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Abstract. The paper is devoted to determination of the total electron content in the
vicinity of the South geomagnetic pole using observations by global navigation satellite
systems. Observations were carried out at the Russian Antarctic station Vostok in the periods
February 2016 — January 2017, February 2018 — February 2019 and February 2020 — January
2021. Observations were made with satellites of GPS and GLONASS systems. Processing of
observations was carried out by use of the TEC-suite software. Total electron content series
were obtained for the specified time periods. Our results were compared with those of Center
for Orbit Determination in Europe, there is a good agreement, based on which we conclude
that our data are reliable. For all periods of observation, average daily profiles of changes in
the total electron content in winter and summer were plotted. An excess of the winter total
electron content measured from global navigation satellite systems observations over the model
data provided by Center for Orbit Determination in Europe by about 5 total electron content
unit was noted._
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Annoranug. CTaTbsl TIOCBSIIEHA OIPEACJICHUIO TOJHOTO 3JEKTPOHHOIO COAepKaHUS

B OKPECTHOCTU IOKHOro reomarHutHoro nomawoca u3 'HCC-naGmonenuit. HabGmoneHus

BBIMOJIHSJINCh Ha aHTapKTUYecKoil ctaHuuu BocTtok ¢ ¢espang 2016 mo suBapp 2017, ¢
despans 2018 o despans 2019, ¢ dpespansa 2020 o suBaps 2021. Habmomannchk CIyTHUKA
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cucteM GPS u TJIOHACC. O6pabotka HaOJIOAeHUIN MNPOBOAMIACH C MCIIOJb30BaHUEM
nporpamMmmMHoro obecrnedeHusi TEC-suite. bbuiyu mojiydeHBI psiAbl MOJTHOTO 3JEKTPOHHOTO
COIepKaHM 3a YKa3aHHbBIC ITeproabl BpeMeHU. Hailm pe3yiabTaThl CpaBHUBAIMCH C JaHHBIMU
CODE. JIng Bcex nepuoaoB HAOJIOJEHUI CTPOUIUCH CPEIHECYTOUHbIE TPOMUIN U3MEHEHUS
TIOJTHOTO 3JICKTPOHHOTO COIep:KaHWSI 3UMOM M JjieToM. OTMEUCHO TIPEBBIINICHUE 3WMHETO
TIOJTHOTO 3JIEKTPOHHOTO coaepkaHus, n3MepeHHoro 1mo HammM [THCC-nabmomeHWsIM, Ham
JaHHbIMU, pegoctaBieHHbIMU CODE, mpumepno Ha 5 TECU.
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Introduction

The presented paper is a continuation of the earlier work [1] devoted to estimation of ionospheric
parameters from global navigation satellite systems (GNSS) observations at the Antarctic station
Vostok. The ionosphere is a layer of the Earth’s atmosphere, ionized primarily by solar radiation.
It consists of neutral gases and quasi-neutral plasma. Such important branches of human activity
as radio communication and radar, radio navigation depend on the state of the ionosphere. There
are connections between the processes in the troposphere, tectonic processes and phenomena
in the ionosphere. Thus, the study of the ionosphere, the physical processes occurring in it, and
their relationship with other geophysical processes is an important scientific task. One of the main
characteristics of the ionosphere is the total electron content (TEC), which is the number of free
electrons and ions in a cylinder with a cross-sectional area of 1 square meter, oriented along the
line of sight. It is measured in total electron content (TECU), 1 TECU = 10'¢ electron/m?. One
of the most accessible methods for studying the ionosphere under present conditions are GNSS.
All modern GNSS are built on similar principles; they transmit the navigation signal over two
frequencies, specifically to take into account the signal delay in the ionosphere. Thus, having
observations of GNSS satellites at two frequencies, determining the total electron content can be
performed according to the method described in the paper [2]. The spread of GNSS, the wide
coverage of various networks of scientific and economic importance of large areas provide a
huge array of information for determining the total electronic content. However, there are areas
where the coverage of GNSS stations is clearly insufficient. One of such areas is Antarctica. The
number of stations included in the network of the International GNSS Service (IGS) is only 8.
All these stations are located on the coast of Antarctica. In 2016, together with the Department
of Astronomy of St. Petersburg State University and the Arctic and Antarctic Research Institute,
a GNSS site was organized at the Vostok station. Station coordinates are 78°28' south latitude
and 106°50" east longitude. The height of the station is 3488 m. This was done to solve several
scientific problems, the main ones being the study of the dynamics of the ice shield [3] and the
determination of the parameters of the atmosphere and ionosphere near Vostok station. Vostok
station is located in the vicinity of the South geomagnetic pole; therefore, the determination of
ionospheric parameters in the vicinity of the station is of a special interest.

Materials and Methods

In this paper, we used GNSS observations made during three expeditions to the Vostok station.
The first observation period is from 7 February 2016 to 31 January 2017, the second observation
period is from 4 February 2018 to 10 February 2019 and the third observation period is from 7
February 2020 to 01 February 2021. All observations were performed continuously with the Javad
Triumph-1 receiver provided by the Department of Astronomy of St. Petersburg State University.
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The organization of the observation post is described in a previous paper [1]. The receiver used
in all observations is the same. Code and phase measurements were performed at two frequen-
cies. GPS and GLONASS satellites were observed, the time resolution of observations was 30
seconds. We also used global ionospheric maps provided by the Center for Orbit Determination
in Europe (CODE). This data is provided with a time resolution of 1 hour, on a grid of 2.5" in
latitude and 5° in longitude. We also used data on differential code biases (DCB-files) provided
by CODE.

Data processing and results

Data processing was performed using the TEC-suite [4][5] program. With its help, the oblique
TEC series were obtained for each observed satellite, both in phase and in code measurements.
Subsequently, the slant TEC calculated from the code measurements was corrected for each
satellite by DCB, and based on the corrected TEC, the uncertainty for the slant TEC calculated
from the phase measurements was eliminated. Based on the slope TEC from the phase measure-
ments, the vertical TEC was calculated using the mapping function. When calculating the map-
ping function, according to the method described in the paper [2], the height of the thin layer
ionosphere was assumed to be H = 450 km. The same height is assumed in the model used to
calculate ionospheric map CODE. The vertical TEC for all available satellites was averaged over
an hourly interval. Using the method described above, we obtained complete annual series of the
total electron content of the ionosphere over Vostok station for all three expedition periods. We
compare our TEC series with the TEC provided by CODE to verify our results (see Figs. 1—4).
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Fig. 1. Total ionospheric electron content over Vostok station according to GNSS observations
(red line) of the 2016—2017 expedition in comparison with CODE data (green line). 1.0 (a)
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Fig. 2. Total ionospheric electron content over Vostok station according to GNSS observations
(red line) of the 2018—2019 expedition in comparison with CODE data (green line) (a)
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Fig. 3. Total ionospheric electron content over Vostok station according to GNSS observations
(red line) of the 2020—2021 expedition in comparison with CODE data (green line) (a)

507



4 St. Petersburg Polytechnic University Journal. Physics and Mathematics. 2023. Vol. 16. No. 1.2 >
I

The results obtained by us, as can be seen from the graphs, in general, are in good agreement with
the CODE data, which, in our opinion, indicates that the technique we use is correct and we did
not make any gross errors in data processing. The results obtained by us are, in general, in good
agreement with the CODE data, the seasonal component is clearly visible, which is present both
in our series and in the CODE series.
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Fig. 4. Total ionospheric electron content over Vostok station according to GNSS observations
(red line) 8 — 12 February 2016 in comparison with CODE data (green line)

The accumulated data make it possible to construct daily profiles of the variability of the total
electron content of the ionosphere. Graphs of the average daily change in the total electron con-
tent for the winter period (in the southern hemisphere this is June-July) and summer periods are
given (see Fig. 5—7). The graphs are built separately for each expedition period, 2016-2017, 2018-
2019 and 2020-2021. The complete electronic content was built both for all observed satellites and
separately for GPS and GLONASS systems. Also for comparison there are graphs constructed
according to ionospheric maps from CODE.
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Fig. 7. Average daily TEC profile for June — July 2018 (a) and December 2018 — January 2019 (b)

As one of the interesting features of the TEC series obtained by us, it should be noted that the
TEC values estimated by us in winter are significantly higher than the TEC estimates provided
by CODE. The difference is about 5 TECU. This value is significant and needs to be explained.
The standard deviation of the vertical TEC value, obtained from one observation epoch is about
3.4 TECU. To obtain one hourly value TEC, we average 120 TEC values, obtained from one
epoch each. The difference between our data and CODE data exceeds the standard deviation of
the TEC estimation error from one measurment. Consider the possible reasons for such a differ-
ence. On the one hand, we can assume that this value is an artifact of observations. As follows
from the technique described by us, obtaining the final series of vertical TEC, we average all
available observations, but due to the geographical location of our observation point, not a single
satellite passes through the zenith, the points of intersection of the satellite-receiver line and the
ionosphere are very far from the receiver. Hense, the averaged value The TEC may not display
the situation above the receiver. On the other hand, it should be noted that the data, provided by
CODE, are built based on available GNSS observations, which are carried out at the coastal sta-
tions of the IGS. These stations are located at a great distance from Vostok station and the same
statements are true for them that we can make for our observation post. However, it should be
noted that in summer the TEC series obtained by us is in good agreement with the CODE data,
both at short intervals and at longer intervals, which, in our opinion, indicates that the winter
TEC value obtained by us reflects the real physical picture. Perhaps the reason for this phenom-
enon is the proximity of the south geomagnetic pole of the Earth, near which the Vostok station
is located. The ionization of gas in the ionosphere occurs due to the influence of ultraviolet and
X-ray radiation from the Sun and due to the influence of charged cosmic particles. Taking into
account the proximity of our observation point to the geomagnetic pole, we can assume that there
is an additional TEC caused due to gas ionization by the solar wind. However, the question arises
as to why this effect is observed only in winter.

Conclusion

The observations of three expeditions to Vostok station were processed. Annual series of the
total electron content of the ionosphere were constructed from phase measurements using the
TEC-suite program. The resulting total electron content was compared with data from global ion-
ospheric maps provided by CODE. In general, the series are similar, the same daily and seasonal
variations are traced, based on which we can judge the reliability of our data. Typical summer
and winter diurnal profiles of the vertical TEC change were estimated with the obtained array of
observations. An interesting point was noted that the typical winter TEC value exceeds the TEC
value from global ionospheric maps by about 5 TECU. It is concluded that this is a real effect,
which cannot be fully explained by the unknown value of the receiver calibration correction.
Perhaps there are effects caused by the proximity of the South geomagnetic pole. We are going to
continue the study of the causes of this effect in the following publications.
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