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ABSTRACT

The recording of total electron content (TEC) data has been in progress at a low latitude station Agra (27° N, 78°
E), India since 01 March, 2006. In the present study, we analyze the GPS-TEC data for a period of 12 months
from 1 January to 31 December, 2011 for the first time during the ascending phase of solar cycle 24. We find a
good correlation between vertical total electron content (VTEC)and solar activity (solar flux F10.7 cm). A
statistical study employing mean (m) and standard deviation (o) approach is adopted to show the variations of
the data. The peak value of daytime TEC is found in the month of October above mean + ¢ whereas the
depletions are seen in the months of January, February and April below mean - ¢. The variations in the
nighttime data show similar results as the daytime. We compare our results with the IRI-2007 model and find
strong correlation with variations during each of the three seasons (summer, equinox, and winter). These results
are well supported by the results of earlier workers (Sharma et al., 2010; Kumar et al., 2010).

Keywords: GPS-TEC; morphological study, low latitude; IRI-2007 model.

INTRODUCTION

The ionosphere is a very complex system and it  low solar activity period of 2004—2005. The diurnal
can be perturbed by a slight change in any of its  variation in the equatorial ionization anomaly (EIA)
parameters. The remarkable results during the last  region shows its maximum value between 13:00 and
few decades related to characteristics of low latitude  16:00 LT and the day minimum in TEC occurred
ionosphere have generated a lot of interest to study its ~ between 05:00 and 06:00 LT at all the observing
morphology and the associated physical mechanisms.  stations from the equator to the EIA crest region. The
In the last decade, TEC variations with local time, seasonal variations of TEC have shown maximum
season, and solar activity have been studied  during the equinox months and minimum during the
extensively (Warnant et al., 2000; Gupta and Singh, = summer. The equatorial electrojet (EEJ) strength has
2000; Bhuyan and Borah, 2007; Wu et al., 2008, 2012;  also shown the same feature during the above seasons.
Bagiya et al, 2009;Chauhan and Singh, 2010; Chauhan and Singh (2010) have studied the
Mukherjee et al, 2010; Natali and Meza, 2011; morphological characteristics of TEC at Agra, India
Kumar et al., 2012; Prasad et al. 2012; Sharma et al.,  for a period of one year from 01 January to 31
2012; Akala et al., 2013; Huy et al., 2014). Many = December, 2007 using a GPS receiver. The mean
researchers have found very interesting results on the =~ TEC values show a minimum at 0500 h LT (LT = UT
study of effect of magnetic storms on total electron  + 5.5 h) and a peak value at about 1400 h LT. The
content (Lastovicka, 2002; Dashora et al., 2009; TEC values are low in winter whereas large in
Trivedi et al., 2011, 2013; Xu et al., 2012; Adebiyi et  equinox and summer. Anomalous variations have also
al., 2014). All these studies have shown the been found during the period of magnetic storms.
characteristic features of the total electron content  Mukherjee et al. (2010) have reported the variability
(TEC) for all around the globe. Rama Rao et al.  of TEC over the crest of equatorial anomaly station
(2006a) have investigated the temporal and spatial = Bhopal during the low solar activity period (2005—
variations in TEC using simultaneous measurements  2006) using GPS-TEC data suggesting that the higher
from the Indian GPS network of receivers during the  variability is observed on quiet days as compared to
disturbed days during daytime and nighttime hours. = TEC at four Indian GPS stations during the year
Prasad et al. (2012) have also studied the variations of =~ 2004.The TEC values are higher during equinoctial
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months and lower during summer months and a
significant day-to-day variability is observed. The
variations are found more at the anomaly crest
locations and less at the equatorial stations which are
supported well by IRI-2007 model over the four
Indian locations. The variations with solar activity
indices (SSN, F10.7 and EUV) have shown good
correlations  during equinoctial months  but
unsatisfactory correlation during summer months. Wu
et al. (2012) have presented the results of TEC data
for the period of one year obtained from China
Crustal Movement Observation Network during
declining solar activity phase of 2004, in which the
seasonal, local time, latitudinal and longitudinal as
well as day-to-day variations have been studied. They
found that the day-to-day variation of TEC was not a
monotonic change along the latitudes. It was usually
weaker in the middle of China than that in the north
or south. The seasonal variation of the ionospheric
TEC shows a double-peak structure at the vernal and
autumnal equinoxes, and the diurnal variation of the
ionospheric TEC shows an obvious peak structure in
the post noon. These peak values increased from the
north to the south of China. Huy et al. (2014) have
investigated the variations of total electron content in
the South East Asian equatorial ionization anomaly
region during the period of 2006-2011 by using a
latitudinal chain of GPS stations extending in the
northern and southern hemisphere. The results show
that both crests move significantly equatorward in
winter than other seasons and there is a tendency for
both crests to appear earlier in winter and later in
summer.

In the present study, we analyze the TEC data for
one year from 01 January-31 December, 2011 recorde
d at the low latitude GPS station Agra, India during th
e rising phase of solar cycle 24. We study the diurnal,

seasonal, nighttime variations of TEC data and find s
ignificant variations of both types, enhancements and
depletions as examined statistically using the m +c cr
iterion. We also study the correlation between the TE
C data and solar activity parameters and magnetic sto
rms. Further, we compare our results with IRI-2007
modal and find a strong correlation. The data of solar
flux (F10.7 cm) index is taken from the NASA websit
¢ of http://omniweb.gsfc.nasa.gov/form/dx1.html.

EXPERIMENTAL SETUP AND

METHOD OF ANALYSIS
The experimental setup wused for TEC
measurements at the low latitude station Agra include
L1/L2 GPS antenna (Novatel’s Model GPS 702), a
GPS receiver (Novatel’s Euro Pak 3-M), connecting

™)

cables imported from GPS Silicon Valley, USA and
relevant software (novatel.com). The GPS receiver
can locate up to 11 GPS signals at two ultra high
frequencies of 1575.42 MHz and 1227.6 MHz. It
measures phase and amplitude at 50-Hz rate and
code/carrier divergence at 1- Hz rate for each satellite
being tracked and computes TEC from combined
frequencies pseudo range and carrier phase
measurements. The primary purpose of the GPS
receiver is to collect ionospheric scintillation and
TEC data for all visible satellites. The analysis
procedure is to convert slant-TEC (STEC) into
vertical-TEC (VTEC)by multiplying with a suitable
mapping function given by;
il

[1 _ (RE xcos (E)
Rg + hg

where Rg is the mean radius of the earth in km, h,,
the ionosphere(effective) height above the earth’s
surface, z, the zenith angle and E, the elevation angle
in degrees. The effective ionospheric height of 350
km is used for determination of IPP locations (Rama
Rao et al., 2006b). Since, TEC variation may be
affected by multipath, troposcatter and water vapor at
low elevation angles (Rama Rao et al.,2006b), values
of TEC are taken at higher elevation angles(>50°).

0.5
1

SE)=——=
® COSZ

VIEC Fehrasry VIEC

Local Time (LT)

s » 0
Days of month

Fig.1 This figure shows the contour plots of monthly
variations of GPS-TEC observed at a low latitude
Agra during the ascending phase of solar cycle 24 for
the months of January-June, 2011. Here, white places
show non-availability of data.
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Fig.2 The same as in Fig. 1 but for the months of
July-December, 2011.

RESULTS

Diurnal variations

Diurnal variations of VTEC at Agra are studied by
plotting the mass plots for each month as shown in
Figs. 1 and 2 respectively. The diurnal pattern of
VTEC increases during sunrise to an afternoon
maximum and then decreases to attain a minimum
just before sunset. The diurnal variation shows many
characteristics typical of low latitude ionosphere such
as a VTEC minimum at pre-dawn and gradual
increase with the time of the day attaining a
maximum in the afternoon and a gradual decrease
after sunset. These features are similar to those
obtained by earlier workers (Bagiya et. al., 2009,
Chauhan and Singh, 2010; Mukherjee et al., 2010;
Sharma et al., 2012). The daily peak value of the
VTEC lies between 14:00 to 16:00 hrs. These mass
plots show the day-to-day wvariations of VTEC,
particularly during the mid-day to morning hours
which are helpful in forecasting and navigation
(Bagiya et al., 2009; Rama Rao et al., 2006a). The
day-to-day variations of VTEC at Agra may be

colours of lines. In Fig. 3b, we show the diurnal
variations of monthly mean VTEC and yearly mean
of TEC data repeated on each month throughout the
year. We can clearly see that the major enhancements
in TEC data are found in the months of October and
November above the yearly mean, and some minor
enhancements in the months of May and September
are also found. The depletions in the data are also
seen in the months of January, February, and April
below the yearly mean. Fig. 3¢ presents the average
value of VTEC for each month of the year of 2011
where the solid horizontal lines indicate the m + 6, m
(mean), and m — o respectively. Fig. 3d shows the
enhancements (above m + o) and depletions (below m
- o) in the data for the same period. The major
enhancement in the data is found in the month of
October (= 10% above m + o) and a large depletion in
the month of January (= 40% below m- ). So we can
conclude that TEC values are enhanced in equinox
and decreased in winter season.
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