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Abstract. The ionosphere’s dynamic fluctuations are a persistent challenge to satellite navigation and

communication. The total electron content (TEC) information from global navigation satellite system

(GNSS) signals provides the status of the ionosphere for fail-safe transionospheric communication. The

equatorial ionization anomaly (EIA) and equatorial plasma bubble (EPB) dominate in low latitude and

equatorial ionosphere. The low solar activity’s fast varying pre-reversal enhancement is low, and slow

varying gravity waves can seed ionospheric disturbances. This study analyses the vertical TEC (VTEC)

variations using a ground-based global positioning system (GPS) receiver at Thanjavur (10.72� N, 79.02� E),

Tamil Nadu, India, for the years 2019 and 2020, with specific emphasis on the Equinox and Solstice

conditions during low solar activity. The suitability of global ionospheric models such as IRI-Plas and

NeQuick2 models is investigated with low solar activity GPS VTEC observations. VTEC variations are more

during the Vernal Equinox compared to other seasons. The NeQuick2 model underestimates the VTEC

content during the night hours and overestimates the day’s evening hours regardless of the month, perhaps

due to higher ITU-R coefficients. The results help us improve IRI-Plas and NeQuick prediction models’

accuracy.
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1. Introduction

Global navigation satellite system (GNSS) provides

an effective tool for monitoring the ionosphere by

measuring either ground or space-based total electron

content (TEC) with code and carrier phase measure-

ments of L band signals. The low latitude ionosphere

phenomena cause highly intense irregularities and

scintillations due to equatorial ionization anomaly,

equatorial spread F, traveling and ionospheric distur-

bances, and geomagnetic and solar flare conditions.

The GNSS signals undergo these ionospheric irregu-

larities and suffer the degradation of positional accu-

racy. GNSS receiver can measure the ionospheric

parameter known as TEC using dual frequency L1 and

L2 signals. Empirical models are effectively utilized

in describing the real-time condition of the iono-

sphere. The international reference ionosphere (IRI)

(Bilitza 2001; Bilitza & Reinisch 2008; Bilitza et al.
2014, 2017), the IRI-Plas (Gulyaeva et al. 2011, 2018;

Gulyaeva & Bilitza 2012; Maltseva et al. 2013;

Zakharenkova et al. 2015; Sezen et al. 2018; Gor-

diyenko et al. 2018, 2019) and NeQuick (Hochegger

et al. 2000; Radicella & Leitinger 2001; Coı̈sson et al.
2006) are widely used global empirical models to

estimate ionospheric TEC values. The performance

analysis of the global ionospheric models concerning

real-time GNSS TEC data, much attention is carried to
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improving the global ionospheric model prediction

accuracy. Olwendo et al. (2013), compared GPS TEC

variability with IRI-2007 TEC prediction equatorial

latitudes over the Kenyan geographical area during a

low solar activity phase and found that IRI overesti-

mated the TEC forecasting because the model over-

estimated the anomalous equatorial influence on levels

of ionospheric ionization over low latitude regions.

Both the models, in general, either overestimate or

underestimate the VTEC in low latitudes, as reported

by Nigussie et al. (2012) and De Abreu et al. (2017).

Akala et al. (2015) and Karia et al. (2015) have used

the IRI-Plas model over the low equatorial latitude of

African and Indian regions and found maximum TEC

during the December solstice and minimum in the

June solstice. Ogwala et al. (2021) investigated the

TEC variation in the African longitude sector at

equatorial, low, middle and high latitudes and com-

pared the TEC to the IRI-2016 and IRI-Plas models. It

is noticed that the IRI-Plas have inconsistencies that

could be attributed to topside modeling and plasmas-

pheric contributions. Ezquer et al. (2017) studied the

performance of NeQuick2 and IRI-Plas for low-lati-

tude and South American sectors. They observed

variations between the GPS-estimated VTEC and

model-predicted VTEC, which was time and location-

dependent. In low latitude region, noontime ‘bite-

outs’ or ‘double peak’ structures in TEC phenomenon

occurs due to the effect of upward E 9 B drift that

produces the equatorial ionization anomaly (Rastogi

1966; Baxter & Kendall 1968; Abur-Robb 1969;

Rajaram 1977; Adebesin et al. 2018). The low latitude

ionospheric features prediction by the global iono-

spheric models for GNSS stations from EIA regions of

different latitudes at the northern EIA crest and tran-

sition of the crest regions were carried out.

For the Indian subcontinent, most of the related works

were done during disturbed geomagnetic conditions and

high solar activity (Manju et al. 2009a,b; Rama Rao et al.
2009; Venkata Ratnam et al. 2011, 2017; Kumar et al.
2012; Sivavaraprasad & Venkata Ratnam 2017). Bhuyan

& Borah (2007) studied TEC’s diurnal, seasonal and

annual variation using a GPS network spread across the

Indian subcontinent. Using dual frequency GPS mea-

surements, Bhattacharya et al. (2008) found that most of

the maximum ionospheric time delay variations are

observed during quiet days at low latitude Station Bho-

pal, India. Sumanjit Chakraborty et al. (2020) have made

a comparative study of IRI, IRI-Plas and NeQuick

models with ground-based TEC observations of over

EIA crest and EIA crest beyond locations such as Luc-

know, Hyderabad and Bengaluru, India, for geomagnetic

storm conditions during September 2017–November

2018, falling in the declining phase of solar cycle 24. It is

suggested that the IRI-Plas model with NAVIC TEC data

inclusions could achieve improved ionospheric predic-

tion accuracy over the low latitude Indian longitude

sector. The IRI-2012 model overestimated the TEC

values compared to GPS TEC values for the low latitude

crest station at Varanasi for 2012–13 years of data

(Rathore et al. 2015).

Earlier works have been reported typically on the

diurnal, seasonal, and annual ionospheric variability for

solar maximum. Ascending and descending phases, and

geomagnetic and solar flare conditions are investigated

using global ionospheric model performance in iono-

spheric EIA crest TEC locations. Shreedevi et al. (2018)

found that the variation of the TEC over an equatorial

dip station at Trivandrum exhibits semiannual anomaly

and equinoctial asymmetry. The diurnal/seasonal/an-

nual variations in the TEC at this station are attributed to

the processes induced by electrodynamics. The

improvement of global ionospheric models for the

equatorial and low latitude regions is needed to inves-

tigate thoroughly, mainly near the locations of equato-

rial dip stations and low solar activity conditions. This

study deals with the TEC data estimated using GPS

observations at Thanjavur (10.72� N, 79.02� E, Geo-

graphic), Tamil Nadu, India, during low solar activity

years 2019 and 2020. In this paper, northern equatorial

GPS TEC station data at Thanjavur GPS station is

considered for investigating the ionospheric TEC fea-

tures during the geomagnetically quiet condition of the

low solar activity period for different seasons such as

vernal equinox, autumnal equinox, and summer and

winter solstice days. The performance of the empirical

ionospheric models for this location, NeQuick2 and

IRI-Plas models, are compared and would help improve

the global ionospheric model’s prediction accuracy.

2. Data and methods

2.1 GPS receiver data

To investigate the variation of the ionospheric VTEC

during the quiet geomagnetic condition and to check

the empirical model’s performances, the Thanjavur

GPS station (Geographic 10.72� N, 79.02�, Geo-

magnetic 2.91� N, 152.22� E), Tamil Nadu, was used

which location comes under the equatorial anomaly

region’s (EAR) in the northern hemisphere. The

Novatel GSV4004 GPS receiver can simultaneously
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track up to 11 GNSS satellites at L1 (1575.42 MHz)

and L2 (1227.60 MHz) frequencies to record the data

throughout the study period. Figure 1 represents the

availability (except for April and May 2020 during

the pandemic) of the data received for 2019 and

2020.

The GPS receiver estimates the integrated value of

the number of electrons present within the cylinder

between the satellite and the ground receiver, known

as slant total electron content (STEC). The unit of this

measurement is called TECU (1 TECU ¼ 1016 elec-

trons m-2). STEC are calculated with the Pseudo

ranges from combined L1 and L2 frequencies and

carrier wave phases. The GPS satellite DCBs are

acquired from http://ftp.aiub.unibe.ch/CODE/. The

receiver biases are estimated using the fitted receiver

bias method (Kenpankho et al. 2011).

By using Equation (1) (Manju et al. 2009a,b), this

STEC is converted to VTEC using the relation:

VTEX ¼ cos v� STEC; ð1Þ

where v is the angle of incidence at 350 km height

from the GPS satellite to the receiver station and cos v
is the sloping factor.

The GPS data is saved in RINEX format and then

transformed to VTEC using a mapping algorithm

(Manju et al. 2009a,b). For converting STEC to VTEC,

45� elevation angle measurements are used to avoid

the multipath effect caused by all anthropological

structures.

Differential code bias (DCB) is the delay bias

between pseudo-range codes. It is one of the primary

sources of inaccuracy in estimating the ionosphere’s

TEC. Satellite differential code biases (SDCBs) and

receiver differential code biases (RDCBs) between

dual-frequency band transmissions in both the satellite

and the receiver are delay biases—the combined

satellite and receiver DCBs cause the measurement

error in TEC. SDCBs and RDCBs should be precisely

eliminated from GNSS measurements (Siva Krishna

& Venkata Ratnam 2020).

DCB estimations are important for enhancing the

GNSS user applications, so calibration of GNSS TEC

is important for space weather applications. CODE,

JPL, ESA and UPC asses and analyse DCB values.

DCBs for GPS satellites can be found in several pla-

ces, including CODE GIM (Jin et al. 2012; Mon-

tenbruck et al. 2014). The GPS satellite biases are

considered from the CODE website, and the receiver

biases are estimated using the fitted received bias

method (Ma & Maruyama 2003).

From GPS TEC observations, DCBs for GPS

satellites and receivers were determined for GNSS

receivers placed in a low-latitude station in Thanjavur,

India. The GPS TEC values are calibrated, and the

DCB data are collected regularly from http://ftp.aiub.

unibe.ch/CODE/.

Figure 2 illustrates the Kp index for 2019–2020; the

index is a global geomagnetic index derived from

ground-based magnetometers worldwide with a 3 h

data sampling rate. The Kp index ranges in a linear

scale from 0 (quiet) to 9 (disturbed) geomagnetic

storm conditions (Bartels et al. 1939). The interna-

tional quiet and disturbed days are classified based on

the kp index (Richardson & Cane 2013; Uwamahoro

& Habarulema 2014).

World Data Center for Geomagnetism, Kyoto,

operated by the Data Analysis Center for Geomag-

netism and Space Magnetism of Kyoto University,

Japan, classifies the international Quietest 10 days

(q0–q9 days) and most disturbed five days (d-days) for

each month (http://wdc.kugi.kyoto-u.ac.jp/qddays).

Every month’s hourly quiet day VTEC values are

further averaged to arrive at the monthly variation for

corresponding q-days and d-days. Then, the IRI-Plas

and NeQuick2 model estimated monthly averages

(VTEC) are compared.

The GPS dataset is a time series with a one-minute

resolution. Every hour, VTEC data is the average of

60 min. This generates a time series with a one-hour

resolution. This process is done for all the ten quiet

days of the month. The monthly quiet day average is

arrived using the hourly averages of all the ten quiet

days. Figure 2 shows the variation of the planetary

Kp index (https://omniweb.gsfc.nasa.gov/cgi/nx1.cgi)

derived from the horizontal component of the Earth’s

magnetic field.

The radio flux of the sun at 10.7 cm (2800 MHz) is

a good indication of solar influx, which is responsible

for the ionization process in the ionospheric altitudes.

Figure 1. Available data set for 2019 and 2020.
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The solar flux unit (sfu ¼ 10-22 W m-2 Hz-1) is a

handy metric for the spectral flux density of F10.7

solar activity. Figure 2 represents the F10.7 variation

during 2019–2020 (source: https://www.swpc.noaa.gov/

phenomena/f107-cm-radio-emissions). The F10.7 values

help understand and reason out the sudden variations of

TEC during quiet conditions.

To ensure the quiet conditions for the analysis, the

diurnal variation of the GPS measurement derived

VTEC during the quiet international days of 2019 and

2020 was considered. The monthly average of these

quiet days TEC was chosen to compare the model

performance. The standard deviation (SD) was cal-

culated between the individual quiet day values and

the monthly quiet day’s average. In most cases, the SD

was way below 2 TECU, a good representation of

2sigma compliance. This test ensures that 95% of the

ionospheric variability on a quiet day is close to the

monthly quiet day average. Hence, the quiet day

monthly average is considered a climatic variation of

the VTEC for the respective month and used to vali-

date the climate models with NeQuick2 and IRI-Plas.

2.2 Global ionospheric model

2.2.1 IRI-Plas International reference ionosphere

(IRI) (Bilitza 2001; Bilitza & Reinisch 2008; Bilitza

et al. 2014, 2017) is a widely used empirical model

that estimates electron density, electron temperature

and ion composition using empirical coefficients

(Cherniak & Zakharenkova 2016). This model was

extended to include the plasmaspheric height. The

latest IRI-Plas version can estimate the TEC up to the

satellite height (the GPS orbital height of 20,200 km)

(Gulyaeva & Bilitza 2012; Ezquer et al. 2017;

Cherniak & Zakharenkova 2016).

Hence, IRI-Plas is the model more appropriate to

represent the GPS-estimated VTEC. This model also

estimates electron and ion temperatures, electron

distribution and TEC along the local zenith axis. IRI-

Plas scales the critical frequency of the F2 layer (foF2)

with the input of GPS–TEC. IRI-Plas has been opti-

mized using the nonlinear least-squares method

(Ezquer et al. 2017). As a result, it could produce a

valid critical frequency of the F2 layer (foF2), the

critical frequency of the E-layer (foE) and a maximum

height of the F2 layer (hmF2) estimates for a single

GPS receiver location. Thus, this model can act as a

virtual ionosonde for a single-station analysis.

For this study, the IRI-Plas model was executed

(offline mode, source: http://www.ionolab.org/iripla

sonline/) for every hour of the 15th day of every

month of the study period, with geographical coordi-

nates, lower and upper heights (0 and 20,000 km) and

monthly mean of F10.7 as inputs. For VTEC estima-

tion, IRI-Plas includes the foF2 storm model, and the

F-peak model uses CCIR coefficients. The F10.7, foF2

storm model, the F-peak model uses CCIR coefficients

and SSN1 indexes, etc., are used to improve the effi-

ciency of the IRI-Plas model called proxy index are

used to estimate the VTEC estimation (Arikan 2018;

Gulyaeva et al. 2018).

2.2.2 NeQuick2 The NeQuick2 is a climate model for

estimating the total electron content between the ground

location and the satellite height of about 20,000 km of

the specified time and place. This model was developed

at the Aeronomy and Radio Propagation Laboratory of

The Abdus Salam International Centre for Theoretical

Physics (ICTP), Trieste, Italy, and at the Institute for

Geophysics, Astrophysics, and Meteorology of the

University of Graz, Austria. NeQuick2 is a

development of the DGR profiler proposed by Di

Figure 2. Kp index and F10.7 for the year 2019–2020.
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Giovanni & Radicella (1990), Hochegger et al. (2000)

and Radicella & Leitinger (2001) subsequently

modified by Di Giovanni & Radicella (1990),

Radicella & Zhang (1995) and Hochegger et al.
(2000). The NeQuick2 model is characterized by the

latest formulation of the topside representation; this

modification was mainly attained from topside

sounding data from the ISIS-2 satellite (International

Satellites for Ionospheric Studies) (Coı̈sson et al. 2006).

It provides electron density topside profiles nearer to

topside soundings data. At high altitudes, the profiles

are usually underestimated by NeQuick1 and slightly

overestimated at low latitudes. The profile formulation

of NeQuick2 includes five semi-Epstein layers with

modeled thickness parameters with three profile anchor

points, the E layer peak, the F1 peak, and the F2 peak,

that can be modeled in terms of the ionosonde

parameters foE, foF1, foF2, and M(3000)F2 or by ITU-

R coefficients for foF2, M3000 (Leitinger et al. 2005;

Nava et al. 2008, 2011; Radicella 2009; Pietrella et al.
2017). The International Telecommunication Union

recommended the NeQuick2 model as a model suited

for TEC modeling. This model is also adapted for the

single-frequency operation of the Galileo constellation

(Radicella 2009). NeQuick2 globally overestimates the

ionospheric propagation error (delay) for quiet and

medium ionospheric activity and underestimates the

high active period (Coı̈sson et al. 2006). To estimate

hourly VTEC using NeQuick2, geographical reference

of the location, lower and upper boundaries for height

(0, 20000 km), month and year, and the monthly mean

of F10.7 were given as inputs. The obtained VTEC

values are used for the data analysis.

The work compares the TEC values observed using

the Novatel GPS receiver system with the estimated

TEC value from the NEQuick2 and IRI-Plas models.

The GPS measurements suffer varying biases due to

the satellite transmitter and ground receiver and are

influenced by multipath mainly due to manmade

structures like tall buildings, towers and stadiums.

This GPS-derived VTEC was used to understand the

NeQuick2 and IRI-Plas model’s performance for this

location. Moreover, the NeQuick2 and IRI-Plas being

empirical models, are not sensitive to sudden varia-

tions in the ionosphere. Considering the abovemen-

tioned facts, the model was evaluated for quiet

conditions with low solar activity (Cherniak &

Zakharenkova 2016). Both models use the Consulta-

tive Committee of International Radio (CCIR) Com-

munications coefficients, the solar radio flux (F10.7)

and the location (latitude and longitude) (Cherniak &

Zakharenkova 2016) as inputs. Regular and irregular

patterns in TEC are among the essential observables in

ionospheric investigations.

3. Results and discussion

The VTEC derived from the observations using a GPS

receiver installed at Thanjavur, dip latitude of 2.29� N

152.19� E, near the geomagnetic equator on the north-

ern side, is utilized in this study. The study period is

2019–2020, the solar minimum (2019) and the begin-

ning of the 25th solar cycle (2020). The electron density

variation during quiet geomagnetic conditions empha-

sizes the importance of regional and global TEC mod-

eling. Hence, the monthly average variation is studied

using the geomagnetically quiet days.

3.1 Comparison of IRI-Plas and NeQuick2
with observed VTEC for 2019 and 2020

Even though the equinox/solstice day exhibits differ-

ent electron densities during the quiet geomagnetic

condition, the monthly average of the quiet days of the

equinox or solstice month is not much deviating from

the solstice or equinox day when the F10.7 is below

70 for this location during 2019–2020. So, the model’s

performance during these equinox and solstice months

is studied with a monthly quiet days average.

The plots in Figure 3(a and b) illustrate the VTEC

value variations between the GPS measurement, IRI-

Plas and NeQuick2 model for 2019 and 2020. As

indicated in many previous studies (Chauhan et al.
2011; Kenpankho et al. 2011; Kumar et al. 2012;

Nigussie et al. 2012; Olwendo et al. 2013; De Abreu

et al. 2017; Ezquer et al. 2017; Mengistu et al. 2018;

Ogwala et al. 2021) on empirical model performance

in low latitudes, models for this low latitude Than-

javur station had inconsistencies.

According to Lee (2012), double peaks in TEC

variability during noontime is observed only in NmF2

and not in TEC for equatorial latitudes. During

noontime, the photochemical process is dominant in

the bottom-side of the ionosphere, and the transport

process is negligible. On the top side, the trans-

equatorial winds decrease the ionization and the E 9

B drift increases.

Even though the topside and bottom side governing

processes differ for a TEC column, the compelling

reason for the double peak TEC in the equatorial

latitude is mainly upward E 9 B. In our study, an

interesting observation found in Figure 3(a and b) is a
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double peak of VTEC modeled by IRI-Plas and

NeQuick2 for this location in the afternoon period

during all months. This is observed only in the mod-

eled TEC and not in the measured VTEC from GNSS.

To better understand the ionospheric phenomena in

our study region, we need to adopt the empirical

models using an improved CCIR coefficient by

Figure 3. (a) Averaged VTEC of GPS measurement,

NeQuick and IRI-Plas during 2019 and (b) averaged

VTEC of GPS measurement, NeQuick and IRI-Plas

during 2020.

Figure 3. Continued.
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deploying more ionosondes for the study region to

understand local ionosphere dynamics and space

weather. This process peculiar to the equatorial region

must be considered in the global empirical models.

This further confirms the quality of the CCIR

coefficients used by the empirical model due to the

absence of real ionosonde measurements in the loca-

tion that needs improvement. Moreover, the Dst index

characterization of the effect of the ring current, even

during quiet days, could be more accurate (Lühr et al.
2017). After sunset, the ionospheric drivers can gen-

erate plasma instabilities. Mengistu et al. (2018)

compared GPS-TEC measurements with NeQuick2

and IRI model predictions during different solar

activity periods in the low-latitude East African

region. They noticed that the models characterize the

equatorial and EIA region ionosphere based on the

solar cycle, season, and levels of geomagnetic activ-

ity. It is concluded that the geomagnetic indices are

essential for models to perform well in low latitudes.

Figure 4 depicts the GPS-derived VTEC, IRI-Plas

and NeQuick2 modeled VTEC of the quiet equinox

and solstice days during 2019 and 2020. There was a

data gap in the GPS measurements during April and

May 2020. However, annual and semiannual anoma-

lies were captured in the modeled VTEC, whereas the

yearly anomaly was not captured in the measured

GPS. Moreover, the increase in the VTEC values at

the winter solstice may be attributed to the combined

effect of change in neutral composition (winter

anomaly) and increased decomposition of Oxygen

molecules (annual anomaly) (Amaechi et al. 2021).

From Figure 4, it is also seen that the measured VTEC

in the 2020 winter solstice is more significant than in

2019 because of the synergetic effect of winter

anomaly, sporadic spikes in the F10.7 (Figure 2), and

the rising cycle of the 25th solar cycle.

The NeQuick2 model underestimates the day’s

early and late hours irrespective of the season, even

during quiet geomagnetic conditions. The model

underestimates the VTEC between 7 and 16 h UT. It is

clear evidence of underestimation between 4 and 6 h

UT during the study period in April, May, November

and December during the study period.

3.2 Error analysis of NeQuick2 and IRI-Plas model
during 2019–2020

Figure 5(a and b) represent the root mean square error

(RMSE) calculated for NeQuick2 and IRI-Plas models

for the observed GPS VTEC values. Figure 5(a and b)

shows that the RMSE calculated for the IRI-Plas model

has the highest values than the NeQuick2 RMSE values.

In particular, during mid-hours (UT) of the day, the

RMSE values of IRI-Plas are predominant, and the

RMSE values calculated for NeQuick2 are dominant in

the day’s initial hours (UT). For example, the highest

RMSE value calculated by IRI-Plas is 4.5 TECU in mid-

hours (13 h UT) for October 2019. However, the max-

imum RMSE value calculated by NeQuick2 is 3.3

TECU in the early hours of the day (22 h UT) in May

2019. Similarly, for 2020, IRI-Plas records the maxi-

mum RMSE of 3.9 TECU at 14 h (UT) in March and

NeQuick2 records 2.07 TEC at 9 h UT in January.

The underestimation of the NeQuick2 model in our

study is similar to that of the under-estimations

observed by Ezquer et al. (2017) during high solar

activity, which they attributed to the lack of a proper

plasmaspheric model. The IRI-Plas model has high

RMSE values, which could be attributed to the

Figure 4. Contour plots of GPS measurement, modeling

of IRI-Plas and NeQuick2 modeled VTEC for 2019 and

2020.
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plasmaspheric model used by the IRI-Plas for this

location. In general, both empirical models have

inconsistencies in the VTEC prediction for this location

close to the dip equator. The local phenomena typical

for this location, like the E 9 B drift dynamics, equa-

torial ring current, ion composition at these latitudes,

Figure 5. (a) RMSE values of NeQuick2 and IRI-Plas

model during 2019 and (b) RMSE values of NeQuick2 and

IRI-Plas model during 2020.

Figure 5. Continued.
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and other local electrodynamics, has to be considered

for improved prediction of VTEC. This emphasizes

integrating an accurate regional model in global VTEC

modeling. The NeQuick2 empirical model has a low

RMSE for this location, so one can consider adopting it.

4. Conclusion

This work analyses the vertical TEC (VTEC) varia-

tions using the recently installed (December 2018)

ground-based Global Positioning System (GPS)

receiving station at Thanjavur (Geographic 10.72� N,

79.02� E, Geomagnetic 2.91� N, 152.22� E), Tamil

Nadu, India, for the years 2019 and 2020. The specific

emphasis of this work is to understand the VTEC

variation during different seasons during low solar

activity and the suitability of global ionospheric

models such as IRI-Plas and NeQuick2 models for this

equatorial dip latitude location.

The first study for this equatorial station revealed

the following:

• The trend of the VTEC variation for this

location is typical of a station near the geomag-

netic equator, having signatures of various

ionospheric anomalies.

• Both NeQuick2 and IRI-Plas models capture

seasonal variations like annual and semiannual

anomalies.

• NeQuick2 and IRI-Plas show double humps,

corresponding to the double peak of total

electron content. The estimated VTEC from

GNSS observation at this location does not

show evidence of any noon-time bite-outs. The

model might perform better with modified

CCIR coefficients.

• NeQuick2 underestimates and IRI-Plas overes-

timates the VTEC for most of the period for this

location.

• NeQuick2 empirical model has a low RMSE of

2.07 TECU and could be a possible candidate

for adaptation for this location.

The results help to understand how the climate

models perform for this equatorial location due to the

space weather drivers like solar activity and geomag-

netic conditions being low and quiet. The results high-

light the importance of integrating regional models or

phenomena into global models to improve the quality of

global TEC modeling. The existing model needs opti-

mization by adding more datasets acquired through

ground-based ionosonde systems to improve the

estimates of critical frequency of E-layer, F1-layer, F2-

layer (foE, foF1, foF2) and maximum useable frequency

(M3000), which are required to improve the quality of

prediction of these global models for equatorial lati-

tudes. The results suggest adding the present location

data into the ionospheric models. It would be helpful for

improving ionospheric prediction models’ accuracy.
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