the same month at BIRT, SIND, LAMG, and SYMB GPS stations resectively.

crease in the VTEC value during the storm when com-
paring a storm day to a quiet day. During this geomag-

netic event, the diurnal variation pattern of the minimum
VTEC in the predawn hours was not followed as in previ-
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FIGURE 6. Comparison of TEC variability during a intense storm event of September 8,2017 with mean TEC of the most five
quietest days of of the same month at BIRT, SIND, LAMG, and SYMB GPS stations resectively.

ous studied events. This could be due to the fact that the
day’s initial few hours were spent in the midst of a intense
geomagnetic storm (refer previous section) developed at
late night hour of previous day [28]. It is interesting to
note multistep VTEC variation on this geomagnetic event
i.e., it first sharply increased during 0-3 UT, then it sud-
denly decreased at 04 UT and again started increasing to
attain a peak value of 44 TECU, 43 TECU, 42 TECU and
43 TECU at BIRT, SIND, LAMG, and SYMB stations,

respectively, exactly at the same time, 06:00 UT. Then,
it gradually decreased for the remaining time period. In
addition, we noticed a slight increase in the VTEC value
around 14:00 UT. It could be related to the second phase
of the storm that occurred at 14:00 UT. This VTEC en-
hancements can be attributed to the combined impacts
of Prompt Penetration Electric Fields (PPEFs) and sud-
denly increased extreme ultraviolet (EUV) radiations and
X-rays accompanied with the solar flare [27, 43].

Cross-Correlation Analysis

Cross-correlation is the measurement to establish the re-
lationship between two time series data. Several early
researchers considered it as a robust tool to compare
multiple time series and employed it to study Relativis-
tic electron flux [44], solar eclipse [45, 46, 47], solar
wind parameters [48], and now also for seismic activities
[49]. Fig. 7a, 7b, and 7c demonstrate the plot of cross-
correlation of mean hourly VTEC data of LAMG GPS
station with mean hourly VTEC data of BIRT, SIND, and
SYMB GPS stations during minor, moderate and intense
geomagnetic storms. The horizontal axis depicts the time

scale in hours, which goes from (-24 to 24), while the ver-
tical axis depicts the cross-correlation coefficient, which
ranges from (-1 to +1). Following the correlation of the
indices, time scales are utilized to identify the lead or lag
between them. The Figures showed a substantial positive
correlation between mean hourly VTEC data from the
LAMG GPS station and data from other stations with a
cross-correlation coefficient of +1 at zero time lag. This
result simplifies the selection of the LAMG GPS station
as a reference station, and it has been used to represent all
other stations in this study.

During the minor geomagnetic storm that occurred on
April 20, 2020, the cross-correlation results of VTEC
with IMF-Bz, Vsw, Psw, Kp, and Dst are shown in Figure
8a. The yellow curve (VTEC-Kp), blue curve (VTEC-

Vsw), and red curve (VTEC-Psw) in the Figure demon-
strate a negative correlation coefficient ranging from -
0.19 at a time lag of -4 hours to 0.61 at +12 hours. The
black curve (VTEC-Dst) illustrates the nature of mod-

76 K.C. et al.



The Special Issue of JNPS, ICFP 2022 Total Electron Content in the Quit and Disturbed Period

FIGURE 7. Cross-correlation of mean hourly VTEC data obtained from LAMG GPS station with VTEC data from BIRT, SIND
and SYMB GPS stations on a) 08 MAY 2016 b) 08 SEPTEMBER 2017 and c) 20 APRIL 2020.

FIGURE 8. Cross-correlation of GPS VTEC with the component of Interplanetary magnetic field IMF-Bz (nT) in GSM coordinate
system, Flow speed Vsw (km/s), Flow pressure Psw , Kp (nT), Dst (nT) and AE (nT) on a) 08 SEPTEMBER 2017 b) 08 MAY
2016 and c) 20 APRIL 2020.

erate correlation, which crosses the zero point with a
cross-correlation coefficient that spans from +0.12 at 12
hour time lags to -0.87 at -6 hour time lags. VTEC-IMF-
Bz (green curve) has a similar nature, with a coefficient
ranging from -0.19 at a time lag of -4 hours to 0.615
at +12 hours. Similarly, with zero-time lag, the yellow

(VTEC-Kp) and blue (VTEC-Vsw) curves indicate a high
positive correlation with amplitudes of 0.94 and 0.90, re-
spectively. The plots of the red curve (VTEC-Psw) also
reveal a positive association with a maximum amplitude
of 0.8634 at a 2 hour time lag. The plots of the black
(VTEC-Dst) and green (VTEC-IMF-BZ) curves are a lit-
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tle unsymmetrical when compared to cross-correlation
plots of the other events.
During a moderate geomagnetic storm on May 8, 2016,
the cross-correlation results of VTEC with IMF-Bz, Vsw,
Psw, Kp, Dst, and AE are shown in Fig. 8b. When they
are in the same phase, i.e. lag zero, the red (VTEC-
Psw), blue (VTEC-Vsw), and yellow curves demonstrate
a good positive correlation of VTEC with Psw, Vsw,
and Kp with maximum cross-correlation coefficient val-
ues of 0.94, 0.86, and 0.82, respectively. At a zero-time
lag, the magenta curve (VTEC-AE) similarly exhibits
a positive connection, with a correlation coefficient of
0.81. At zero-time lag, the green (VTEC-Bz) and black
(VTEC-Dst) curves preserved amplitudes of -0.66 and
-0.84, respectively, indicating a negative correlation be-
tween VTEC and IMF-Bz and Dst.
During the intense geomagnetic storm day on Septem-
ber 8, 2017, the cross-correlation results of VTEC with
IMF-Bz, Vsw, Psw, Kp, Dst, and AE are shown in Fig. 8.
The mean hourly VTEC value of the LAMG GPS station
was utilized since, as previously stated, it demonstrated a
significant correlation with data from other stations. The
yellow (VTEC-Kp), blue (VTEC-Vsw), and red (VTEC-
Psw) curves practically overlap throughout the lag -24
to +24 hours in the Figure, with a maximum correlation
coefficient of 0.93 at zero-time lag, indicating the signifi-
cant positive correlation of VTEC with Kp, Vsw, and Psw
when they are in phase. At a zero-time lag, the magenta
curve (VTEC-AE) similarly exhibits a positive associa-
tion with a correlation coefficient of 0.79. At zero-time
lag, the green (VTEC-Bz) and black (VTEC-Dst) curves
maintained amplitudes of -0.415 and -0.946, respectively,
indicating a negative correlation of VTEC with IMF-Bz
and Dst. Furthermore, the greatest value achieved by the
green curve and black curve at +2 hours and -10 hours
time lags, respectively, demonstrates that VTEC had led
IMF-Bz and Dst by 2 hours and 10 hours before they
correlated.

CONCLUSION

We presented a study on the behaviour of GPS derived
VTEC on three different geomagnetically disturbed days.
The event days were categorized from minor to intense
by analyzing the geomagnetic indices- Kp index, Dst val-
ues, and AE index, as well as solar wind parameters- so-
lar wind speed, interplanetary magnetic field, and solar
wind pressure . The study was made using TEC derived
by dual frequency GPS receivers deployed at four differ-
ent locations: (87.26◦E, 26.48◦N); (85.79◦E, 27.87◦N);
(84.57◦E, 28.17◦N); and (86.70◦E, 27.81◦N). Our results
can be summerized as follow:

The diurnal variation pattern of VTEC was preserved
in a minor and moderate storm day, i.e., minimum in the

predawn, maximum during day hours, and then again
drops during the night. A similar pattern with low am-
plitute VTEC peak was followed in quiet days. However,
during the case of a severe geomagnetic storm, we no-
ticed an unusual diurnal pattern with several VTEC peaks
throughout the day, which might have occurred due to the
development of the geomagnetic storm in the late nights
hours of the day before the main event and another shock
wave experienced at the mid-day time of event day.

The VTEC enhancement was significantly high on the
severely disturbed day, followed by the moderate storm
and the minor storm. Overall, the positive ionospheric
storm effects are observed in all event days. Imtiaz et
al 2020 have associated positive ionospheric response
with the ionospheric electric fields and the traveling at-
mospheric disturbances. The variety of space weather
phenomena such as the solar flare, coronal mass ejec-
tion, the high speed solar wind stream contributes to the
enhanced TEC [50].

Cross-correlation analysis presented the association of
VTEC value with solar wind parameters and geomagnetic
indices. The VTEC value shows a strong positive associ-
ation with solar wind velocity, Kp index and solar wind
dynamic pressure and AE. The Dst-index is negatively
associated with VTEC during minor and moderate storm
days with relatively less time lag; however, at 0 hrs time
lag during intense storm. The north-south component of
IMF shows good negative correlation with VTEC in se-
vere storm day and feeble negative correlation in moder-
ate storm event but we observed positive as well as nega-
tive association of VTEC and Bz at different time lags in
minor event day. Thus, it is suggested not to rely solely
on one interplanetary or geomagnetic parameter in a study
of specific events especially if one desire to monitor Iono-
spheric characterstics during geomagnetic storms.

Studying the Ionosphere of Nepal during geomag-
netic storms we found that the GPS measurement of
ionospheric TEC is quite effective in monitoring space
weather activities. These type of studies are crucial to
monitor the solar activities and ionospheric response dur-
ing multiple space weather events so that we can mitigate
possible hazards in our infrastructures like radio signal
disruption, power grid fluctuations, voltage control prob-
lems, induced pipeline currents, and satellite orientation.
We believe that this study would serve as a baseline for
providing crucial information on ionospheric variability
over Himalayan territory region, and future researchers
can use these data to improve models of ionospheric dy-
namics. Further investigation with the use of different
statistical and computational tool is suggested to explore
this observation.
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