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ABSTRACT

This paper presents the first results of vertical total electron content
(VTEC) data from (1) a dual-frequency GPS receiver installed at the Chi-
ang Mai University in Chiang Mai (CHGM, 18.480 N, 98.570 E) as part
of SCINDA (Scintillation Network and Decision Aid) and (2) the Inter-
national GNSS Service (IGS) station Pathum Wan (CUSV, 13.735 N,
100.533 E) with magnetic latitude of 8.69 °N and 3.92 °N respectively in
Thailand, from August 2010 to July 2012. In the equatorial ionization
anomaly (EIA) region, these two stations are separated at a distance of
668 km. Observed GPS-TEC values were found to be the highest between
1500 and 1900 Local Time (LT) throughout the study period at both the
stations. The GPS-TEC data from both the stations was plotted diurnal,
monthly and seasonal analyses were performed. The equinox (March,
April, September, and October) and solstice (January, February, June, July,
and December) periods had maximum and minimum diurnal peak vari-
ations, respectively, of the GPS-TEC. High TEC values are attributed to
extreme solar ultra-violet ionization coupled with upward vertical EXB
drift. A comparison of the GPS-TEC data from both the stations for the
study period shows that the CHGM station recorded higher values of TEC
than the CUSV station because of the formation of an ionization crest
over the CHGM station. The GPS-TEC values also exhibited an increas-
ing trend-because of the approach of solar cycle 24. For data validation,
the diurnal, monthly and seasonal variations in the measured TEC were
compared with the TEC modelled in the International Reference Iono-
sphere (IRI) models (IRI-2007 and the recently released IRI-2012 model).
The IRI-2007 shows good agreement with the data from 2010 to 2011
from both stations and IRI-2012 agrees well with the data from 2012 on-
wards compared to IRI-2007.

1. Introduction

Recently, Global Navigation Satellite System
(GNSS) has played a vital role in research involving at-
mospheric sensing worldwide. GNSS has been widely
used to determine the perceptible water vapour (PWYV),
zenith tropospheric delay (ZTD), vertical total electron
content (VTEC) across the various locations of the Earth.
In addition to IGS stations, many independent GNSS

networks have evolved with time, leading to the avail-
ability of large datasets across the globe. One such net-
work, Scintillation Network and Decision Aid (SCINDA)
was established by the Air Force Research laboratory
of USA, as a set-up of ground based stations that mon-
itor trans-ionospheric signals at the VHF and L Band
frequencies. Main purpose of SCINDA is to serve as re-
gional specification and short term forecasts of scintil-
lation occurring onto VHF and L Band frequencies i.e.,
especially on communication and navigation signals.
The SCINDA ground stations are generally positioned
between the equatorial ionization anomaly (EIA) region,
as these locations experience the strongest global lev-
els of scintillation [Carrano and Groves 2006]. The EIA
is characterized by a trough at the geomagnetic equator
and two peaks (crests) on either side of the equator about
15° magnetic latitude [Appleton 1946]. The equatorial
anomaly forms when vertical drift velocities push the
F-region plasma to the higher heights over the equato-
rial region. Pressure gradients and gravity force the up-
lifted plasma downwards and outwards along the
magnetic field lines, leading to highly variable drift ve-
locities [D'ujanga et al. 2012]. EIA’s expansion and vari-
ations in electron density is reflected in the GPS-TEC as
the F-region forms the largest part of TEC [Olwendo et
al. 2012]. Thus, adding to an ample scope of studying EIA
patterns during diurnal, seasonal, annual, solar cycle
dependent period in a wide range of time scales.

The total electron content (TEC) of the ionosphere
is known as the summation of free electrons present in
a unit area column of ionosphere from the ground to
a height well above the ionization crest. This TEC is
typically expressed as a vertical column 1 m? in area.
The parameters which influence TEC are solar extreme
ultra-violet flux, geographic location, local time, season,
and geomagnetic activities. It has been proven experi-
mentally that, TEC is comparatively easy parameter to
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measure. The first results of TEC were obtained during
late 1950s, showed the first temporal and seasonal,
characteristics of the topside ionosphere. The key sci-
entific value of TEC today, lies in its ease of calculation,
given the availability of satellite source. During the
magnetically disturbed periods, TEC can provide con-
tinuous F-region measurements. TEC measurements can
be used as another regular parameter for defining the F2
region at various locations. Any communication sys-
tem which involves propagation of radio waves through
the ionosphere and which requires time delay meas-
urements to an accuracy of the same order as the ion-
osphere time delay errors needs the knowledge of TEC
to do error corrections. The ionosphere causes delay in
the velocity of the information carried on a radio wave
called group path delay. This group path delay gener-
ates timing errors in radar and navigation systems
which traverse through the ionosphere. The group
path delay timing error is directly proportional to the
TEC .The TEC measured along the line of sight of the
satellite signal, called the slant TEC, is converted to the
vertical TEC at the Ionospheric Pierce Point (IPP) i.e.,
the points where the ray paths intersect the shell model
of the ionosphere. The vertical TEC (vITEC) is consid-
ered a more robust parameter to characterize the TEC
over a given receiver position. TEC acts as a good indi-
cator for the geographical distribution of the ionization
of the Earth’s ionosphere. A significant number of re-
search studies has been carried out on the variations of
TEC diurnally, seasonally and annually in low-latitude,
high-latitude and equatorial region [Ezquer et al. 2004,
Mendes da Costa et al. 2004, Chauhan and Singh 2010,
Luhr and Xiong 2010, Xu et al. 2012, Correia et al. 2013,
Spogli et al. 2013, Arunpold et al. 2014]. Many re-
searchers have compared the results of GPS-TEC data
obtained from diverse resources at several locations
with various models, such as the IRI models [Bilitza et
al. 1998, Jakowski et al. 1998, Huang and Reinisch 2001,
Jodogne et al. 2004, Mosert et al. 2004, Olwendo et al.
2012, Chowdhary et al. 2015].

2. Materials and methods

2.1. GPS TEC data

This work covers the period from August 2010 to
July 2012, two years of increasing solar activity. The
data used have been recorded by a NoVatel GPS re-
ceiver (model GSV 4004B) installed by the SCINDA
project in Chiang Mai University, (CHGM, 18.480 N,
98.570 E), Thailand. Due to the dispersive medium of
the ionosphere, the trans-ionospheric radio waves ex-
perience group delays and phase advances which are
proportional to the TEC. TEC is defined as a measure

of the total number of electrons in a cylinder with a
cross section of 1 m? centered on the line of sight from
the transmitter on a satellite to a terrestrial receiver
[Bhuyan and Borah 2007]. TEC arising from the group
delay form pseudorange measurement can be ex-
pressed as [Opperman et al. 2007].

-1
TECyoup= ﬁ(%z—%z) (Pi=P) (1)
1 2

where f? and f;? are L1 and L2 carrier frequencies, and
P, and P, are pseudo-range observable, respectively.
TEC from carrier phase measurement is given by

TECppase = (C1- C2) 2.852 @)

where C1 and C2 are phase measurements in nano sec-
onds.

Group delay measurements of TEC computations
are absolute and noisy. The relative phase delay be-
tween the two carrier frequencies gives a more precise
measure of relative TEC, but is ambiguous because the
actual number of cycles of phase is unknown. These
two estimates can be combined to form an improved
estimate of the absolute TEC [Opperman et al. 2007].
The resultant absolute TEC is the so-called GPS-de-
rived slant TEC (sTEC) along the signal path between
satellite and receiver. The slant TEC calculated along
the oblique signal paths are mapped to vertical TEC
(VTEC) values by means of the Single Layer Model as
shown in the equation:

VTEC = [sTEC — (Bg — Bg)]/M(§,h)  (3)

where By, is the receiver bias, B is the satellite bias and
M(€,h)is the single layer mapping function of the ion-
osphere defined as

M(E, h) = sec {arcsin [%]} (4)
where R is the Earth radius in km and € is the elevation
angle in radians. Here h is the ionospheric height which
is assumed at 350 km [Dashora and Pandey 2005]. For this
current research, the data post processing of the relative
TEC as illustrated from Equations (1-4) was performed
using the GPS TEC analysis application software de-
veloped by Seemala and Valladares [2008] of the Insti-
tute of Scientific Research for Boston College, USA.

2.2. International Reference Ionosphere (IRI) model

To establish an international standard for the spec-
ification of ionospheric parameters based on all world-
wide available data from both satellite and ground
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station observations, the International Reference lon-
osphere (IRI) project was initiated by the Committee
on Space Research (COSPAR) and by the International
Union of Radio Science (URSI) in the late 1960s. Its
main goal was to build an empirical model to avoid the
uncertainties developing in the theoretical understand-
ing of ionospheric processes and coupling to the
regimes below and above. The International Reference
Ionosphere model, is an internationally accepted stan-
dard model for the measurement of ionospheric pa-
rameters (e.g., electron density, total electron content,
electron and ion temperature, ion composition), which
can be derived as a function of geographic location,
time (LT or UT), height and sunspot number for mag-
netically quiet days. The IRI model has advanced over
time and many significant enhancements have been
made through the addition of data available from all
the ground stations across the world as well as from
satellite observations [Bilitza 2003].

Earlier, model inputs have been mostly from mid-
latitudes and the model estimates have explained the
ionospheric factors from these regions very well. On
the other hand, for equatorial and low mid-latitude re-
gions, many researchers have stated non-compatibility
of the earlier model versions. This is due to under or
over estimation of TEC for these areas [Bhuyan and
Borah 2007, Mosert et al. 2007, Scida et al. 2009]. The
IRI-2007 version, for the first time included a model for
the occurrence probability of spread F, a characteristic
observation which occurs near the magnetic equator
during night time [Bilitza and Reinisch 2008]. The IRI-
2007 model has been verified in various equatorial and
low latitude regions and a good concurrence, in certain
parameters, has been recorded between modelled TEC
and that acquired from both satellite measurements
and ground based GPS receivers [Sethi et al. 2011, Ade-
wale et al. 2012, Olwendo et al. 2012, Arunpold et al.
2014]. And recently IRI model was upgraded to IRI-
2012 version. This has come up with additional number
of indices used by the model namely, 3-hour A _-Index,
daily Ap—Index, 3-h Kp-Index and F107_81D which is av-
erage of 81 days centered running mean Solar Radio
Flux at 10.7 cm (2800 MHz). More information on the
IRI project, including information on the IRI Newslet-
ter and the IRI electronic mailer, can be found on the
IRT homepage at http:/ /IRI.gsfc.nasa.gov/.

2.3. International GNSS Service (IGS) TEC data

International GNSS Service (IGS) monitors and
maintains the IGS TEC data. The IGS consists of an in-
ternational network of over 380 constantly operating
dual frequency GPS stations. The Central Bureau for
the service is situated at the Jet Propulsion Laboratory,

which maintains the Central Bureau Information Sys-
tem (CBIS) and ensures admittance to IGS products and
information. An international governing board over-
sees all aspects of IGS. The International Association
of Geodesy approved the IGS service and acknowl-
edged as a member of the Federation of Astronomical
and Geophysical Data Analysis Services (FAGS) since
1994 and 1996 respectively. The IGS collects stores and
dispenses the GPS observables data. It also provides the
global TEC map data available on the internet, and
these data can be accessed from the File Transfer Pro-
tocol (FTP) site: ftp:/ /igscb.jpl.nasa.gov/.

In this research work, we utilized the daily data of
IGS station available in Thailand. The code of IGS station
located in Thailand is named as CUSV and its data can
be accessed from the File Transfer Protocol (FTP) site:
ftp:/ /cddis.gsfc.nasa.gov/pub/gps/data/daily. RINEX
format files for the year 2010 to 2012 were downloaded
from this site, and then they were post-processed by
using GPS-TEC analysis application software as de-
scribed in Section 2.1.

3. Results and discussions

3.1. Mean variation of the GPS TEC, TEC from the IRI-
2007 and IRI-2012 models during sunrise, midday, post sun-
set and midnight

Figure 1a,b shows the comparison between the di-
urnal mean values of GPS TEC, IRI-2007 and IRI-2012
(in TEC units of 10'®/m?=1TECU) at Chiang Mai
(CHGM) and CUSV stations from August 2010 to De-
cember 2010, a period of increasing solar activity. Each
curve shows the variation of TEC versus the hours rep-
resenting different times of the day, including 0000 UT
(+7 hours LT, sunrise), 0600 UT (midday), 1200 UT
(post sunset) and 1800 U'T (midnight) respectively. The
black solid line denotes GPS TEC from the observation
of the station, dotted red line is the IRI-2007 and dotted
blue line is the IRI-2012 predictions respectively.

From Figure 1a it is inferred that both IRI models
have shown good agreement with the GPS TEC data
during 0000 UT. While for 0600 UT, models have over-
estimated TEC values than actual. For 1200 UT, IRI-2007
values were observed more than IRI-2012 and were in
good agreement with GPS TEC data. But during 1800
UTi.e., 0100 LT both the models underestimated TEC
values. From Figure 1b it can be observed that similar
trend has been followed by both model for CUSV sta-
tion as well except 0000 UT where underestimation is
more prevalent than in the former case of CHGM.
Thus from July-December 2010 data confirms that both
the models have shown underestimation and overesti-
mation during 0100 LT and 1300 LT for maximum
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Figure 1. Mean variation of the GPS TEC, TEC from the IRI-2007 model and TEC from the IRI-2012 model, from August 2010 to Decem-
ber 2010 at CHGM and CUSYV respectively during sunrise, midday, post sunset and midnight.
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number of days in the year for both stations. Also, max-
imum TEC values were recorded during 1300 LT from
both GPS stations. A peak is quite evident during the
284th day for CHGM station which was due to geo-
magnetic storm on October 11, 2010, which was not
predicted by both the models. This peak due to storm
is not observed at CUSV station. Enhancements in TEC
during night time were not predicted by the models
which were predominant over CUSV than at CHGM
station. Average highest diurnal TEC value observed
from GPS-TEC was 51 and 40 TECU during noon time
and lowest being 4 TECU during early morning hours
for CHGM and CUSV respectively.

Figure 2a,b gives the comparison of GPS derived
TEC with models derived values for the year 2011 for
CHGM and CUSV respectively. It can be inferred that
due to increase of solar activity and approaching of
solar cycle 24, the TEC values showed an increase.
During sunrise both the models have shown good cor-
relation with TEC data with CHGM station. In CUSV
station, TEC values were observed more than predicted
during equinox period during 0000 UT. But during
noon time, both IRI-TEC values show underestima-
tion and overestimation during equinox and solstice
seasons, respectively for both stations. And for post sun-
set IRI-2012 has shown little underestimation whereas
IRI-2007 has deviated much more than observed TEC.
During midnight IRI-2012 model has shown good
agreement with observed values than IRI-2007 model.
Thus, it can be clearly seen that for 2011 data, both
models have overestimated and underestimated dur-
ing solstice and equinox respectively. The equinoctial
months (March and April) have got particularly high
TEC values greater than 60 TECU, whereas the sol-
stice months (June and July) have maximum values
that are lower than 40 TECU for CHGM and CUSV re-
spectively. Later part of year 2011 experienced higher
TEC during September equinox at both stations. In
2011, severe events were occurred during September
and October which influenced the TEC values of
CHGM and CUSV but were unpredicted by IRI mod-
els. A wave like trend can be observed from the plots,
which gives a clear understanding of TEC characteris-
tics. During 50-100 days TEC values increases and
reach to a peak and then slowly decreases during 150-
200 days. This trend is due to the effect of seasonal
variations on the Earth.

Figure 3a,b shows the data for the year 2012 for
CHGM and CUSV respectively. From the plot it is
clearly stated that TEC values observed from CHGM
station has exhibited more compared to previous years
and the average value during noontime has peaked
from 51 TECU in 2010 to 80 TECU in 2012 respectively.

Same applied to CUSV as well, from 45 TECU in 2010
to 70 TECU in 2012 respectively. From Figure 3a,b it is
observed that IRI-2007 model has totally failed to pre-
dict the right values for the TEC by predicting severe
overestimation, whereas on the other hand IRI-2012 has
been observed to be in good agreement with TEC data.
Due to expected peak of solar cycle, the overall observed
values of TEC have been increased and have become
intense. Number of sunspots also increased, compared
to previous year which also resulted in increase in num-
ber of severe events. TEC depletions and enhancements
were observed during severe events dates. March 2012
was the most intense month of the whole study. Bhat-
tacharya et al. [2009] studied the diurnal variation of
the ionospheric time delay at Bhopal (lat 23°12°N; lon
77°36’E), an equatorial anomaly region, and reported
that the diurnal variation was maximum during the
equinoctial months. This is in agreement with our
study since ionospheric time delay is directly propor-
tional to TEC along the path of propagation.

3.2. Seasonal comparison of GPS TEC, TEC from IRI
2007 model and TEC from IRI 2012 model

Chiang Mai station (CHGM):

In this section we have presented the seasonal
variations of TEC from July 2010 to August 2012 ob-
served at the Chiang Mai station (CHGM) and Pathum
Wan (CUSV) and compared those values with IRI-
models. Figures 4 and 5 show the seasonal mean TEC
comparison of GPS TEC with IRI-2007 and IRI-2012
models for CHGM station. Each year has been classi-
fied into four seasons, including the March equinox
(February, March, April), June solstice (May, June, July),
September equinox (August, September, October), and
December solstice (November, December, January) re-
spectively.

As per our chosen study period, for the year 2010,
we have two seasons namely September equinox 2010
and December solstice 2010. As seen from the figure
IRI-2007 underestimates the TEC during 0400 UT to
0800 UT for September equinox (SE) 2010. And IRI-
2012 has followed almost same trend with IRI-2007 but
with a little less underestimation.

The overestimation of IRI-TEC is being more ev-
ident at daytime than at night time. During December
solstice (DS) 2010, an overestimation by both models
during 0800 UT - 1400 UT was clearly evident.

From Figure 5 it is clearly visible that both models
have underestimated TEC during post sunset time of
March equinox (ME) 2011. For June solstice (JS) 2011,
both models have exhibited overestimation during 10
U'T- 22UT i.e., from sunset to sunrise. Thus from the
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Figure 2. Mean variation of the GPS TEC, TEC from the IRI-2007 model and TEC from the IRI-2012 model, for the year 2011at CHGM
and CUSV respectively sunrise, midday, post sunset and midnight.
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Figure 3. Mean variation of the GPS TEC, TEC from the IRI-2007 model and TEC from the IRI-2012 model, from January 2012 to August
2012 at CHGM and CUSYV respectively sunrise, midday, post sunset and midnight.
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Figure 5. Seasonal mean values of GPS TEC, IRI-2007 TEC and IRI-2012 TEC at CHGM station for the period August 2011 - July 2012.
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seasonal plots it can be inferred that models fails to pre-
dict the noontime values and undergoes an overesti-
mation. Data has shown more correlation with
equinoctial months (ME and SE) than solstice months
(DS and JS) during 0800 UT- 1300 UT.

Figure 5 shows that in SE 2011, IRI-2012 has shown
good correlation with observed TEC data except an un-
derestimation during 0400 U'T to 0900 U'T. For DS 2011,
IRI-2007 has totally failed to predict the actual TEC val-
ues. Likewise SE 2011, IRI-2012 has shown good agree-
ment with DS 2011. In ME 2012, IRI-2012 has shown
little overestimation during 1500 UT to 2100 U'T. Over-
all peak prediction of IRI-2012 has shown in agreement
with GPS-TEC data. In JS 2012, IRI-2012 has overesti-
mated the peak and has shown another smaller peak
during 1900 UT. Thus, from all seasonal variations from
2010 - 2012, it can be inferred that TEC was more dur-
ing equinox period than during solstice period, which is
agreement with ealier studies. The long-term study of
the seasonal maximum daytime VTEC at CHGM
shows annual variation relative to upcoming solar cycle
24 and year 2012 being its peak.

IGS station (CUSV):

For the year 2010, we have two seasons namely
September equinox 2010 and December solstice 2010.
As seen from the figure IRI-2007 underestimates the
TEC during 0400 UT to 0900 UT for September equi-
nox (SE) 2010. IRI-2012 has followed almost same trend
with IRI-2007 but with little less underestimation. The
underestimation has being more evident at daytime
than night time. During December solstice (DS) 2010,
an overestimation by both models during 0800 UT to
1400 UT was clearly evident. Both models are higher
by 8TECU during sunset time and lower by 2TECU
during sunrise.

Figure 7 shows the mean values from all seasons
for the year 2011. From the top panel of Figure 7 it is

clearly visible that both models have underestimated
TEC during noon time of March equinox (ME) 2011
and almost coinciding during night time. For June sol-
stice (JS) 2011, both models have exhibited overestima-
tion during 10 UT - 22 UT i.e., from sunset to sunrise.
September equinox (SE) 2011 can be observed as com-
bination of both over and underestimations during post
sunset to sunrise and noontime respectively. Thus from
2011 seasonal plots it can be inferred that models failed
to predict the noontime values and undergoes an un-
derestimation. Night time overestimation is mainly vis-
ible during JE 2011 and SE 2011.

Figure 8 shows seasonal mean values for the year
2012. Of all the data plots, year 2012 has shown intense
variations in TEC. In ME 2012, IRI-2007 has totally
failed predict the TEC values and IRI-2012 has under-
estimated during noon time and overestimated during
nighttime. During ME 2012, peak observed by GPS
TEC was ~60 TECU whereas IRI-2012 observed ~52
TECU as its peak. Two peaks were visible in IRI-2007
model which were not present in actual. For JS 2012,
observed IGS GPS TEC and IRI-2012 were correlated
well with a slight overestimation during nighttime. Ob-
served peak was reduced to ~45 TECU.

Thus, from all seasonal variations, it can be in-
ferred that TEC was more during equinox period than
during solstice period, which is agreement with ealier
studies.The large difference between the GPS-TEC and
IRI TEC during noontime indicates that the ionosphere
at low-latitude or the equatorial area is expanded to
cover a larger thickness than at other times. At the
equatorial latitude, the steepest gradients, sharp peaks
and deep valleys, and density crests are on both sides
of the equator, as explained by Bilitza and Reinisch et
al. [2008]. The occurrence of a prominent trough ac-
companied by maximum TEC values in the pre-noon
and the afternoon at equatorial latitudes is referred to
as a noon bite-out, which is a characteristic feature at an

Seasonal mean values of GPS TEC at station: CUSV of September equinox,2010
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Figure 6. Seasonal mean values of GPS TEC, IRI-2007 TEC and IRI-2012 TEC at CUSV station during the period 2010.
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Seasonal mean values of GPS TEC at station: CUSV of March equinox,2011
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Figure 7. Seasonal mean values of GPS TEC, IRI-2007 TEC and IRI-2012 TEC at CUSV station during the period 2011.
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Figure 8. Seasonal mean values of GPS TEC, IRI-2007 TEC and IRI-2012 TEC at CUSV station during the period 2012.

equatorial station that falls in the trough of the equa-
torial anomaly [Maeda 1955, Rastogi 1959]. The noon
bite-out phenomenon is the result of interaction and
the relative role played by the production, loss, and
movements terms in the continuity equation of the
electron density at the peak of the layer. TEC move-
ment includes the effects of vertical drift, horizontal dif-
fusion of ionization along the field lines, and neutral
winds. Martyn [1955] and Rao [1966] showed that the

10

pre-noon peak in the diurnal variation at equatorial lat-
itudes is influenced by horizontal winds in addition to
production and loss processes, while the afternoon
peak is determined by vertical drifts and diffusion. The
semiannual anomaly of the diurnal VTEC observed at
CUSV station with maximum values at the equinoxes is
similar to the observations from equatorial, low and
high latitudes [Dashora and Pandey 2005, Kumar et al.
2012, Olwedo et al. 2012, Spogli et al. 2013].
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3.3. Monthly variations in GPS-TEC for both the sta-
tions

In this section we have compared the GPS-TEC
variations for the both stations for the period July 2010
to August 2012. Figure 9 shows the comparison be-
tween the measured mean GPS-TEC from both sta-
tions for the period 2010. The observations of monthly
variations of TEC from both stations are based on 6
months of GPS-TEC data for the year 2010. The monthly
mean values deduced from the daily values and the ob-
served GPS-TEC has been compared and analysed for
both stations. The monthly mean GPS-TEC for all the
months in 2010 are given in TEC units (TECU) on the
vertical axis, and the horizontal axis represents time in
UT (local time, LT = UT + 7h). It can be observed from
the plots of Figure 9, that GPS-TEC values observed at
CHGM are comparatively higher than the GPS-TEC
values observed at CUSV. It can be inferred that trends
of both station’s GPS-TEC were almost similar. High-
est differences in TEC values can be observed during
the month of October 2010. This can be due to EIA ef-
fect observed in the equatorial latitude stations. Peak
TEC values observed are up to ~40 TEC during the
months of the year 2010 for CUSV station.

In the year 2011, the GPS-TEC values have shown
an increasing trend. For January observed peak GPS-
TEC values were ~30 TECU from both stations,
whereas for October this peak has raised to ~60 TECU
and ~80 TECU for CUSV and CHGM stations respec-

January 2010

Feburary 2010

tively. Due to expected solar maximum an increase in
the solar activities were quite evident and the sunspot
number has rise from 19 in January to about 97 in No-
vember 2011. This has resulted in increase in TEC val-
ues throughout the year. Comparing maximum total
electron content values obtained at both stations for all
months of 2011 shows that CHGM station recorded
higher TEC values than CUSV station.

In the year 2012, the GPS-TEC values have shown
increasing trend due to upcoming solar cycle 24. It can
be observed that months of equinox were having higher
values of TEC than compared with solstice months.
Highest differences in TEC values were exhibited dur-
ing March, April and August months for both stations.
Number of severe events has also influenced the sud-
den increment in TEC values during March 2012 at
both stations. From all the year data, it can be inferred
that during equinox period variations between stations
were much higher than during solstice period. The ob-
served higher TEC values at CHGM can be due to for-
mation of ionization crest exactly above the CHGM
station. Due to CHGM station is placed at higher lati-
tude than CUSV it is affected by the fountain effect.
And it has been observed that CHGM’s TEC values
ranges from ~5 TECU to 15 TECU during solstice to
equinox accordingly, when compared with CUSV’s
TEC values. It can be inferred that of both stations data
that the case of TEC varies as one move away from the
equatorial region.
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Figure 9. Comparison of monthly variations of mean GPS TEC values at CHGM and CUSV stations during the period 2010.
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Figure 10. Comparison of monthly variations of mean GPS TEC values at CHGM and CUSV stations during the period 2011.
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Figure 11. Comparison of monthly variations of mean GPS TEC values at CHGM and CUSV stations during the period 2012.

4. Conclusion When compared with the IRI-2007, we find that the
In this work, the GPS TEC derived from the TEC GPS-TEC measurements from the both stations are
data at Chiang Mai and IGS equatorial stations, in Thai- quite similar, and both are in good agreement than the

land were compared with the IRI-2007 TEC and IRI- ~ TEC predicted for the year 2010. Although an overesti-
2012 TEC from August 2010 to July 2012. The maximum mation and underestimation was quite evident during
differences with IRI models are about 15 TECU during ~ local noon time and early morning hours for both sta-
the daytime and about 5 TECU during the night time. tions respectively. For the year 2011, an underestimation
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and overestimation during equinox and solstice period
respectively was quite eveident. And for the year 2012,
IRI-2007 model totally failed to predict the TEC values.
The differences ranging from 5 to 15 TECU were ob-
served to be found between IRI-modeled values and that
of GPS-TEC. With IRI-2012, the overestimation is more
apparent at noontime than night time, particularly dur-
ing the noon bite-outs. This difference during daytime
indicates that it is due to the difference of slab thickness
in the ionosphere between the IRI model and the meas-
ured data. Also, it has to be noted that GPS calculated
TEC includes plasmapheric TEC as well whereas IRI
calculated TEC is upto 2000 km height only.

For the year 2012, the IRI-2012 model has shown a
higher positive correlation for 2012 than for previous
years. Thus it can be inferred that performance of the
model depends on the year of the data chosen for the
data validation. It is recommended to use IRI-2012
model for the data from the year 2012 onwards than
IRI-2007. Normally, it is observed that IRI-2007 has
good agreement with the 2010 to 2011 year’s data from
both stations and IRI-2012 has shown good correlation
with data from 2012 onwards than IRI-2007 for data val-
idation of TEC. Two shortfalls were however noted
about the predictability of the IRI-2012 for the meas-
ured values of the diurnal variation of TEC at these
equatorial stations: The model overestimates the night
time TEC for the year 2012 and overestimates TEC dur-
ing solstice period for the year 2011; and IRI-2012
model generally remains smooth and underestimates
TEC during a storm period. This gives the importance
of in-situ station monitoring of equatorial ionospheric
anomaly to capture local anomalies.

The results have shown that the highest ionos-
pheric TEC occurred from 1500 LT to 1900 LT through-
out the study period, with the highest values being
exhibited by the equinoctial months, while the lowest
values by the solstice months. In addition, the months
of March, May, August, September and October, which
had moderate storm days, show higher TEC values
than the months of June and July which exhibited quiet
conditions during 2011. And TEC was higher during
2012 due to expected solar cycle 24 peak. The observed
high GPS-TEC values have been attributed to the solar
EUV ionization coupled with the upward vertical ExB
drift [Bolaji et al. 2012].

Due to formation of ionization crest over the
CHGM station, it has experienced higher values of TEC
than CUSV station for the study period. CHGM station
being at higher latitude than CUSYV, it is pronounced to
get more experience of fountain effect. And it can be
been observed from the data that CHGM'’s TEC values
ranges from ~5 TECU to 15 TECU during solstice to
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equinox accordingly, when compared with CUSV’s TEC
values. That means variation in equinox is much more
prominent than that during solstice months.
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