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Abstract

The study investigates the impact of geomagnetic
disturbances on total electron content (TEC) across
different latitudes. GPS satellite signals experience time
delays when passing through the ionosphere which is
quantified as TEC. This study utilized TEC data from
three IGS stations—Bangalore (India), North Liberty
(United States), and Saskatoon (Canada)—representing
low, mid, and high Ilatitudes respectively. The TEC
variations were analyzed for two disturbed days in 2021:
January 25 and August 27, which had XKp values of 22
and 26. Data from quiet days in the same month were
used as a baseline to calculate percentage changes.
Results show significant TEC increases during disturbed
days, with maximum percentage changes ranging from
38% to 125%. These changes were more pronounced at
mid and high latitudes, indicating a stronger geomagnetic
impact in these regions. This research highlights the
sensitivity of ionospheric TEC to geomagnetic
disturbances and its spatial variability, providing insights
into ionospheric behavior crucial for improving
navigation and communication systems.
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1. Introduction

When GPS satellite signals pass through ionosphere for
the navigation and communication they suffer time delay
due to refraction and reflection. This delay in time
depends on density of the ionosphere. This time delay is
used to measure the total electron content (TEC). Its
standard unit is TECU (1 TECU= 10'¢ electron/m?). As
the solar radiations expose the atmosphere in day time,
the value of TEC increases and in night time it decreases.
Hence the study of TEC is very useful to understand the
structure and ionization process of the ionosphere. The
TEC values depend on various factors which include
season, local time, latitude, longitude and latitude. Even
the ionosphere changes with any disturbances whether it
is natural or man-made [1, 2]. During a disturbed day the
structure and density of ionosphere changes and
consequently the TEC values are also changed. The TEC
values can be measured from the positioning data

provided by ground based GNSS receivers installed all
around the globe. A disturbed day is defined as a day
whenever there is any natural or man-made activity occurs
and it perturb the ionization of the ionosphere. The natural
phenomenon includes geomagnetic storms, earthquakes,
volcanoes, solar flare, CME etc. The intensity of disturbed
days may be measured in terms of many variables
including Dst, Ap and Kp indices. The study of changes
in ionosphere on the disturbed days helps to understand
the structure of ionosphere as well as to improve the
navigation and communication signals passing through
the ionosphere. Nishimura et al. [3] defined short term
disturbances or variations in ionosphere those depend on
regional, local or global activities. These disturbances can
impact the accuracy of navigation signals and can also
affect the communication signals. These disturbances are
more often observed at mid and high latitudes [4]. Jin et
al. [5] studied GPS phase scintillations and their study
suggests that the possible reason of GPS disturbances at
high latitudes are due to polar cap patches. These patches
are responsible for convecting clouds of higher plasma
density. Wang et al. [6] studied the TEC variations at high
latitudes and observed that the high density plasma was
formed during ionospheric irregularities. Jacobsen et al.
[7] conducted a study of St. Patrick’s day storm occurred
on 17-18 March, 2015 in Norway. They analyzed and
measured very strong disturbances in GNSS signals using
rate-of-TEC index. They also found co-variation between
ionospheric currents and ionospheric density variations.
Fabbro et al. [8] conducted study of effect of solar winds
at high latitudes above 50° for the time period from 2007
to 2019. Their study revealed the errors in the TEC values
during disturbed weather conditions and they proposed a
model to predict the correct TEC values. In this study we
are focusing on two cases of disturbed geomagnetic
activity in year 2021 by using the data from three IGS
stations locating at low, mid and high latitudes. The
purpose is to understand the role of spatial variations in
TEC during disturbed geomagnetic conditions.

2. Data and Methodology

The TEC data used in this study are obtained from the
web source of IGS stations (https://igs.org/data/) for three
stations namely IISC, Bangalore (India), NLIB, North
Liberty (United States) and SKTN, Saskatoon (Canada).




The coordinates of these stations are given in Table 1 and
their positions on global map are shown in Figure 1.
These stations are selected to represent spatial variations
for low, mid and high latitudes. In this study we
considered two cases of disturbed days from year 2021.
This period of study is the part of present increasing solar
activity cycle. The obtained data from above mentioned
IGS stations are positioning data in RINEX format which
is further used for measuring vertical TEC data. The
VTEC measuring process is accomplished with the help
of open software developed by Dr. Gopi Seemala. The
detailed information about it can be traced at the
following web source; seemala.blogspot.in.

Table 1. List of GPS stations and their locations taken into
consideration for study

Sr Name of Station Geographic | Geographic
No latitude longitude
1 [IN(® 13.021 77.570

(Bangalore,
India)
2 NLIB 41.772 -91.575
(North  Liberty,
United States)
3 SKTN 52.196 -106.398
(Saskatoon,
Canada)
Q. roriia

Figure 1: Locations of considered IGS stations (SKTN,
NLIB, and IISC) on the globe.

Further, to investigate the relationship of disturbed days
and TEC, we get the list of disturbed days from the web
source of World data center, Kyoto
(https://wdc.kugi.kyoto-u.ac.jp/gddays/index.html.) It has
classified five disturb days for every month of the year.
These days are named as Dj, D,, D3, D4 and Ds. These
days are arranged as per reducing intensities of disturbed
condition. These days are classified on the basis of
geomagnetic activity indices like Dst, K, or ZK,,.

To identify any anomalous variation in VTEC data, first
we calculated average VTEC of ten quietest days of same
month, listed on web source by world data center. Further,
we calculated the percentage change between VTEC
values and average VTEC of quietest days. The VTEC
data used for this purpose is hourly sampled.

3. Results and discussion

In this paper, we are presenting two cases of disturb days
for all three stations. These two cases are for Jan 25,
2021 and Aug 27, 2021. The values of ZK,, on these two
days are 22 and 26 respectively. In general, it is
considered that when XK, < 30, it is a weak disturbed day,
>K,=30 is a moderate disturbed day while XK, > 30, may
be considered as a strong disturbed day. But these values
indicative only, sometimes the disturbed geomagnetic
condition can be identified by other factors too like the
values of Dst-index and three hourly Kp-index values.
The values of Kp-index vary on the scale of 0 to 9 and the
values above 5 may represent disturbed geomagnetic
condition.

3.1 Variation of VTEC on January 25, 2021

This case is the Dy day of January 2021 which was
observed on January 25, 2021. On this day, the XK, value
is 22, and it is considered a weak activity disturbed day.
The quarterly values of K, index are 2, 2, 3, 3, 2, 3, 2 and
5. The maximum value of K, index was observed at 2100-
2400 hrs UT. To see any change in VTEC on this day we
plotted VTEC data for five days from January 23 to
January 27, 2021 in Figure 2. The VTEC data on event
day ( January 25, 2021) is kept at the center while other
four curves are representing the VTEC variations for two
days before ( January 23 and 24, 2021) and two days
after ( January 26 and 27, 2021) the event. There are six
panels in this figure in which first and second panels are
for IISC, third and fourth panels are for NLIB, and fifth
and sixth panels are for SKTN station. In every two
panels for each station, the first panel show variation of
VTEC by red lines and average VTEC of quietest days is
shown by black line while the percentage change
variation is shown in the second panel.

The first two panels are showing results for IISC station.
It can be observed from these panels that the peak value
of TEC on the studied disturbed day is observed at 0800
hrs UT equal to 27.09 TECU and its varies by 4.13 TECU
from quietest day average which is equal to 17.97% rise.
Whereas maximum percentage change in TECU was
observed 41.86% at 0100 hrs. The third and fourth panels
of the figure are showing the results for NLIB station.
Here the peak value of TEC on the studied disturbed day
is observed at 1900 hrs equal to 17.99 TECU and its
varies by 8.93 TECU, equal to 98.62% from quietest day
average. Whereas maximum percentage change in TECU
was observed 124.43% at 2400 hrs. The fifth and sixth
panels are showing the results for SKTN station. It can be
seen that the peak value of TEC on the studied disturbed
day is observed at 2300 hrs equal to 14.00 TECU and its
varies by 7.33 TECU from quietest day average, it is
equal to 110.07% change. Whereas maximum percentage
change in TECU was observed 125.55% at 2400 hrs.
These results are clearly indicating that the increased
geomagnetic activity between 2100-2400 hrs UT is affect
TEC variations dominantly. However, the corresponding



changes in TEC are larger at mid and high latitudes as
compared to low latitude station.
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Figure 2.Variations of VTEC from January 23 to January
27, 2021 corresponding to the case of January 25, 2021.
The event day is placed at the center. The variation of
VTEC for IISC station is shown by red curves, and
average VTEC of ten quietest days of January 2021 are
shown by black curves (top panel), plot of corresponding
percentage change between VTEC and average VTEC of
quietest days for IISC station (second panel), same as top
and second panel but all variations are for NLIB station
(third and fourth panel), same as above but all variations
are for SKTN station (fifth and sixth panel).

3.2 Variation of VTEC on August 27, 2021

This case is the D; day of August 2021 which was
observed on August 27, 2021. The value of XK, on this
day is 26 and it is considered a weak activity disturbed
day. However, the quarterly values of K, index are 3, 1, 2,
4,4,4, 4 and 4. From 0900 hrs UT K, index is constantly
4 which is a moderately active value. To see any change
in VTEC on this day we plotted VTEC data for five days
from August 25 to August 29, 2021 in Figure 3. As
similar to Figure 2, the VTEC data on event day ( August
27,2021) is kept at the center while other four curves are
representing the VTEC variations for two days before (

August 25 and 26, 2021) and two days after ( August 28
and 29, 2021) the event. All other details of this figure are
similar to Figure 2.
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Figure 3.Same as figure 2 but for the case of August 27,
2021.

As similar to Figure 2, the first two panels in this Figure 3
are showing results for IISC station. The peak value of
TEC on the studied disturbed day is observed at 1000 hrs
equal to 37.23 TECU and it varies by 9.03 TECU from
quietest day average which is equal to 32.03% rise.
Whereas maximum percentage change in TECU was
observed 38.27% at 1300 hrs. The third and fourth panels
of this figure are showing the results for NLIB station. It
can be seen from these panels that the peak value of TEC
on the studied disturbed day is observed at 2000 hrs equal
to 19.03 TECU and its varies by 8.55 TECU from quietest
day average. Whereas maximum percentage change in
TECU was observed 81.56% at 1900 hrs. The fifth and
sixth panels of the figure are showing the results for
SKTN station. Here, the peak value of TEC on the studied
disturbed day is observed at 2100 hrs equal to 17.40
TECU and it varies by 5.26 TECU from quietest day
average. It is the maximum value of percentage change
too which is equal to 43.28%.



The summary of maximum percentage change observed at
all three stations corresponding to both the considered
cases is given in Table 2. The results show lower TEC
changes at low latitude station while larger changes are
observed at mid and high latitude stations, particularly
mid latitude station experienced much higher change in
TEC values. Similar kind of results were also observed by
Paziewski et al. [4] and Jin et al. [5] in their studies. The
possible reason of these results might be the convecting
clouds of higher plasma density arise due to polar cap
patches.

Table 2: The maximum percentage at different stations
during disturbed days of 2021.

S. Date XKp Maximum percentage
No change between VTEC
and average VTEC (%)

IISC NLIB | SKTN

1 | 25Jan 2021 22 41.86 | 124.43 | 125.55

27 Aug 2021 | 26 38.27 81.56 | 43.28

4. Conclusion

The study of disturbed days and its effect on VTEC
values over year 2021 gives very useful information and
about the response of ionosphere during disturbed
activity. This study consist three different stations situated
at low, mid and high latitudes. It observed that there is
sudden rise in VTEC values during disturbed days. The
maximum percentage change in VTEC values found to be
varied between 38% and 125% from averaged quiet
condition VTEC measurements. These results show that
there is a close relation between disturbed weather and
ionospheric behaviour. This study further reveals that the
behaviour of ionosphere is different at different latitudes.
At different intensity of disturbed day the ionosphere
behaves differently. The effect is better observed at mid
and high latitudes, this might be due to cusp
(characteristic U-shaped traces) auroral processes. A
delay is also observed in peak VTEC variations.
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