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Abstract

The existing statistics of the Antarctic ionosphere
parameters behavior is supplemented by the results from
the Livingston station data for the summer periods of
2005-2019, 35 months in total. The climatology of the
parameters behavior came to the constancy of the values
of the critical frequency foF2 in the local daytime and
evening times and significant differences at night,
reaching factor 2. The highest values are in December, the
lowest in March. For the maximum height hmF2, the
spread of values is small. A comparison of the values of
foF2 and hmF2 of the IRI model with observational data
is carried out. A certain tendency of an increase in
deviations with an increase in solar activity was found.
For foF2, dispersion ¢ does not exceed 25%, for hmF2 -
17%. The average values for the entire period are:
|AfoF2|=0.73 MHz, o(foF2) =0.86 MHz and 13.6%,
|AhmF2| =22.5 km, o(hmF2)=27.5 km and 9.65%. These
magnitudes are close to those for stations in the northern
hemisphere. The possibility of using the total electron
content for determining foF2 is shown.

1 Introduction

Every year the prospects for the use of the Antarctic
continent become more obvious, which leads to the
intensification of its exploration. This fully applies to
ionospheric research. Many papers emphasize the
importance of knowing the state of the ionosphere in the
Antarctic zone and using HF propagation (e.g. [1]). In the
paper [2], a pilot project on oblique propagation of HF
radio waves near the South Pole is described and it is
noted that the success of this relatively inexpensive
experiment indicates the possibility of deploying a
stationary network of ionosondes for a comprehensive
observational coverage of the Antarctic ionosphere. From
the very beginning, studies of the ionosphere in Antarctica
were focused on using the IRI model [3]; therefore, many
papers were devoted to comparing observational data with
model parameters, including for such a parameter as the
total electron content TEC. For example, in the paper [4]
the comparison was carried out on a large data set at the
maximum (2000-2001) and minimum (2007-2008) solar
activity. The data of vertical sounding at the San Martin
station (68.1°S, 293.0°E) and the GPS receiver at Higgins
were used. It is shown that the diurnal, seasonal
dependences of foF2 and TEC and their dependence on
solar activity are similar; in summer, daytime values are
less than nighttime ones. The results of a comparison of

the observational foF2 with the IRI model showed the
correspondence of daily trends and the presence of
periods when the model can both overestimate and
underestimate the observational values. Particular
attention is paid to the behavior of the Antarctic
ionosphere during disturbances. Thus, in [5], foF2 data
from four Antarctic stations were analyzed during three
intense magnetic storms occurred in high solar activity
(years 2002 and 2003) and the features of the behavior of
this parameter were found both in the main phase of a
magnetic storm and in the recovery phase. Since
additional statistics are never superfluous, this paper
presents the results of studying the behavior of the
ionosphere  from the Livingston station data.
Climatological regularities are given, a comparison with
the IRI model, the possibility of using TEC to determine
foF2 is investigated.

2 Climatology of parameters foF2 and hmF2

Experimental data for Livingston Island station (lat: -62.4,
lon:  300.5) were taken from the  website
(obsebre.es/en/Livingston-ionograms) from 2005 to 2019.
Table 1 gives the observation periods during the
expeditions for each year. There are 2 columns for the
months with the most available data. A certain amount of
data refers to December and March, but they did not fit
into the table. 35 months in total.

Table 1. Basic data for Livingston station
lox 1 2

2005 | 3-19.02.2005 17-31.12.2005

2006 | 1-31.01.2006 1-20.02.2006

2007 | 24-31.01.2007 | 1-24.02.2007

2008 | 1-31.01.2008 1-21.02.2008
2009 | 11-25.12.2009

2011 | 9-31.01.2011 9-31.01.2011
2012 | 1-31.01.2012 1-15.02.2012
2013 | 5-31.01.2013 1-17.02.2013

2014 | 24-31.01.2014 | 1-17.02.2014

2015 | 1-31.01.2015 1-20.02.2015
2016 | 1-31.01.2016 1-17.02.2016
2017 | 1-31.01.2017 1-28.02.2017
2018 | 6-31.01.2018 1-28.02.2018

2019 | 15-31.01.2019 | 1-28.02.2019

The diurnal and seasonal variations can be illustrated by
one graph. The most complete period, including four
months, is the end of 2016 and the beginning of 2017 (the
summer season of minimum solar activity). The results



are shown in Figure 1 for the local time LT. Inside the
picture, next to the icon for a specific curve, there is a
letter representing the month and year.
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Figure 1. An example of the daily variation of
ionospheric parameters at the Livingston station

For foF2, one can see the constancy of values in the
daytime and in the evening, and significant differences at
night, reaching factor 2. The highest values are in
December, the lowest are in March. For hmF2, the spread
of values is small and the curve averaged over four
months can be approximated by a polynomial of the
second degree hmF2 = 373.98 - 23.391-LT + 0.8952-LT?
with a confidence factor of 0.92. The rest of the cases
include three months (December, January, February or
January, February, March). For these cases in 2019 in
conditions of low solar activity, the results are identical to
those shown in Figure 1. In three months of 2011-2012,
with a higher solar activity, the trends persist with higher
values of foF2 and hmF2 than in Figure 1, and with a
decrease in the period of constant foF2. In conditions of
high solar activity, the differences between monthly
medians decrease significantly (Figure 2).
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Figure 2. Daily variations in parameters under conditions
of high solar activity

The dependence of the parameters foF2 and hmF2 on the
F10.7 index is shown in Figure 3 for several UT hours
using the example of January. For the parameters,
medians are given, for the index - monthly averages. The
correspondence between index values and years is shown
in Table 2, along with the number of available parameter
values for each year (third column).
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Figure 3. Dependence of the parameters foF2 and hmF2
on the F10.7 index

The same dependences are obtained for February.

Table 2. Statistics of observations by years
F10.7 Year | N
67.71 18 25
69.23 19 15
71.95 8 31
74.87 17 31
80.5 11 22
80.76 6 31
80.81 7 6
100.15 16 31
123.05 13 26
128.97 12 31
137.33 15 31
154.89 14 8

There is a certain trend in the increase in the values of the
parameters with an increase in solar activity. One can also
note that not all years have complete statistics and there
are even cases when there is not a single measurement
during the whole month. Figure 4 shows the dependence
of the parameters foF2 and hmF2 of the IRI model on the
F10.7 index for the same hours.
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Figure 4. Dependence of the parameters foF2 and hmF2
of the IRI model on the F10.7 index

It can be seen that the model underestimates the values of
both parameters and the scatter of values in the diurnal
variation is not so large; nevertheless, the trend of
dependence on solar activity exists to a greater extent for
foF2 and to a lesser extent for hmF2. An illustration of the
differences between the observational and model daily
variations is given in Figure 5 for the months 2018
(minimum F10.7) and 2014 (maximum F10.7).
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Figure 5. An example of comparing observational and
model values of parameters




It can be seen that the largest deviations fall on the first
half of the UT day and are greater at the solar maximum
than at the minimum. The correspondence of foF2 and
hmF2 values (model accuracy) was estimated for all
available data using absolute and relative deviations
|AfoF2|, o(foF2), |hmF2|, o(hmF2). Figure 6 shows the
corresponding results depending on the solar activity
index F10.7. The upper graphs show the absolute and
relative deviations in the corresponding units of
measurement, the lower ones - the relative deviations in
%.
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Figure 6. Statistical characteristics of the ionospheric
parameters for the Livingston station

There is a certain tendency for the deviations to grow with
increasing solar activity. For foF2, ¢ does not exceed
25%, for hmF2 - 17%. The average values for the entire
period are: |AfoF2|=0.73 MHz, o(foF2)=0.86 MHz and
13.6%, |[AhmF2[=22.5 km, ¢ (hmF2)=27.5 km and 9.65%.
These values are close to those for stations in the northern
hemisphere.

3 Behavior during disturbances

The TEC parameter should play an important role in the
study of the Antarctic ionosphere, as evidenced by a large
number of publications, including comparisons with the
IRI model (e.g. [6-7]). However, at the Livingston station,
there were no TEC measurements and in this paper, the
values of the global JPL map are used, calculated from the
data of IONEX files
(ftp://cddis.gsfc.nasa.gov/pub/gps/products/ionex/) with a
step of 2 hours. The main attention was paid to the
possibility of using the observational values TEC(obs)
and the median of the equivalent ionospheric slab
thickness t(med) to determine foF2(rec), which showed
itself well in the northern hemisphere [8]. Figure 7
provides confirmation of this possibility using the
example of the strongest disturbance on January 1-5,
2016. The top panel shows the behavior of the Dst index,
the lower left panel gives the behavior of TEC(obs) along
with the median to illustrate the nature of the
disturbances. The lower right panel compares the
observational values foF2 (obs), the values foF2(rec)
obtained by the combined use of TEC(obs) and t(med), as
well as the values of foF2(IRI) for the IRI model.
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Figure 7. Illustration (;f the possibility of using TEC and
t(med) to determine foF2

It can be seen that at the beginning of the recovery phase a
negative disturbance is observed, and at the end of the
phase - a positive disturbance. This behavior is also
observed at other stations in the southern hemisphere. The
IRI model reflected the negative disturbance well, but
provided only underestimated values on the remaining
days. For almost all months considered, disturbed periods
can be found, and the frequencies foF2(rec) were
calculated for all cases. If to compare the absolute
deviations |AfoF2| for foF2(IRI) and foF2(rec), then the
average values of these quantities are 0.96 MHz and 0.57
MHz. The cases of the smallest and largest deviations in
Figure 6 correspond to March 1-11, 2019 and December
20-31, 2011. The results for these cases are shown in
Figure 8. Graphs are given for TEC, showing the presence
of disturbances (deviations from the medians), and graphs
for different foF2: observational foF2(obs), reconstructed
foF2(rec) and model foF2(IRI).
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Figure 8. Behavior of ionospheric parameters for cases of
limiting deviations of foF2

The corresponding absolute deviations in the first case are
equal to |AfoF2(rec)|= 0.26 MHz and |AfoF2(IRI)[=0.3
MHz, in the second case |AfoF2(rec)|=0.41 MHz and
|AfoF2(IRI)[=1.76 MHz. It can be seen that in the first
case, both options provide a good match, but the model
does not reflect the nature of the disturbance; in the
second case, the values themselves are far from real.



4 Conclusion

The statistics of the parameters foF2 and hmF2 behaviour
on the long-term data of the station Livingston is
obtained. The insignificant trend of increase of values
with growth of index F10.7 was revealed. In spite of the
fact that modeling parameters of the ionosphere for the
southern hemisphere station give conformity with
observational data not worse, than parameters in the
northern hemisphere, the obtained statistics confirms
necessity of a network of ionosondes in the Antarctic
region. It is confirmed also, that values of TEC can be
used both for studying of disturbance nature, and for
definition of foF2.
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