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Abstract:

GPS data from the 1GS Hyderabad, Bangalore station were used to estimate the Total
Electron Content (TEC) of the ionosphere during the geomagnetic storm that occurred on
May 15, 2005. RD_RINEX slant TEC program and UNB lonospheric Modelling Techniques
were used to estimate TEC from these two-station data. Three consecutive days were used to
analysed TEC and measure the rate of change of TEC (d(TEC)/AT). In this paper, the
percentage variation during the period 14-16, May 2005 on day and night and the TEC
response to a geomagnetic storm were discussed.
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Introduction:

In order to study the F-region storm effects (both positive and negative) at equatorial

and low-latitude regions, several authors have recently used the Global Positioning
System(GPS) (Singh et al ,2021). Numerous studies (Prolss, 1995, Fuller et al., 1998,
Buonsanto,1999, Danilov and Lastovicka, 2001) have examined the circumstances and the
mechanisms that result in the complex spatial and temporal structure in the F region of the
ionosphere during geomagnetic storms (Rajana etal, 2024).
Case studies of particular ionospheric storms have also been studied by many researchers
(Ho et al, 1998, Cander and Mihajlovic, 1998; Jokowski et al., 1999). The plasma distribution
of the ionosphere significantly affects the ionospheric electric field disturbances during the
magnetic storms observed at mid and low latitude stations on different time scales.

According to several researchers (Nishida ,1968; Vasyliunas ,1970, 1972; Jaggi and
Wolf ,1973), and longer-lasting disturbance-wind dynamo effects (Spiro et al., 1988; Sastri,
1988), they are caused by both the rapid penetration of time-varying magnetospheric fields
from high latitudes to low latitudes. A low mid-latitude station experienced a significant
increase in total electron content (TEC) during the Bastille Day storm in July 2002 of about
250% compared to the quiet day conditions (Araujo-pradere, 2005). Season, solar activity,
and magnetic activity have all been investigated in relation to nighttime improvements in
TEC at low, mid, and high latitudes (Young et al., 1970). For all seasons, researchers found
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that the occurrence frequency (in percent) of TEC boosts during weak storms is higher than
during quiet nights (Unnikrishnan et al. (2002). There is a strong correlation between the sun
zenith angles and dTEC /dt (Wan et al. ,2005). Additionally, the TEC fluctuation rate and
TEC increment are both proportional to the radiation flux and inversely proportional to the
Chapman function.

In this research, we use GPS data from the IGS station in Hyderabad to analyse the
response of the low latitude ionosphere to the various phases of the major geomagnetic storm
that occurred on May 15-17, 2005.

GPS Data Processing:

The UNB lonospheric Modeling Technique (UNB-IMT) and the RD_RINEX
software are used to process the GPS data from the Hyderabad station. UNB was created in
1997 by Attla Komjathy at the “Department of Geodesy and Geomatics Engineering at the
University of New Brunswick (UNB)”. It produces ionospheric corrections by calculating
TEC from GPS observables at both L1 and L2 frequencies. The software models the
ionospheric measurements from a dual frequency GPS receiver with the single-layer
ionospheric model (Komjathy, et al 1997), and it also estimates the coefficients of a linear
spatial approximation of TEC over each station in addition to the satellite and receiver
differential biases. Utah State University, Logan's Scherliess and Don Thompson created the
RD_RINEX software. According to Scherliess et al. (2006), RD_RINEX is a program that
converts RINEX observation and navigation files into the format required by the GAIM
Kalman Filters. The software anticipates P1, P2, L1, and L2. Should P1 not be accessible, C1
will automatically take its place, provided it is available. Links that don't have at least two
hours of data will not produce any output. No data are used that are less than 15 degrees
above the horizon. The application makes an attempt to read the coordinates of the station
from a file named gps_coord.dat.The coordinates from the RINEX file are used and
considered reliable if the station isn't included in this file. Since this station consistently has
all of the satellites in the file, we use the "brdc" navigation files. Occasionally, a single
ground station can view all of the satellites visible to other stations. The brdc*n files were
acquired from ftp.ngs.noaa.gov.

The Slant Phase TEC and Slant Code TEC are the program's outputs. Thus, we can
derive Vertical Phase TEC and Vertical Code TEC by utilizing an appropriate geometrical
mapping function.

Results and Discussion:

On May 15, the shock was observed at about 0600UT i.e. 1130LT (Local Time)
[Pandey and Dashara 2005]. When compared to the third day (May 15, 2005), which shows
an increase in VTEC values and a significant decrease in the Dst value that reached its lowest
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point (-256nT) at 0900 UT on the same day, Fig. 1 shows the first two days as quiet days that
we use as reference days and are less influenced by the storm. The Kp index abruptly attained
a value of 5 during the SSC and maxed at a value of 9, corresponding with the period of the
lowest Dst value. The main phase has a short duration.

In Fig.2(a) and Fig.2(b), we also observe that the TEC value suddenly increases and
then continues decreasing on May 15 2005 during day time hours and also into the night time
but the enhancement is less pronounced relative to the day time hours.

Fig.2 (c & d) shows that the rate of loss of TEC also increases on 15 May 2005
relative to quiet day during day time while a slight increase in d(TEC)/dT is observed at night
relative to the quiet night. The easiest way to express how the ionosphere reacts to
geomagnetic disturbances is as ATEC%; this may be computed using the formula [Forster
and Jakowski, 2000].

AT EC% = (T ECgist — T ECquiet) /T ECquier X 100%.

Fig. 2 (e & f) show the percentage deviation of storm time TEC values relative to the
quiet day around day and night time hours. During the day time the deviation was 120%
relative to the quiet day time while during the night time it was only 40% relative to the quiet
night.

The dynamical connection between the high and low latitude regions is responsible
for the increase in the TEC value caused by the equatorial F-region behavior under perturbed
conditions, as opposed to quiet conditions. This can be mainly explained by two mechanisms:

1) Solar wind magnetospheric dynamo
2) lonospheric disturbance dynamo

The first process is responsible for the polar cap potential variations, resulting in the
rapid penetration of the electric field to low latitudes. The second mechanism, originating
from changes in the global circulation due to Joule heating at auroral latitudes during
magnetic storms, is described by Scherliess and Seger (1997).When hmF2 indicates a lower
height value, the composition disturbance may be still another factor contributing to the
augmentation of ground-based GPS TEC. The poleward disturbance zone causes the neutral
species to downwell at low-middle latitude, which raises the [O] density in relation to N2 and
02 (Wan et al.,2005). At the maximal height of the F2 layer, the electron concentration is
almost directly proportional to the [O]/[N2] ratio (Yizengaw et al, 2006, Pandey and Dashara,
2005).

Conclusions:
(a) During the main phase of the storm on May 15, 2005, the percentage deviation of
TEC at Hyderabad was increased to 120 % relative to quiet day time values, however,
the percentage deviation was reduced to 40% during the same night (Fig.2(e & f)).
(b) On May 15, 2005, both during the day and at about 03:30 hrs at night, the rate of loss
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of TEC (d(TEC)/dT) increased (Fig. 3(c &d)).

(c) Positive and negative effects of the storm on TEC could be explained by the
generation of the eastward and west ward electric fields of magnetospheric origin which
may lift the F-layer during day time enhancing TEC values and pushes the plasma down
on the night side thereby reducing the TEC values.
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Figure Captions:
Figure 1: From top to bottom panel shows the computed VTEC values for Hyderabad,
the Dst (nT) index, and bottom panel showing the variation of Kp index on 13-17 May,
2005
Figure 2 (a & b): The VTEC variation for Hyderabad during day and night respectively
on 13-17 May, 2005
Figure 2 (¢ & d): The d (TEC)/dT variation for Hyderabad during day and night
respectively on 13-17 May , 2005
Figure 2 (e & f): The percentage deviation of TEC for Hyderabad during day and night
respectively on 13-17 May, 2005
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