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SUMMARY 

 
 

A set of studies was conducted to research the characteristic periods of harmonic oscillations of the time 

series of coordinates of the GNSS station ASAV due to various geophysical factors. An algorithm and 

a package of applications to process time series and determine the optimal curves that describe them as 

accurately as possible have been developed. For each time series, an equation is written to determine 

the optimal period of harmonic oscillations. An anomalous distribution of oscillations in the values of 

the coordinates of the GNSS station ASAV with different periods was revealed, which indicates the 

complex nature of the influence of geophysical factors on the spatial location. The accumulated results 

of the analysis of the time series of coordinate values indicate the need for systematic studies of the 

influence of various geophysical factors on the stability and displacement of the GNSS station ASAV. 
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Introduction 

 

The change in the coordinates of GNSS stations, obtained as a result of daily and weekly solutions of 

time series, is generally linear due to the movement of the tectonic plate on which it is located. In 

addition, most time series of GNSS stations are characterized by periodic oscillations which are due to 

the influence of exogenous and endogenous factors. 

 

Exogenous factors include: tidal effects (exposure to the Sun and Moon and ocean load); rotational 

motion of the Earth; atmospheric influence (change of pressure, temperature, movement of air masses); 

postglacial recoil (postglaciation) 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; 

changes in groundwater levels. The interaction of these factors has a significant impact on determining 

the position of GNSS stations. Therefore, the obtained instantaneous coordinates of GNSS stations can 

be used to monitor and model recent Earth movements and predict dangerous phenomena only after 

appropriate processing.  

 

As a part of the seasonal 24th Ukrainian Antarctic Expedition (January–April 2019), a GNSS station 

ASAV (65°14′44″S, 64°15′26″W) was installed and put into operation near the Ukrainian Antarctic 

Station “Academic Vernadsky” (Savchyn et. al., 2021). The installed GNSS station is equipped with a 

Novatel PwrPak7 GNSS receiver and a Novatel Nov702GG GNSS antenna. 

 

 
Figure 1 The GNSS station ASAV is installed near the Ukrainian Antarctic Station “Academic 

Vernadsky” 

 

According to Kylchitskiy et al. in 2010, Tretyak et al. in 2016 and Savchyn et. al. in 2021 active recent 

local geodynamic processes are taking place in the Penola Strait – Lemaire Channel fault region, so the 

installation of a GNSS station should be the first step to develop a permanent GNSS monitoring network 

in the Penola Strait – Lemaire Channel fault area. However, to study geodynamic processes it is crucial 

to identify the influence of geophysical factors from the obtained time series of coordinates of GNSS 

stations, eliminating noise by using appropriate noise filters. In addition, it is important to separate the 

different geophysical loads: the movement of tectonic plates; postglasion; cyclic earthquakes: pre-

seismic, co-seismic and post-seismic deformations and seasonal loads.  

 

Method 

 

The GNSS station ASAV measurement results were processed by using the licensed Bernese GNSS 

Software v5.2. The Bernese Processing Engine (BPE) module and the RINEX-TO-SINEX 

(RNX2SNX) processing strategy were used to obtain daily solutions of GNSS station ASAV. 

According to Dach and Walser in 2015 – RNX2SNX it is standard double-difference processing for 

regional networks for static, dual-frequency stations. The purpose of this BPE is to compute coordinates 
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and troposphere parameters for all included stations in a given reference frame using the translation 

conditions from a minimum constraint solution. In addition, normal equation files are generated.  

 

ITRF2014 (Altamimi et. al., 2016) is used as a terrestrial frame in processing. Six IGS GNSS stations 

PALM (Palmer Station – 64°46'30.0"S 64°03'03.6"W), DUPT (Duthiers Point – 64°48'18.0"S 

62°49'01.2"W), SGP1 (Cape Disappointment – 65°33'25.2"S 61°43'19.2"W), SGP4 (Cape Alexander 

– 66°41'09.6"S 62°27'36.0"W), PRPT (Prospect Point – 66°00'25.2"S 65°20'20.4"W) and HUGO 

(Hugo Island – 64°57'46.8"S, 65°40'04.8"W) were included to processing to specify this terrestrial 

frame. 

 

Analysis and Interpretations 

 

As a result of processing the measurements of the GNSS station ASAV for the entire observation period 

daily solutions were obtained in the ITRF2014 system. It is known that the kinematics of any GNSS 

station can be represented as two components. This is a systematic displacement of the GNSS station 

due to the movement of the tectonic plate on which it is located, and periodic oscillations in its position. 

According to (Tretyak et.al., 2012) the model of kinematics of the GNSS station can be described by 

the following equation: 

 

𝑓(𝑡) = 𝑎𝑡 + 𝑏 + 𝑐 𝑐𝑜𝑠[ 2𝜋(𝑡 − 𝑡𝑜 − 𝑛𝑇)/𝑇] + 𝑠 𝑠𝑖𝑛[ 2𝜋(𝑡 − 𝑡𝑜 − 𝑛𝑇)/𝑇]   (1) 

 

where a, b – coefficients of the regression equation of linear displacement of the GNSS station; c, s – 

harmonic coefficients, t0, t – the initial and current epoch of observations, n – the number of periods of 

oscillation of duration Т, which fits into the interval t-t0.  

 

It is clear that 𝑓(𝑡) = 𝑎𝑡 + 𝑏 – is the equation of the line, which actually describes the direction in 

which there is a systematic displacement of the GNSS station. If this linear component is removed, only 

periodic oscillations in the values of the coordinates of the GNSS station remain, which are due to 

various geophysical factors. Figure 2 shows the time series of GNSS stations ASAV with the linear 

displacement components eliminated for the north (N), east (E) and up (U) components, respectively.  

 

 
Figure 2 The GNSS station ASAV time series with eliminated linear displacement components  

 

For further study and analysis of periodic oscillations, it is necessary to determine the optimal harmonic 

function for each component of the GNSS station. The criterion for choosing such an optimal harmonic 

function is the dependence:  
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∑ {𝑎𝑡𝑖 + 𝑏 + 𝑐 ∙ 𝑐𝑜𝑠[ 2𝜋(𝑡𝑖 − 𝑡𝑜 − 𝑛𝑇)/𝑇] + 𝑠 ∙ 𝑠𝑖𝑛[ 2𝜋(𝑡𝑖 − 𝑡𝑜 − 𝑛𝑇)/𝑇] − 𝐻𝑖}2𝑛
𝑖=1 = 𝑚𝑖𝑛  (2) 

 

That is at the minimum values of criterion (2) there will be selected curves (optimal periods and 

amplitudes) which with minimal deviation will describe the mixing of each component of the GNSS 

station.  

 

The optimal coefficients of equation (2) are determined based on the measurement results of GNSS 

station ASAV by the method of least squares. Figure 3 presents the results of determining the optimal 

harmonic oscillations of the time series of measurements of GNSS station ASAV, which are devoid of 

a linear trend and approximated by the Fourier series based on the optimal period of oscillations along 

each axis.  

 

  

  

  
Figure 3 Functions of the standard deviation of the approximation curves from the measurement 

results depending on the duration of the oscillation period and approximation harmonic curves for 

each component of GNSS station ASAV  

 

Analysing the graphs (see Fig 3), it is found that the optimal period of oscillation for north (N) is 0.95 

years and for east (E) 0.32 and 0.91 years. The period of oscillation close to one year is characteristic 

of almost all GNSS stations. The period of 0.32 years can be caused by oscillations of the Earth’s pole, 

which is maximally reflected in the coordinates east (E). As a result of the analysis of oscillations up 

(U) several optimal periods of oscillations are identified. However, in our opinion, short periods of 

oscillation can be caused by measurement errors, and a possible cause of short periods of oscillation is 

a change in ocean level (oceanic load on the Earth’s crust). It can be noted that certain periods of optimal 

oscillations are seasonal. Such oscillations are associated with changes in environmental conditions 

(temperature, pressure, solar radiation, wind, etc.)  

 

Based on the obtained daily solutions, the components of the displacement velocity vector of the GNSS 

station ASAV were determined, which are  𝑉𝑛 = 10.83 ± 0.10, 𝑉𝑒 = 13.43 ± 0.09 and 𝑉𝑢 = 5.39 ±
0.29. It should be noted that the value of the velocity vector of the planned displacements of the GNSS 

station ASAV in the ITRF-2014 coordinate system is 17.25 mm/year. The station is being relocated in 

a northeastern direction. The northeastern movement direction predominates at most GNSS stations on 

the Antarctic Peninsula, and the resulting displacement value is close to most stations located around.  

 

The obtained values correlate well with the model values of the Antarctic tectonic plate (ITRF-2014) 

in the region of the Ukrainian Antarctic Station “Academic Vernadsky”. Slight differences between the 

components of the measured and model velocity vector, which reach 3 mm/year, indicate the 
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manifestation of regional tectonic processes. To study these processes, it is necessary to create a network 

of GNSS stations around the Ukrainian Antarctic Station “Academic Vernadsky”. 

 

Conclusions 

 

The results of satellite observations of the GNSS station ASAV for the period from April 8, 2019 to 

August 1, 2021 were processed by using the Bernese GNSS Software v5.2 software package. The 

processing was carried out using the strategy of processing GNSS observations in the regional networks 

– RINEX-TO-SINEX. The daily solutions of the GNSS station ASAV are obtained and the vector of 

its displacements in the coordinate system ITRF2014 is determined. It has been established that the 

GNSS station ASAV is exposed to seasonal oscillations, which are associated with changes in 

environmental conditions. The displacement vector of the GNSS station ASAV has a northeastern 

direction. The obtained results are consistent with the model of tectonic plate movements in this region.  
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