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Abstract: This paper summarizes the activity of the chosen Polish geodetic research teams
in 2015–2018 in the fields of Earth: rotation, dynamics as well as magnetic field. It has been
prepared for the needs of the presentation on the 27th International Union of Geodesy and
Geodynamics General Assembly, Montreal, Canada. The part concerning Earth rotation is
mostly focused on the use of modelling of diurnal and subdiurnal components of Earth rotation by including low frequency components of polar motion and UT1 in the analysis,
study of free oscillations in Earth rotation derived from both space-geodetic observations
of polar motion and the time variation of the second degree gravitational field coefficients
derived from Satellite Laser Ranging (SLR) and Gravity Recovery and Climate Experiment
(GRACE) observations, new methods of monitoring of Earth rotation, as well as studies on
applications of the Ring Laser Gyroscope (RLG) for direct and continuous measurements of
changes in Earth rotation and investigations of the hydrological excitation of polar motion.
Much attention was devoted to the GRACE-derived gravity for explaining the influence of
surface mass redistributions on polar motion. Monitoring of the geodynamical phenomena
is divided into study on local and regional dynamics using permanent observations, investigation on tidal phenomena, as well as research on hydrological processes and sea level
variation parts. Finally, the recent research conducted by Polish scientists on the Earth’s
magnetic field is described.

Keywords: Earth rotation, geodynamics, Earth magnetic field, GNSS

66

Janusz Bogusz, Aleksander Brzezinski, Jolanta Nastula

1. Introduction
In the research concerning Earth rotation and geodynamics carried out by Polish scientists in a period of 2015–2018 many research institutions were involved, listed in
Acknowledgments part. The investigations on Earth rotation in Poland have been performed mostly by the scientists of the Space Research Centre of the Polish Academy of
Sciences (SRC PAS). The main concern of the work was the use of the Gravity Recovery
and Climate Experiment (GRACE) data for modeling time variations of Earth orientation parameters (EOP) due to surface mass redistributions. The research on Earth rotation variations due to the influence of geophysical fluids has been extended by including
other geodynamic phenomena, such as sea level change and hydrological processes on
different scales, from local and regional to global ones.
Thanks to Earth’s artificial satellites the new possibilities of providing the Vertical
Land Motion arise. The changes of the permanent Global Navigation Satellite Systems
(GNSS) stations’ positions along with precise levelling data allow to monitor the present
dynamic of the Earth’s surface. They may also be supported by other satellite (Satellite
Laser Ranging – SLR and Doppler Orbitography and Radiopositioning Integrated by
Satellite – DORIS) techniques. On the other hand, tidal observations support the geodynamic research to a very significant extent. Since 2016 first Polish observatory was
equipped with superconducting gravimeter, being able to observe temporal changes of
Earth’s field of gravity with unprecedented reliability.
2. Earth rotation
In a period of 2015–2018 Polish researchers working on Earth rotation participated in
the scientific programs of the international organizations, like the IAG (International
Association of Geodesy), IAU (International Astronomical Union), IERS (International
Earth Rotation and Reference Systems Service). In particular they contributed to the activity of the IAU/IAG Joint Working Group on Theory of Earth Rotation and Validation;
see the report by Brzezinski (2015) for details. Short summaries of the most important
publications concerning Earth rotation will be given below.
2.1. Modeling diurnal and subdiurnal components of Earth rotation
The high frequency signals in polar motion, with periods from a fraction of day to daily,
are small – at the submilliarcsecond level, nevertheless important for understanding the
dynamics of Earth rotation. There is also a need for high quality models of diurnal and
semidiurnal effects in polar motion and UT1 for reduction of GNSS data. Brzezinski
et al. (2015) applied the complex demodulation (CD) technique, originally developed
for extracting the subdiurnal signals in Earth orientation parameters (EOP), for analysis
of the retrograde diurnal component of polar motion (PM) and the low frequency component of dUT1. By comparison to the results based on the celestial pole offsets and
dUT1 series from the combined solutions provided by the IVS (International VLBI Ser-
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vice) and IERS they could demonstrate consistency of the CD parametrization with the
standard approach. This research was extended by Wielgosz et al. (2016) who included
in the analysis the low frequency components of PM and UT1 estimated by CD version
of the VieVS (Vienna VLBI Software). They could conclude that the CD parametrization applied for analysis of VLBI observations does not change those EOP components
which are included in standard adjustment, while enabling simultaneous estimation of
diurnal and semidiurnal components from standard VLBI (Very Long Baseline Interferometry) measurements. The authors suggested also implementation of the CD algorithm
for data analysis of other space geodetic techniques, like GNSS and SLR, which can
help to retrieve of subdiurnal signals from past data.
2.2. Studying the free oscillations in Earth rotation
The most important free oscillation in Earth rotation is the Chandler wobble (CW), the
largest component of polar motion, discovered at the end of XIXth century and monitored on regular basis since that time. Several aspects of the Chandler wobble have
been studied by the researchers from the SRC PAS since 1990-ties, including determination of the resonance parameters and explanation of the excitation mechanism of
CW. Recently, Nastula and Gross (2015) estimated the period T and quality factor Q of
CW after imposing the minimum condition on power of the difference between the observed and modeled excitations in the vicinity of the resonance frequency. The observed
excitation was derived from both space-geodetic observations of polar motion and the
time variation of the second degree gravitational field coefficients derived from SLR and
GRACE observations. The modeled excitations were computed from the output parameters of the global circulation models of the surficial fluids, the atmosphere, the oceans
and the hydrology. The preferred values of CW resonance parameters were T = 430.9
solar days and Q = 127, with the 95% confidence intervals (430.2, 431.6) and (56, 255),
respectively.
The second rotational mode of the Earth is the Free Core Nutation (FCN) which affects both Earth rotation and body tide. The FCN parameters are usually estimated from
VLBI estimation of nutation or from the tidal gravity observations by the superconducting gravimeters. Rajner and Brzezinski (2017) reported an attempt to determine the FCN
parameters from gravity record collected with the use of a spring LaCoste & Romberg
Earth Tide gravimeter, located at Jozefoslaw observatory near Warsaw. They estimated
the FCN period T = 430 sidereal days, which is in good agreement with the VLBI nutation results, and the quality factor Q = 1300 which is roughly consistent with other determinations from gravimetry but significantly smaller than the VLBI nutation estimate.
2.3. Research on the methods of monitoring Earth rotation
VLBI plays an important role in monitoring changes in Earth rotation. There is one
VLBI station in Poland, in Piwnice near Torun, but it does not participate in geodetic
programs. There are plans to adapt the old VLBI antenna in Piwnice to the VLBI2010
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standards and to join with this instrument the VGOS (VLBI Global Observing System)
network. In a frame of preparation, several research works have been performed. One
is the study reported by Wielgosz et al. (2016). They considered the problem of the
simultaneous estimation the Earth Orientation Parameters (EOP) and station coordinates
by the networks of VLBI stations. Several tests have been performed using the VLBI
analysis software VieVS. The main problem considered was the method of weighting
the results from the stations having bigger post-fit residuals. Several weighting strategies
have been considered and evaluated using different statistical indicators.
Polish researchers have been also involved in the studies on applications of the Ring
Laser Gyroscope (RLG) for direct and continuous measurements of changes in Earth
rotation. This technique has been considered since about two decades as a complement
of the space geodetic techniques for monitoring Earth rotation. So far there is only one
instrument, the G-ring at the Wettzell Observatory in Germany, which has sufficient
sensitivity for this purpose, but according to our knowledge other instruments are under
construction. Tercjak et al. (2015) investigated the application of RLG for estimation
of nutation rates. They considered one instrument with parameters of G-ring, but also
simulated results from several RLG’s and their combination with actual VLBI data. The
conclusion of this study was basically negative, showing that for improvement of the
VLBI estimates at least 3 RLG are needed having relative level accuracy by at least 2
orders of magnitude higher than the G-ring. In the next study, Tercjak and Brzezinski
(2017) performed detailed analysis how the known diurnal and subdiurnal signals in
polar motion and UT1 are reflected in the observations of G-ring. They considered the
available models of so-called diurnal polar motion, diurnal and semidiurnal ocean tide
effects in polar motion and UT1 and librations, prograde diurnal in polar motion and
semidiurnal in UT1. As a next step, the effects of changing the geographic location of
a horizontally mounted instrument, or changing its orientation with respect to the crust,
have been considered.

2.4. Investigations of the hydrological excitation of polar motion
Polar motion is almost entirely excited by the global geophysical processes taking place
in the external fluid layers of the Earth, the atmosphere, the oceans and the land hydrosphere commonly designated as hydrology. The excitation of polar motion is usually
studied by comparing the so-called geodetic excitation function derived by applying
the deconvolution procedure to the polar motion series determined by the space geodetic techniques, to the geophysical excitation series which are derived from geophysical
models. Significant progress in polar motion excitation studies could be achieved in recent years due to the availability of the time variable coefficients of the Earth’s gravity
field, determined by the satellite experiment GRACE as well as by the Satellite Laser
Ranging (SLR) observations. The reason is that the mass term of polar motion excitation components (χ1 , χ2 ) is proportional to time variable gravity coefficients (C2,1 , S2,1 ).
The mass term of polar motion excitation, derived from GRACE and SLR data, usually
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called the gravimetric excitation function, can be used to improve the excitation balance
of polar motion, particularly at seasonal frequencies, but also to constrain the global hydrology models. The investigations of the hydrological excitation of polar motion using
the excitation data from hydrological models and GRACE/SLR gravity data have been
performed by researchers from the SRC PAS in cooperation with the scientists from
JPL (Jet Propulsion Laboratory) and AER (Atmospheric and Environmental Research)
in USA. Nastula et al. (2015) made an analysis of the Hydrology Angular Momentum (HAM) functions derived from 11 solutions based on GRACE/SLR data, including
comparison to the geodetic excitation (Geodetic Angular Momentum – GAM) based on
the IERS C04 series after removal of the Atmospheric Angular Momentum (AAM) series based on the NCEP/NCAR reanalysis model and the Oceanic Angular Momentum
(OAM) series based on the ECCO-JPL ocean model (so-called geodetic residuals G-AO). Different HAM series have been compared to the G-A-O residual that was a base of
assessment of the quality of gravimetric solutions. In the next stage of research, Nastula
et al. (2016) performed analysis of the HAM functions derived from the GRACE RL05
solutions provided by three GRACE processing centers, the Center for Space Research
(CSR), the Jet Propulsion Laboratory and the GeoforschungsZentrum (GFZ). Comparison with the G-A-O residuals revealed significant differences between the three RL05
solutions which were attributed by the authors to different treatment of gravity signals
over ocean areas. The best agreement with the observed (geodetic) excitation was found
for the CSR solution. The impact of continental hydrology on polar motion had been
investigated in a comprehensive study by Winska et al. (2016). The HAM functions
were estimated from the GRACE RL04 and RL05 data and from different models of
global hydrology like the Climate Prediction Center (CPC), Global Land Data Assimilation System (GLDAS), National Oceanic and Atmospheric Administration (NOAA), and
Land Surface Discharge Model (LSDM). The authors considered not only the global values of HAM but also the regional hydrological excitations of polar motion. They found
that the maximum values of the excitation functions derived from hydrological models
and GRACE data have similar geographical patterns but the amplitudes are different.
Final conclusion from the comparison of geodetic residuals and global hydrological excitation functions of polar motion was that none of the considered HAM functions has
enough energy to significantly improve the agreement between the observed geodetic
and geophysical excitations. In the associated paper by Winska (2016), the hydrological
excitations of polar motion determined from different variables of FGOALS-g2 climate
model from CMIP5 project have been compared to geodetic residuals G-A-O at decadal,
inter-annual and multi-annual time scales. This analysis was completed by the consideration of GLDAS global hydrological excitation functions and GRACE gravimetric excitations. In the following work Winska et al. (2017) considered hydrological excitation of
polar motion using different variables from the GLDAS models. The main purpose of the
research was to check the individual contributions from different hydrological processes
such as evapotranspiration, runoff, snowmelt and soil moisture, to polar motion excitations at seasonal and subseasonal periods. In addition, they used time variable gravity
field solution from the GRACE experiment to estimate the hydrological mass component
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of polar motion excitation. A comparative analysis had been done for different regional
and global estimates of the HAM functions. Finally, the hydrological excitations were
compared with the geodetic residuals G-A-O to check how well the polar motion excitation budget can be closed. Sliwinska et al. (2018) investigated hydrological excitation of
polar motion using the global and regional estimates of Terrestrial Water Storage computed on the base of Coupled Model Intercomparison Project Phase 5 climate models,
GLDAS land hydrology models and observations from the GRACE satellite mission.
The hydrological excitation functions estimated from models were compared to those
based on GRACE data and to the geodetic residuals G-A-O. The comparison demonstrated that the GLDAS models of seasonal and non-seasonal TWS change are closer
to GRACE data than the climatic models, however, no one of the considered models is
fully consistent with GRACE results or with geodetic residuals. From analysis of different TWS components to the HAM function it could be concluded about the dominant
role of soil moisture.

3. Geodynamic phenomena
In 2013 the International Association of Geodesy celebrated its 150th anniversary at the
Scientific Assembly held in Potsdam. At this occasion the special issue of the IAG Symposia Series has been issued. Among the others, Kolaczek and Nastula (2016) presented
very interesting overview on developments of geodynamical studies related to the Earth
rotation in the XX century. They pointed the important scientific milestones and gave the
information about developments and organizational achievements in the considered field.

3.1. Study on local and regional dynamics using permanent observations
The research related to the local and regional dynamics of the Earth were presented in
two review papers (Brzezinski et al., 2016a and Brzezinski et al., 2016b). They described
in details engagements of two institutions (namely, Department of Planetary Geodesy,
Space Research Centre, Polish Academy of Sciences and Department of Geodesy and
Geodetic Astronomy, Warsaw University of Technology). Moreover, Pasik et al. (2016)
presented current state of the art of polar research carried out by the employees and
students of the Faculty of Geodesy and Cartography, Warsaw University of Technology. Remaining in polar research, Rajner (2018) presented a comprehensive study of the
present-day uplift rates of GNSS with geophysical predictions at the chosen stations in
Spitsbergen obtained height changes related to ice mass loss in Svalbard of 6 Gt/yr.
For many years equipment which has permanently been working at the Geodynamic
Laboratory of the Space Research Center in Ksiaz has been given very valuable data
concerning the dynamics of the Sudeten area. Kaczorowski et al. (2015) presented a
novel concept explored in the Laboratory by means of new techniques: short-range laser
scanning, precise electronic tachometric and interferometric measurements, precise ge-
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ometric levelling as well as gap gauges to complement currently working instruments.
All those activities are aimed at providing a complete information of the dynamic processes in the Ksiaz Massif: deformation of tectonic origin, tilts of the bed rock, vertical
movements and displacements on faults.
Several case studies concerning local geodynamics have been conducted. Among
the others, Szafarczyk and Gawalkiewicz (2016) performed a tensor analysis of ground
deformation in a landslide area. With the use of geodetic methods they measured and
analyzed the deformation on a landslide of a natural slope in Milowka and landslide
of the open cast mine Belchatow obtaining the values of the extreme deformations in
the GPS-based rosettes. Szafarczyk and Gawalkiewicz (2018) researched the industrial
chimney in the Bochnia Salt Mine. They analyzed changes in the deviation of the chimney’s axis from the vertical with the use of bisector methods surrounding the tangential
and laser scanning with total station. Szczerbowski and Piatkowska (2015) performed
research involving the linking of the results of Interferometric Synthetic Aperture Radar
(In-SAR) with those of levelling measurements, arising certain opportunities for interpretation by means of the determination of the vertical displacements: between levelling
measurement campaigns and areas or spots uncovered by levelling. Their case study
denoted Inowroclaw Salt Dome. Szczerbowski et al. (2016) found the horizontal displacements and deformation of shafts in Bochnia to be corresponding to similar effects
observed in the Wieliczka Salt Mine with a northward tendency despite the differences
between the geological and mining environments. Wajs and Milczarek (2018) presented
the observations of surface subsidence in the open pit mining area by Synthetic Aperture
Radar (SAR) active remote sensing technique. They found that the post-proceed satellite Line of Sight (LOS) displacement indicates vertical changes of the surface within
the dumping and excavation area. Szczerbowski and Jura (2015) presented the results
from the GPS/GNSS permanent stations of Legnica-Glogow Copper District (LGCD).
Referring to the Polish Active Geodetic Network (ASG-EUPOS) they observed the subsidence basin being shaped after mining tremors with the center located near the area
of epicenter. They found a vertical displacements of c.a. 10 mm at maximum. Milczarek et al. (2017) presented the results of surface displacements calculated with the
Persistent Scattered Satellite Interferometry (PSInSAR) technique for the area of the
former Walbrzych Hard Coal Basin (WHCB) in SW Poland. According to the analysis
of the ENVISAT-acquired radar images for the 458 track and for the 2002–2009 period they presented continuous surface displacements for the entire former mining site.
Blachowski et al. (2018) extended the area of interest to the selected zones from Czech
Republic and Poland presenting the comparative analysis of secondary deformations in
two former mining areas in the first period after cessation of underground hard coal
mining. Blachowski and Herkt (2018) enhanced the Walbrzych Hard Coal Mines Geographic Information System (GIS) for deformation research purposes. As the result, the
interactive maps with precise information on location and characteristics of underground
mining were developed. The system was also supplied by the query tools streamline preprocessing operations necessary for geospatial analyses. Blachowski (2016) investigated
the mining induced land subsidence with the use of weighted spatial regression method.
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The study concerned the former Walbrzych coal mine area and very long 1886–2009
observational period. The modelling has been performed in GIS with Geographically
Weighted Regression (GWR) method that allows for spatial variability of subsidence
factors. The four of the considered parameters (namely, thickness, inclination and depth
of coal levels and surface slope) turned out to be significant.
Two different areas of interest of Polish researchers covered two most dynamic orogens: Sudeten and Tatra Mountains. Walo et al. (2016) studied the Pieniny Klippen
Belt (PKB), which is situated in Southern Poland, being one of the main fault zones
on the boundary of the Outer and Inner Carpathians. The history of the geodetic measurements in this region reach early 60’s last century. They determined the horizontal
displacement in the PKB area based on GNSS as well as gravity (absolute) measurements. Szczerbowski (2016) searched for disturbances in daily GPS solutions possibly
sourced at tectonic stress. He used the ASG-EUPOS coordinates, drawing conclusions
that spatio-temporal evolution of horizontal displacements of ASG-EUPOS stations in
the Sudety Mts. and in adjacent areas are determined by expressions of underlying geological structures. Kaczmarek et al. (2016) summarized the epoch satellite GPS/GNSS
and gravimetric measurements from last 25 years in the regional research network GEOSUD, SILESIA, SUDETY and the local geodynamic polygons (“Snieznik”, “Stolowe
Mts.”). The data from crack-gauges on several tectonic faults were also included. As the
results they provided maps of vertical movements, with special attention being put on
the levelling lines which intersect Sudeten main tectonic faults.
The models of crustal movements play essential role not only in recognition of the
dynamic processed in the Earth’s interior, but also for constructing the kinematic reference frames for geodesy, which should follow the Earth’s dynamics. Kraszewska et al.
(2016) used the Satellite Laser Ranging (SLR) coordinates for analysis of the accuracy of
estimated parameters, which define the tectonic plate motions finding a remarkable concurrence agreement between their solutions and the APKIM 2005 model. The similar research has been conducted for global Doppler Orbitography and Radiopositioning Integrated by Satellite (DORIS) network (Kraszewska et al., 2018). Klos and Bogusz (2017)
analyzed the International GNSS Service (IGS) “repro2” contribution to the ITRF2014.
They employed the GPS position time series of 115 European stations between 1995 and
2015 with the minimum length of 10 years and estimated their velocities with associated
uncertainties. The determination of those uncertainties was followed by noise analysis
to take power-law dependencies in the position time series into consideration. Special
attention was paid to the Vertical Land Movement (VLM). Kowalczyk (2015) used data
from Polish Active Geodetic Network for the construction of a model of relative vertical
crustal movements in the Polish territory. In this research he focused on the changes of
vertical velocity between the chosen ASG-EUPOS stations. As a result, several models of relative vertical movements were evaluated and compared each other. Kowalczyk
and Bogusz (2017) gave an idea of determining the height changes with a use of Vertical Switching Edge Detection (VSED) algorithm. On the basis of the Least Squares
Estimation (LSE), the VSED method detects the discontinuities in time series and determines the values of jumps at the same time. They used the time series from Precise Point
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Positioning (PPP) solution obtained in the Nevada Geodetic Laboratory (NGL) using
satellite data gathered at more than 50 permanent stations located in Latvia, Lithuania
and northeastern Poland. The obtained vertical velocities gave an overview of a possibility of the proposed method to be used and the ongoing vertical movements. Kowalczyk
and Kuczynska-Siehien (2018) examined the relationship between vertical movements
of the Earth’s crust and variation in geoid heights. They used data from the Gravity Recovery and Climate Experiment (GRACE), precise levelling, tidal gauge observations
and GNSS stations providing the model of the vertical crustal movements of the Sudeten area together with geoid height variation. They concluded, that variations in geoid
heights do not exceed one-tenth of the vertical movements of the Earth’s crust in the considered area, what coincides with other determinations. The similar study was performed
for northeastern Poland (Kowalczyk and Kuczynska-Siehien, 2017). Kowalczyk (2017)
tested the correlation between the vertical crustal movements and temperature changes
on the example of selected vectors between permanent GNSS stations. As an example
he took two permanent ASG-EUPOS stations corelating the time series of height and
temperature concluding that the influence of thermal expansion of materials holding the
GNSS antenna on the estimated vertical crustal movements between the stations are of
0.1 mm/yr magnitude. Finally, Bednarczyk et al. (2018) solved the problem of identification of fiducial point in the subsequent levelling campaigns (precise and GNSS) by providing coherent database containing attributes of both types of data and automatization
of the joint point identification process. They presented the results of such identification
process, depending on the amount of data, on the example of the area of Poland.
Several numerical analysis on the geodetic time series aimed at reliable determination of the velocity (horizontal or vertical) were performed. Bogusz et al. (2016) proposed the methodology of reliable determination of the velocities of permanent GNSS
stations. They showed, that proper treatment of either deterministic or stochastic part of
the position time series will lead to the most reliable velocities along with their uncertainties. Rapinski and Kowalczyk (2016) proposed a new method for detection of discontinuities in the height component of GNSS time series. They proposed the Switching
Edge Detection (SED) algorithm based on the detection of the epochs in which step occurs and estimation of either vertical movement parameters or magnitude of steps by
preparing the model and Least Squares Estimation of the parameters. The performance
of this approach was shown using the ASG-EUPOS time series. Kowalczyk and Rapinski
(2018) continued the verification of a GNSS time series discontinuity detection approach
to support the estimation of vertical crustal movements. Using several triangles formed
from the GNSS permanent stations on the area of Poland and their loop misclosures
they confirmed the efficiency of the provided method. Finally, Kowalczyk and Rapinski
(2017) applied the Vertical Switching Edge Detection algorithm to all permanent GPS
station included in the ASG-EUPOS network. They found, that in the process of identification based on the loops misclosure criterion, there were 35 time series that fulfilled
the previously assumed criteria. Then, they performed the network adjustment of height
time series showing, that the accuracy of VLM of 0.5 mm/yr can be obtained from the
processing of GNSS navigation data.
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The time series analysis aimed at reliable determination of either velocity or its uncertainty is an inseparable part of kinematic modelling of the Earth’s dynamics. The incorrect interpretation of coordinate time series may provide the misinterpretation of the
geophysical processes in the Earth’s interior. Bogusz (2015) dealt with non-linear long
term trend revealing that many of GNSS stations experience the non-linear movement.
He used the final approximation of wavelet decomposition to mathematically describe
the long term trend of Precise Point Positioning solutions provided by the Jet Propulsion
Laboratory (JPL) using the GIPSY-OASIS software. He stated, that GPS-derived velocity inversions using wavelet approximation could be successfully compared to the elastic
deformation that was predicted e.g. with finite elements modelling aimed at approximating the geometry of the subduction, spreading or transition zones. Bogusz and Klos
(2016) analyzed another part of the functional model of the GNSS position time series
by means of seasonal changes. They proposed that the deterministic part should include
all periodicities from 1st to 9th harmonics of residual tropical, Chandler, and draconitic
periods and compared this approach with frequently used assumptions of the tropical
annual and semi-annual-only curves. They found that this approach to the subtraction
of seasonals caused the Akaike Information Criterion (AIC) values to decrease in the
median value of 30%. Finally, they noticed that there are some of the GPS stations that
improved their velocity uncertainty even of 56%. Several research concerned the considering of the amplitudes of oscillations as being time-variable. Bogusz et al. (2015a)
proposed to use non-parametric methods. They stacked 3D position times series from
JPL into data sets according to year (from January to December) and applied wavelet
decomposition using Meyer’s symmetric wavelet to prove that amplitudes of the annual
curve change in time. Following this idea Gruszczynska et al. (2016) and Gruszczynska
et al. (2018) proposed the Singular Spectrum Analysis (SSA) as well as its multivariate
variant (MSSA) to be optimal method for description of this variability, but with nonsignificant influence to the stochastic part as previously applied methods (e.g. wavelet
decomposition, Chebyshev polynomials, or Kalman filtering – numerical experiments
presented in details in the paper by Klos et al. (2018a)). Klos et al. (2018b) found that
the effects of insufficiently modeled seasonal signals will propagate into the stochastic
model and falsify the results of the noise analysis, in addition to velocity estimates and
their uncertainties. They provided the General Dilution of Precision (GDP) as the ratio
of velocity uncertainties determined from two different deterministic models while accounting for stochastic noise at the same time. Klos et al. (2018c) proposed a two-stage
method of subtraction of environmental (atmosphere, non-tidal part of ocean changes
and continental hydrosphere) loadings. They proved, that previous attempts failed by
changing the stochastic part significantly along with uncertainties of the permanent station velocity. Application of the Improved Singular Spectrum Analysis (ISSA) solved
this problem, which was demonstrated on the height changes of 376 permanent IGS stations, derived as the official contribution to International Terrestrial Reference Frame
(ITRF2014). Kaczmarek and Kontny (2018) proposed to estimate the seasonal signals
in GNSS position time series and environmental loading models with iterative LeastSquares Estimation (iLSE) approach. They used the Center for Orbit Determination in
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Europe (CODE) “Repro2013” coordinates revealing the high (0.5-0.8) correlation between Up component of GNSS-derived position and deformations from loading models.
Subtraction of the deterministic part from original position time series leads to obtain the residual part, being almost purely stochastic. However, this ideal case occurs
rare, so the residuals still contain some useful information to be extracted. Bogusz et al.
(2015b) used a 5-year span time series (2008-2012) of daily solutions in the ITRF2008
from Bernese 5.0 processed at the Military University of Technology EPN Local Analysis Centre (MUT LAC) to evaluate using L1 and L2 norms the so-called Common-Mode
Error (CME). It is defined as the superposition of the technique-dependent and environmental systematic errors in GPS-derived position time series. Consequently, Gruszczynski et al. (2016) proposed to use orthogonal transformation to subtract CME. They studied the Principal Component Analysis (PCA) with the existence of a non-uniform spatial
response in the network to the CME being assumed. They found improvement (by means
of better credibility) of accuracy of the determined velocity being accompanied by the
spatio-temporal filtering of position time series. Gruszczynski et al. (2018) introduced
for the first time in geodesy the probabilistic Principal Component Analysis (pPCA). It is
a method which allow the spatio-temporal filtering aimed at estimation and subtraction
of CME, but with no interpolation of the missing values. The efficiency of the proposed
algorithm was firstly tested on the simulated incomplete time series, then CME was estimated for a set of 25 permanent stations located in Central Europe. They found, that
more than 36% of the total variance represented by time series residuals can be explained
by the 1st Principal Component (PC). Since the other PCs variances turned out to be less
than 8%, they concluded that that common signals stored in the 1st PC are significant in
GNSS residuals. Finally, Kaczmarek and Kontny (2018) modelled the position time series with the use of Least-Squares Estimation (LSE) and the inverse continuous wavelet
transform (CWT).
3.2. Investigations of tidal phenomena
It’s been a tradition of the International Association of Geodesy to take patronage over
the so-called “Tidal Symposium”. The 18th Geodynamics and Earth Tides Symposium
2016 “Intelligent Earth system sensing, scientific enquiry and discovery” was held in
Trieste, Italy with more than 110 attendants from all over the World. It was organized by
the scientists worked under the umbrella of IAG Sub-Commission 3.1 “Earth tides and
geodynamics”, being currently chaired by Prof. Janusz Bogusz. The classical Earth Tide
Symposia were held since 1957, the 18th was the first with the word “Geodynamics”
being attached. The 2016 Symposium addressed a wide range of scientific problems in
geodynamical research and chose the interactions of geophysical fluids with Earth tidal
phenomena and observations as a specific focus (Braitenberg et al., 2018).
The gravimetric infrastructure of the Borowa Gora Geodetic-Geophysical Observatory of the Institute of Geodesy and Cartography, equipped so far with four LaCoste&Romberg model G gravimeters (three of them with modern feedback systems)
and the A10-020 field absolute gravimeter was enhanced in 2016 with a new iGrav-
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027 superconducting gravimeter. It was delivered to the Observatory at the beginning of
February 2016 and became fully operational in late April 2016. Sekowski et al. (2016)
presented major aspects of installation, preliminary results of initial data analysis as well
as a comparison with A10 measurements. The reliable results of tidal data processing are
expected soon.
After several years of break Borowiec laser station is back again to satellites tracking
with new possibilities and new perspectives. At the beginning of 2016 station completed
the quarantine procedure of the International Laser Ranging Service (ILRS). First results
from BORL station confirmed a high quality of observations (Lejba et al., 2016).
Concerning the determination of the tidal parameters from permanent observations
Jagoda et al. (2017a) estimated h2 and l2 (Love and Shida numbers of second degree)
parameters based on the analysis of the Satellite Laser Ranging data from the period
January 2013 to January 2015. The solution has been computed using the LAGEOS-1
and LAGEOS-2 data with two different approaches: separately and jointly for the two
satellites. The obtained values of tidal parameters are equal to: h2 = 0.6140 ± 0.0005
and l2 = 0.0876 ± 0.0002. Consequently, Jagoda et al. (2017b) determined the values of
k2 and k3 Love numbers using the same LAGEOS satellites and the period from January
2014 to January 2016. Moreover, in the paper the potential sources of the differences
in the values of the determined parameters are discussed. In the paper by Jagoda et
al. (2018) the considerations about obtained differences in the k2 and k3 values were
continued.

3.3. Research on hydrological processes
In Sec. 2 we reported on the investigations concerning the impact of hydrological processes on polar motion using data from global hydrology models and GRACE-based
satellite gravimetry data. However, also the regional effects due to the hydrological
processes have been studied in a period of 2015–2018 by Polish researchers, mostly
from the University of Warmia and Mazury (UWM). Birylo et al. (2015a) attempted
to evaluate local hydrosphere conditions using the data from satellite gravimetry mission GRACE and GOCO gravity model, with the purpose of prediction the flood and
drought events in Poland. They concluded that a combination of gravimetric and meteorological models yields more reliable modeling of water flow than the contributing
individual models. Birylo et al. (2015b) further extended this research by including geological data into the combination model of water flow. They developed a combined
geopotential model, expressed by the equivalent water thickness – EWT, from GRACE
data, meteorological WGHM model and geological data over the area of Poland. This
model served in turn as a base for a map of water risk for Poland. Rzepecka et al. (2016a)
applied the global land data assimilation system GLDAS for determination of groundwater changes in Poland. They evaluated two GLDAS parameters which are essential
for the context, namely the snow water equivalent (SWE) and the soil moisture (SM),
using four GLDAS sub-models, and then compared their estimates at two locations in
Poland. They found that the differences between the parameters estimated from the sub-

Earth rotation and geodynamics in Poland in 2015–2018

77

models are quite large, comparable to the size of the parameters themselves. This research was extended by Rzepecka et al. (2016b) by including the GRACE-derived EWT
and direct measurement of ground water level (GWL) variations in the estimation. Preliminary comparison between the GWL determined using GRACE data augmented with
GLDAS output parameters and direct measurements led the authors to the conclusion
that the method applied yield promising results and will be validated in future studies.
In the next stage of research, Rzepecka et al. (2017) performed extensive analysis of
groundwater level variations, water balance and all the associated hydrological parameters, like precipitation, evapotranspiration, surface run-off and subsurface run-off. This
analysis was done for the area of Sudety Mountains in the South-Western Poland, and
for the period between 2002 and 2015. The GWL variations were estimated by the use
of TWS values determined from the GRACE observations and GLDAS model with a
spatial resolution one by one degree and temporal resolution of one month. The authors found in the Sudety area a high average stability of total water storage over the
period considered with simultaneous decrease of groundwater level at a rate of about
1 cm/year. Birylo at al. (2018a) developed an algorithm for water budget prediction
using the Autoregressive Integrated Moving Average (ARIMA) models. A comparison
between a 12-month prediction and actual budget data provided a satisfactory assessment of the prediction method. The same statistical approach was applied by Birylo
and Pajak (2018) for analysis of geoid variation in the region of Three Gorges Dam
on the Yangtze River in China, computed as difference between the static gravity field
model EGM2008 and the time variable gravity observed by GRACE. The main purpose of the paper was determination of the trend in data and short-term prediction based
on ARIMA modeling. Birylo et al. (2018b) computed the water budget for the whole
territory of Poland from the GLDAS model by considering all the relevant parameters
including precipitation, surface run-off and evapotranspiration. Detailed tests were performed for the two areas adjacent to Lamkowko and Wroclaw stations and for the period 2009–2015. The estimated water budget was presented in a graphic form and interpreted.
The influence of hydrology on GNSS observations has been investigated by researchers from the Warsaw University of Technology (WUT). Zygmunt et al. (2016)
performed analysis of vertical displacement of 23 IGS stations divided into three groups:
inland stations, near shoreline and islands. The observed vertical displacements have
been compared to the modeled deformation computed from the surface loading caused
by continental water. A satisfactory agreement between the modeled and observed deformations could be found only for the inland stations. In case of other two groups of
stations the modeled values were much lower and weakly correlated with the observed
values. Rajner and Liwosz (2017) investigated seasonal signals in position time series
for selected eight GNSS sites in Poland. They used for the analysis the weekly GNSS
time series taken from homogeneously reprocessed global network solution and from
regional solutions performed by WUT. The modeled deformations were computed from
the GRACE-derived Total Water Equivalent (TWE) and from the output of Water GAP
Hydrology Model (WGHM). Comparison of the observed and modeled deformations
confirmed that the major part of observed seasonal variations for GNSS vertical compo-
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nents can be attributed to the hydrosphere loading. The horizontal displacements were
found about three times smaller than the vertical ones, and the conclusions their origin
were ambiguous.

3.4. Research on sea-level variations
Polish researchers continued during the term 2015–2018 investigations on modeling sea
level variations in both the global scale (mostly the members of the group of the University of Wroclaw) and the regional scale limited to Baltic Sea (researchers from UWM).
In the first case the research was a continuation of earlier studies leading to implementation at the University of Wroclaw of the near-real time system and service “Prognocean”
for sea level prediction. Recently, a new science-oriented version of this service, called
“Prognocean Plus”, based on the high performance supercomputing structure had been
developed at the Wroclaw Centre for Networking and Supercomputing of Wroclaw University of Technology. Swierczynska et al. (2016) compared predictive skills of these two
sea level forecasting systems and the third one called MyOcean which is a part of the European Copernicus Marine Environment Monitoring Service. The predictions from each
of three systems have been compared with Sea Level Anomaly (SLA) data using various
statistical indicators. The conclusion was that the data-based approaches used by Prognocean and Prognocean Plus show better performance in forecasting sea level variability
than the physically-based model of MyOcean. On the other hand, MyOcean resolves
irregular SLA changes better because its prognoses highly correlate with data. Niedzielski (2017) presented review on modeling and prediction of various features of marine
environment. He focused on several empirical time series methods (like data transformations, polynomial-harmonic models, autoregressive processes, prediction equations)
and some physical approaches (general circulation models and coupled air-sea models).
He also discussed common statistical measures used to evaluate models and the resulting
predictions. The reasons of imperfections in forecasting the sea level anomaly variations
were investigated by Kosek et al. (2016). After performing detailed analysis of seasonal
and subseasonal signals in the weekly SLA maps they could conclude that the main
cause of the increase of the SLA prediction errors is the phase variation of the annual
oscillation, which exhibits a random character to certain extent. Finally we should mention two works of the Wroclaw University team on estimation of the ocean reference
depth, its present-day value (Jurecka et al., 2016) and the depth-age relationship over the
geological time scale (Niedzielski et al., 2016).
A series of papers concerning sea level changes observed over the Baltic Sea basin
has been published by researchers from UWM. Pajak (2017) performed analysis of 5years long series of sea level anomaly data derived from the satellite observations for
three points of the Baltic Sea, two inshore points and one open sea point. The work
focused on seasonal variations using different statistical indicators. Further results concerning the estimation of sea level rise over the Baltic Sea from satellite altimetry data
was reported by Pajak and Birylo (2016). An extensive analysis of seasonal Baltic Sea
level changes was performed by Pajak and Birylo (2017) using the combination of satel-
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lite altimetry data, time variable gravity observations from GRACE mission, and terrestrial water storage estimates from GLDAS hydrology model. The estimation had been
done for three offshore locations in Poland. Pajak and Kowalczyk (2018) reported detailed analysis of the dynamics of sea level and of the associated physical phenomena
over the 5-year period 2010–2014 and for five Baltic Sea stations, Swinoujscie and Wladyslawowo in Poland, Helsinki in Finland and two open sea stations. They used in analysis the data of water temperature, salinity, sea level anomaly from satellite altimetry
and equivalent water height from GRACE observations.

4. Earth magnetic field
Systematic (continuous or repeated) magnetic measurements are the key element to understand and properly predict the changes in the Earth’s magnetic field. The elements
to be measured are: absolute geomagnetic field magnitude (F), magnetic inclination (I)
and magnetic declination (D). Welker (2015) presented the history of magnetic measurements in the Baltic Sea from the very beginning (the mid-1800s) to the present. The
discovered anomalies in a geomagnetic field in the form of charts were stored in the Atlas
of the Baltic Magnetic Charts. Welker and Reda (2016) presented the metrology of magnetic measurements with recent apparatuses. They described the checking and testing of
the instruments for geomagnetic measurements performed in a geomagnetic observatory
which holds trusted apparatus that participated in the relevant international comparison
campaigns organized by the International Association of Geomagnetism and Aeronomy
(IAGA). The Earth’s magnetic field distribution – both onshore and offshore – is complicated and variable in time, so it is essential to know the secular variation on the area
of interest. That is why, Welker et al. (2017) proposed a new project of the Baltic network of repeat stations and gave a solution for the instruments usable for quasi-absolute
magnetic measurements.

5. Summary
In this review article an outline of researches concerning Earth rotation and geodynamics
carried out by scientists from Polish scientific institutions from 2015 to 2018 is given.
Most of the research works on Earth rotation focused on the use of time variable gravity
data from GRACE satellite mission for constraining the hydrological excitation function
HAM and improving the excitation balance of the observed polar motion. That includes
research on seasonal components of polar motion but also the 14-month free Chandler
wobble. Also the regional effects due to the hydrological processed have been investigated using the output parameters from global hydrology models and GRACE-derived
time variable gravity data. Polish researchers continued also during the term 2015–2018
investigations on modelling sea level variations in both the global scale and the regional
scale limited to the Baltic Sea.
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In 2016 the Borowa Gora Geodetic-Geophysical Observatory was equipped with
superconducting gravimeter as the first of the Polish research station. After a couple
of years of inactivity the laser station at the Borowiec Astrogeodynamic Observatory
started to track the satellites. These were two unquestionable successes related to the
geodetic equipment. Plans related to the retrofitting of the Observatory in Ksiaz are advanced. Several measurements and analyses concerning local geodynamics in the Southern Poland were done, especially on the geodynamic network of the Sudety and Tatra
Mts. Furthermore, several Vertical Land Motion models of the area of Poland and the adjacent areas were provided which were based on the GNSS and levelling measurements.
Finally, the research on the Earth’s magnetic field in Poland with a special focus on the
Baltic Sea was performed.
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