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SUMMARY 

 
 

Today, the Antarctic continent is almost completely covered by powerful ice systems, which contain 

90% of the world's ice reserves and 70% of the world's freshwater reserves. Any changes in the ice 

sheet in Antarctica will have global consequences and require careful monitoring. The GNSS method 

is an invaluable tool for such research. With the help of GNSS stations located in Antarctica, it is 

possible to conduct seismic monitoring, determine the amount of ice melting, calculate the amount of 

water vapour in the atmosphere, and measure ionospheric activity. The main goal of this study is to 

calculate the zenith tropospheric delays (ZTD) of GNSS stations in Antarctica. The tropospheric delay 

values were determined based on the data analysis in the double difference (DD) network solution 

mode and compared with the ZTD data from the PPP precise point positioning method. Calculated 

tropospheric delays can be used to estimate water vapor content in the Antarctic troposphere, to 

correct altimetric products for the influence of the moist component of the troposphere, and for 

remote sensing of the atmosphere. 
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Introduction 
 

Most research using GNSS technologies is carried out using GNSS stations. The coordinates of these 

stations are regularly determined based on satellite measurements by two methods: the classic DD (double 
difference, differential) network method and the PPP (Precision Point Positioning) method, when the 

coordinates of one individual station are determined directly from all available GNSS observations using 
precise orbits and precise clock corrections satellite (Leandro et al., 2011). The DD method provides 

accuracy at the millimetre level. However, it does not provide reliable results for solving monitoring 
problems because it omits the absolute values of the impacts in a particular study area. The PPP method is 

actively used to solve various monitoring problems, but its accuracy depends on many factors: the duration 
of the observation, the location and quality of the GNSS receiver, the geometry of the satellites concerning 

the receiver antenna, etc. (Savchuk S. et al., 2018, Łyszkowicz A. et al., 2021). However, in post-
processing mode, the PPP method can provide millimetre accuracy. In general, the accuracy obtained by 

DD and PPP methods depends on many exogenous and endogenous factors affecting GNSS stations. 
Exogenous factors include tidal effects (the gravity of the Moon and Sun, ocean load); rotational motion of 

the Earth; atmospheric influence (change of pressure, temperature, movement of air masses); post-glacial 
rebound and balance of glacial and snow masses; thermal expansion of the Earth's surface. Endogenous 

factors include plate tectonics, seismic activity, changes in the Earth's gravitational field, and groundwater 

levels (Savchyn et al., 2021a, 2021b). The influence of mainly all these factors is taken into account with 
the help of models and IGS products during the processing of GNSS observations in specialized scientific 

software. Scientific software includes Bernese (Switzerland), GYPSY-OASIS (USA), and GAMIT-
GLOBK (USA). Estimation of tropospheric parameters is possible with inverse positioning, when the 

coordinates of the GNSS station are precisely fixed and most sources of errors are considered (Bevis M. et 
al., 1992). This condition is fully satisfied by the above specialized scientific software. The accuracy of 

tropospheric parameters estimated from GNSS observations strongly depends on the data processing 
procedure (for example, angle, weighting of data depending on satellite height, reflection function, and 

other details of the tropospheric model). Depending on the purpose of application (weather forecasting or 
climate monitoring) and physical-geographical region, the requirements for the accuracy of tropospheric 

GNSS parameters may differ. This study is designed to assess the impact of some aspects of GNSS data 
processing in the Antarctic area, which are still understudied, on the quality of received tropospheric 

GNSS parameters for climate programs. 
 

Method 
 

It is known that GNSS signals that pass through the lower part of the atmosphere (troposphere) are 

delayed due to a change in the refractive index of the medium. Most modern software packages allow 
you to determine such a delay using a certain method of processing GNSS observations. Traditionally, 

the tropospheric delay in the zenith direction (ZTD) is divided into dry (hydrostatic) ��
� and wet 

components ��
� : 
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and its value in the direction to the satellite (STD) is represented as the product of the corresponding 

delay in the zenith by the mapping function ���, calculated for the corresponding value of the zenith 

distance z according to the formula: 
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Having the total ZTD from GNSS measurements and calculating the hydrostatic component ��
� from 

the model (Saastamoinen, J.H. 1972), the wet component ��
�  can be found, which actually 

characterizes the integral content of water vapour in the troposphere and from which it is easy to 
calculate the precipitable water vapour (Vaquero-Martínez J. et al., 2021). 

 

The input data for the research were observations from the GNSS station ASAV, which was installed 

near the Ukrainian Antarctic Akademik Vernadsky station (Savchyn et al., 2021a, 2021b), and from 
the GNSS stations OHI3, PALM and ROTH, which are part of the IGS network, from 2019 to 2021 

(2048-2183 GPS weeks) (Figure 1.). 
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Figure 1 Map of GNSS stations in Antarctic 

 

The GNSS stations observations were processed by using the licensed GAMIT-GLOBK Software. 

ITRF2014 is used as a terrestrial frame in processing. A priori zenith hydrostatic (dry) delay values 

are extracted by station from the ECMWF meteorological model through the VMF1 grids. Both dry 

and wet VMF1 mapping functions are used. 

 

Analysis and Interpretations 

 

As a result of processing observations from GNSS stations for the entire observation period, daily 

solutions were obtained in the ITRF2014 system. After that, ZTD was calculated for each station, 

which is shown in Figure 2. 

 

 

 

 

 
Figure 2 Estimated value of ZTD, mm 
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In order to assess the quality of the zenith tropospheric delay from GAMIT-GLOBK Software 

(differential method), estimated ZTD values were compared with the ZTD values obtained with 

GYPSY-OASIS (precise point positioning method) (calculated in Nevada Geodetic Laboratory) for 

the same period (2048-2183 GPS weeks).  

 

Table 1 Statistical result 
 

∆ZTD, mm 

Station PALM OHI3 ROTH 

Longitude (°) -64.05 -57.90 -68.12 

Latitude (°) -64.77 -63.32 -67.57 

Height, м 31.047 32.627 39.705 

Mean, mm -3 -2 -6 

RMS, mm 11 23 38 

 

Table 1 presents the ZTD mean error and Root Mean Square Error (RMS) according to IGS station 

(PALM, OHI3, ROTH) estimated by differential method and the same stations estimated by precise 

point positioning method. As we can see, ZDT means error values are lower than 6 mm for all 

stations, while the RMS errors are within the interval from 11 to 38 mm. Such enormous value and 

variations within a few centimetres of RMS errors may be caused by different approaches to ZDT 

determination (PPP or DD methods) or the quality of products that took part in the processing. 

 

Conclusions 

 

Our research was conducted to validate and compare differential and precise point positioning (PPP) 

methods to determine which processing is most suitable for achieving high accuracy, stability, and 

homogeneity of estimated tropospheric parameters in the Antarctic. Differential processing is 

generally considered more accurate but not optimal and more stable. So, for example, the estimated 

parameters of the troposphere (ZTD) are correlated and may include errors in their absolute values if 

too short baselines are used (see in Figure 1). In addition, the configuration of the network (extension 

and geometry of the baselines, as in our case) can significantly affect the tropospheric parameters in 

the double-difference processing. PPP is an absolute technique in the sense of no error propagation 

between stations. However, the accuracy of data processing in PPP mode depends on the quality of 

external products such as satellite orbits and clocks. In the latitudes of Antarctica, this can be of 

decisive importance. At the same time, data processing in PPP mode is a faster process than DD 

solutions, since only observations for the stations of interest are processed (in our case it is only the 

ASAV station), whereas in relative processing additional stations are needed to form long baselines 

and reduction of correlation between tropospheric parameters. During research satellite observations 

from the GNSS station of Antarctica for the period from 2019 to 2021 were processed using the 

GAMIT-GLOBK software package (DD method). Daily ZTD solutions are estimated and compared 

with ZTD values from GYPSY-OASIS (PPP method). Obtained ZTD can further be used for remote 

sensing of the atmosphere (Rohm W et al., 2014), namely, the use of tropospheric delay to determine 

precipitable water vapour, which is necessary for monitoring weather and climate change. 
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