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Abstract

Using Total Electron Content (TEC) data obtained
from GNSS data over the Brazilian region, we
investigate two-dimensional structures of Medium-
Scale Travelling lonospheric Disturbances (MSTIDs).
Our analyzed data are taken from -55°W to -45°W and
-30°S to -20°S for the geomagnetic quiet days of 5
(D5), 6 (D6), 26 (D26), 27 (D27) December 2011 during
daytime between 12-17 UT. A new method is applied
to derive the perturbation component of TEC, by
subtracting average TEC at one location as a function
of time from a polynomial best fit of TEC at that
location. Consequently, by computing the cross-
correlation of the perturbation TEC with change in
space-time, we observe the manifestations of MSTIDs
characteristics like, velocity, direction of propagation,
wavelength etc. Since gravity wave is the principal
daytime MSTIDs mechanism, we investigate a
possible connection between the observed MSTIDs
and Gravity waves by analyzing the temporal
variation of the height (h) of the F region over a low-
to-mid-latitude station of Cachoeira Paulista, (-45°W,
22°G, dip latitude 16.9° S). This method reveals a
maximum correlation between these two parameters
suggesting an enhancement of gravity wave activity
during the time when MSTIDs were observed.

Introduction

Medium-Scale  Traveling ionospheric  disturbances
(MSTIDs) are generally the ionospheric manifestation of
gravity waves propagating in the neutral atmosphere,
which travel through the ionosphere over very long
distance (Hines, 1960). They are wavelike perturbation of
the ionospheric plasmas that are frequently observed at
high and middle latitudes (Bristow et al., 1996, Oliver, et
al., 1997). Their activities and amplitudes vary depending
on latitude, longitude, local time, season, and solar cycle
(Kotake, et al., 2006). The MSTIDs have horizontal

wavelength corresponding to An <1000 km, amplitude of

10% of TEC and propagating velocities of 50 - 200 m/s
with  periods of 10 - 60 minutes, but they are not

geomagnetic storm dependent. MSTIDs can also be
generally grouped into two main groups: daytime and
nighttime MSTIDs. While nighttime MSTIDs are usually
characterized with F region irregularity occurrences, the
daytime MSTIDs are not associated with them (Ogawa et
al., 2009).

Although there have been many studies of MSTIDs
using all-sky imager over Brazilian region (Pimenta et al.,
2008, Candido et al., 2008, Amorim et al., 2011) none of
these studies have shown the plasma perturbation using
TEC obtained from GNSS data. In this study, we
introduce new methodologies for the determination of
MSTIDs and reveal several characteristics of daytime
MSTIDs (e.g. new MSTID amplitude up to 1 TECU, and
NE propagation directions) over the Brazilian region.

Method

Since MSTIDs are wavelike perturbation of the
ionosphere (Bristow et al, 1996, Oliver, et al., 1997, and
Nicolls, et al., 2005), perturbation TEC (ATEC) was
derived by taking TEC best fit (TECs) in space (latitude
or longitude) and time and subtracting it from the mean of
absolute TEC as represented in the equation (1):

ATEC=TEC-TEC,(x,1)

N

2 TECy,

where TEC =& —
N

(1)

, I represents each latitude or

longitude for all time and N is the total number of i.
Furthermore, we determine the MSTIDs propagation by
using the ATEC obtained above, by finding the product of
change in space and time and normalizing by dividing by
square of ATEC (which we referred to as cross-correlation
in space changed) according to equation (2):

ATEC|\x,t )X ATEC(x + Ax,t + At
MSTID ppp = ( ) (ATEC()2 )

(@)

where MSTIDpror is the propagation, x is the space (in
longitude or latitude) and (Ax, f) is change is space with
time.
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Results

The following features were observed from our results (A)
ATEC disturbance oscillates in time at a chosen location
with periods covering between 30-60 minutes, (B) the
phase of the oscillation shifts in time while going towards
equator and eastward, (C) corresponding cross-
correlations maximize sometime during 13-16 UT
depending on the day, (D) the maxima are observed to
commonly shift towards equatorward/eastward with time,
(E) these cross-correlation maxima shifts longer and last
longer in latitude than in longitude. Qualitatively, similar
features are noted during other days of 6, 26 and 27.
Noteworthy quantitative differences are the following: (F)
maximum amplitudes of ATEC disturbances are largest
on D5 and lowest on D26, (H) maximum cross-correlation
occurs more towards eastward on D5-D6 while occurs
more towards westward on D26 -D27.

Conclusions

In the present study, we document MSTIDs over
Southern hemisphere during four days, 5-6 and 26-27
December 2011, by using the GNSS network. We
examine the spatial-temporal distributions of Total
Electron Content (TEC) during 12-17 UT and covering the
ionospheric domain 30-20°S latitude and 45-55°W
longitude.

For the TEC data, we derive the ATEC disturbance by
subtracting the TEC from corresponding best fitted
(TECH:) obtained using polynomial fit of order 5.

This fitting is done in time and the temporal variation of
ATEC is derived at several locations within the
ionospheric domain to generate the keogram of TEC.
Furthermore, cross-correlation keograms of these
spatially distributed ATEC are obtained in latitude and
longitude.

These keograms suggest that the ATEC disturbances
acquire the wave characteristics during 13-16 UT that
propagate equatorward/eastward having S-N wavelength
in 500-800 km range and W-E wavelength in 200-400 km
range. These characteristics classify these ATEC
disturbances as MSTIDs resembling the MSTIDs
characteristics widely reported over Northern hemisphere.
These are the novel outcomes of the present study which
were not reported during daytime over Southern
hemisphere.
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