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Abstract

Employing a dual frequency GPS receiver and using the
SAMI2 ionospheric model at the equatorial stations (Sao
Luis(salu) and Arequipa(areq)) and low-latitude stations
(Cachoeira Paulista(chpi) and Porto Alegre(poal)), the
measurement of the ionospheric total electron content
(TEC) have been estimated for March and September
equinoxes months during an extremely low solar activity
of 2009 and an extremely high solar activity of 2001. The
seasonal behavior of the ionosphere have been
investigated for several decades but the differences of the
ionosphere between the March and September equinoxes
are still an open question. The analysis reveals that
during low and high solar activities, the equinoctial
asymmetry in the ionospheic plasma density is a
phenomenon of both the low-latitude and equatorial
region and occurs during both solar activities. The SAMI2
model was used to investigate the observed GPS TEC
behavior and its reveals that, besides the important
effects of the meridional wind and of the electric field
effect (ExB drift), the thermospheric temperature and
O/N2 also plays an important role in the forming of the
observed equinoctial asymmetry particularly around the
magnetic equator in the ionosphere.

Introduction

Over the past decades, the studies of the ionospheric
variation has been geared toward the seasonal and
semiannual variations (Balan et al., 1994; Batista et al.,
2004; Adbu et al., 2007, de Paula et al., 2008) as well as
summer-to-winter and solstice-to-equinox differences
(e.g., Mendillo et al., 2005; Rishbeth et al., 2000) using
the peak electron density (NmF2), critical frequency of F2
layer (foF2) and Total electron content (TEC) data.
However, no clear distinction has be made between the
two equinoctial difference (Jee et al., 2004; Codrescu et
al., 1999). Essex (1977) pointed out that at several station
the TEC value in March-April are usually larger than the
TEC values in September-October equinoxes. Bailey et
al. (2000) reported an equinoctial difference in the topside
Ne and Liu et al. (2010) pointed out that the equinoctial
asymmetry in the ionospheric plasma density during low
solar activity is mainly a low-latitude phenomenon.

The aim of the paper is to report using both simulation
and observational evidence, the equinoctial asymmetry
between March and September of both 2009 and 2001
solar activities and to point out the liable mechanisms
responsible for this differences.

Method

TEC measurement using Nagoya model

The Absolute TEC (ATEC) used in the work was
estimated from the Nagoya model by making use of the
following principal equations (Otsuka et al., 2002).

The slant TEC at a point is mapped to the vertical TEC
(VTEC) at that point and it is given by:

TH(t)=S(' @)V (1)

where &' =g’ (t) is the elevation angle of GPS satellite,
S= (8i ) is the slant factor (mapping function) given by
Ti

—, and 7, = length of ray path between 300 and 550
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km altitude while 7 is equal to the ionospheric thickness

of 250 km for zenith path.
In order to eliminate errors, which increase relative to the
slant factor, the cutoff elevation angle was fixed at 30°.
The absolute TEC can therefore be obtained by equation:
1'(t)=S(e' )V (t) + B'
where B' is the instrumental biases of both the receiver
and the satellite.
The B' was calculated by using the least square fitting
method as shown by the following equation:
2

L |y 1 B' Wkl - li

S(&)

where Wki is the weighting function. Equating the
equation to zero and taking the partial derivative of E with
respect to V, and B', the (V, and B') can be solved to

reduce error of hourly TEC average caused by
assumption of thin shell model, partial uniformity of the

hourly TEC average and setting Wki as inverse of slant
factor.
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TEC estimation using Simulation

SAMI2 (Some another ionospheric model) is a physics-
based model of the ionosphere. It models the plasma and
chemical evolution of seven ion species (H*, He", N*, O",
N2*, NO" and O,") (Huba et al., 2000). in the altitude
range mentioned of 90 - 20,000 km. The neutral
composition and temperature are specified using the
empirical NRLMSISEOO model and the neutral winds
using the HWMO07 model. The dynamics of the SAMI2
model enable us to incorporate many parameters and
consequently to simulate the effect of these parameters
on the TEC.

Results

The equinoctial asymmetry in the daily variation of
TEC

The TEC around equinox during both low and high solar
activity is represented in Figure 1. The figure shows
clearly the asymmetry between TEC values of March and
September and how it varies as a function of local time,
longitude (Areq and Salu) and latitude (Salu, Chpi, and
Poal). Larger TEC values were observed in March for
2001 and 2009. Generally, large difference were
observed during afternoon and evening time at the low-
latitude region compared to equatorial region. The F10.7
during 2009 does not vary much (from 69.2 in Mar to 70.5
in Sep) but there was reasonable variation of F10.7 in
2001 (from 177.7 in Mar to 233.8 in Sep). However, good
correlation was found between TEC and F10.7 during
both period (result not show here) which clarifies that
solar flux could not be the principal reason for the
equinoctial asymmetry during these periods.
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Figure 1: Diurnal TEC variation for March and September Equinoxes for
2001, (left panel) and 2009 (right panel). The red plots represent
September equinox and the blue plots represent March equinox.

To investigate the possible causes for the equinoctial
asymmetry between March and September, We employ
the SAMI2 model with inclusion of the transport due to the
electric field and meridional wind. The model results
(Figure 2) show a good qualitative agreement with the
observation as observed in the TEC during both afternoon
and evening time. This would suggests that the
electrodynamics processes was dominant over the

chemical composition of the ionosphere during March
equinoxes period.
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Figure 2: Diurnal TEC variation using SAMI2 model for March and
September Equinoxes for 2001, (top panel) and 2009 (lower panel). The
red circles represent September equinox and the blue circles represent
March equinox.

The equinoctial asymmetry in the latitudinal variation
of TEC

To observe the latitudinal behavior between March and
September equinoxes, data for 2001 was not used since
the statistic was poor due to lack of many receivers
stations during this period. Therefore only 2009 low solar
activity data were analyzed latitudinally. Figure 3 shows
mean TEC along the magnetic dip latitude of +20° traced
along the magnetic field line within the geographic
longitudinal range of -52° to -60° determined using the
International Geomagnetic Reference Field (IGRF) model
at 1400 hour local time during March equinox (blue line)
and September equinox (red line). A close observation
from the figure shows that latitudinal distribution of TEC
during 2009 presents asymmetry around the low latitude
and about the magnetic equator for both March and
September. The March equinox shows larger TEC values
than September equinox. The inter-hemisphere pattern
also shows slight asymmetry. It can also be observed that
the trough for both months are shifted away from 0°
(magnetic equator) towards the southern hemisphere.
This could be a combined effect of interhemispheric wind
and large separation between the geographic and
geomagnetic equator along 60°W. The wind at this large
separation could be the cause of TEC trough shift from
the magnetic equator.
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Figure 4 - Latitudinal distribution of TEC for March and
September Equinoxes, at 1400LT for 2009.

The investigation of Liu et al. (2010) pointed out that the
equinoctial asymmetry in the ionospheric plasma density
during low solar activity is mainly a low-latitude
phenomenon. Our results for both observation and
simulation show that ionospheric plasma density could
also be observed at the magnetic equator as illustrated by
the Sado Luis station (Figure 1). The mechanism
responsible for this could not be from electric field
because high electric field at the magnetic equator
transport plasma through the fountain effect to low
latitudes. Therefore electric field could not be responsible
for the relative larger TEC observed at the equator.

To investigate the possible causes for the equinoctial
asymmetry in the latitudinal distribution of TEC, we use
the SAMI2 model. The result is shown in Figure 4 (A).
March TEC values exhibiting the effect of wind and
photoionization and electric field illustrates larger
hemispheric asymmetry and larger TEC value than
September. We can also see that the wind effect is more
prominent in September than in March. In order to infer
the role of ambient atmospheric and photoionization
conditions which could also contribute to the TEC
asymmetry, we plot O/N2 ratio and neutral temperature in
Panels (B) and (C) of Figure 4. It is evident from this
results that O/N2 and temperature are larger during
March than during September. The larger O/N2 implies
less recombination which could leads to more TEC as
found during March. Also, the larger temperature implies
more photoionizations that could lead to more production
of ions and electrons in March equinox compared to
September.
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Figure 4 - Latitudinal TEC variation from typical SAMI2 model. Panel
A, represents TEC of photoionization, E x B and Electric field, and

wind, B, represents temperature of the ions and C, is the ratio of
QINI? far hath March (hliie) and Qentemhber (rad)

Conclusions

Using GPS-TEC observational data and the SAMI2
model, we have pointed out the liable factors responsible
for TEC asymmetry between March and September
equinoxes. Our result indicated that besides the electric
field and wind responsible for larger TEC values during
March and interhemispheric differences between March
and September during both 2009 and 2001 solar activities
at equatorial and low latitude region, temperature and
composition of O/N2 ratio are larger in March than
September could be the factor responsible for the
asymmetry at equatorial region during both solar
activities.
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