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SUMMARY

Coordinate measurements, which are performed for monitoring of the parameters of the
Earth's orientation, contain information about geodynamic and geophysical processes. This
approach can use data obtained both by classical methods of ground-based astrometry and by
modern space technologies. In the series of astrometric observations, the following effects are
presented: 1) the effects of displacement of internal masses; 2) the influence of solar activity
on the rotation of the Earth and local changes in the gravitational field; 3) wave phenomena
in the atmosphere. These moments indicate the relevance of ground-based astrometry for
solving problems of deep geodynamics and monitoring of the atmospheric processes. We
have carried out investigation of the geophysical signals in the series of N-components of
local crustal displacements for 6 GPS stations, including Poltava. To identify such signals, we
compared slow variations of the N-component and shifts of the plumb line from observations
on the astrolabe in Poltava for the interval of joint observations (2002-2021). The comparison
results show: 1) Linear trends of parameter changes are opposite in direction. This can be
explained on the base of the hypothesis about the process of mass accumulation in the
geological structure designated as the Poltava riftogenic knot. 2) Cyclic components are most
likely due to the influence of the solar activity and their behavior on different segments of the
observation interval indicates that the dominant source of the perturbations of the both
parameters can change. We also have carried out a structural analysis of the N-components
for the 5 GPS stations. For all these stations, we revealed that periodicities are close to the
main cycle of solar activity, as well as periodicities characteristic of astrometric observations
in the range of 0. 33 - 6. 7 years. This means that in the results of GPS observations, as well
as in astrometric data, fluctuations in the global Earth-ocean-atmosphere system are
presented. The obtained results show the necessity for joint placement and using of the
various types of astrometric and GPS tools for adequate identification and modeling of the
sources of perturbing geodynamic processes.
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Introduction

Monitoring of the movement of the Earth's pole was organized by the International Latitude Service
established in 1899 on the basis of astrometric observations. By the mid-1960s, a global network of
ground-based stations was formed to determine the Earth's orientation parameters (EOP) - the
coordinates of the pole and the variations of the Earth's rotation rate. It covered about of 50 points and
was coordinated by the Bureau International de I'Heure (BIH, Paris) and the International Polar
Motion Service (IPMS, Mitsuzawa). The development of space technology for high-precision EOP
determinations led to the creation in 1988 of a new service, IERS, which eliminated astro-optical
measuring instruments. GPS-observations are an important component in the system of modern EOP
monitoring. Long-term astrometric series have become the object of research in order to study
previously unknown geophysical and geodynamic effects.

The purpose of the work is to show the possibilities of both classical and modern methods (GPS) for
coordinate measurements of organizing monitoring of geodynamic processes and identifying
geophysical influences. The results of investigations obtained by observations in the Poltava
Gravimetric Observatory (PGO) using the methods of classical astrometry and space technologies are
presented here.

Geodynamic and geophysical phenomena based on series of coordinates

The using of long-term astrometric series for extracting geophysical information became possible
after the progress in the accuracy of star catalogues and the theory of the Earth's rotation. Since
astrometric instruments have the local direction of gravity as their reference axis, the results of
observations respond to changes in the gravitational field. They also display stable atmospheric
processes through the influence of refraction. To study geodynamic processes and geophysical
influences in astrometric observations, as a rule, non-polar variations of local coordinates are used. By
analogy, when analyzing GPS data, we use the series of variations of local point offsets (N, E, U) in
the ETRF89 system [https://www.epncb.oma.be ]. Let us consider the most important geodynamic
and geophysical processes found in the long-term astrometric series, which are important for
monitoring.

1) Seismic events. Numerous studies by Chinese scientists, systematized in the work (Wang et al.,
2012), showed that local plumb lines of stations located near the sources of powerful earthquakes
experienced short-term anomalies that preceded seismic events. Similar regularities have been found
in the observatories of other countries. These facts provide grounds for the use of ground-based
astrometry in solving problems of deep geodynamics and, in particular, for predicting powerful
earthquakes in areas of increased seismic activity. The project for monitoring the underground mass
migration based on joint astrometric and gravimetric ground-based measurements is described in
(Yang et al., 2013; Li et al., 2014). Powerful seismic events (Tohoku, March 11, 2011) are also
displayed in local deformations of the earth's crust, which are recorded by GPS observations
(Mubarakshina et al., 2018). But with the high accuracy of GNSS data and the high density of GPS
receivers on the earth's surface, no anomalous signs have yet been identified in the deformations of
the earth's crust, which can be interpreted as a precursor of earthquakes. Nevertheless, the study of the
deformation response to such perturbations at various points will make it possible to refine the elastic
properties of the earth's crust.

2) Influence of solar activity. The phenomenon of solar activity has a noticeable effect on many
terrestrial processes in the atmosphere and ocean, including the rotation of the Earth (Gorschkov et
al., 2012) and variations in local plumb lines of observatories (Chapanov, Vondrak, 2010). 11-year
solar waves were detected in local variations of the Poltava zenith from observations on the prismatic
astrolabe (Khalyavina et al., 2018). Below, we consider this effect in more detail together with the
analysis of GPS data for the Poltava point and other stations.
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3) Atmospheric processes. Monitoring and analysis of anomalous refraction using the modern digital
zenith camera made it possible to establish characteristic fluctuations in the atmosphere, including
those with periods of 4, 6 hours, etc. (Hirt, 2006). 1t is possible that the observed anomalies of
refraction reflect wave processes caused by the propagation of acoustic gravity waves. Tracking these
processes additionally actualizes the use of modern ground-based astrometric instruments and
provides a basis for special studies of astrometric coordinate series in the high-frequency region of the
spectrum (less than 0.5 days)

Search for geophysical signals in series of the N-components of some GPS stations.

The results of GPS observations are mainly used to study global tectonic processes and local
deformations of the earth's crust at observation points. We tried to identify other effects in these data.
Firstly, a comparative analysis of the behavior of local variations of the Poltava zenith from
observations on the astrolabe and the N-component of the earth's crust deformations was carried out
(Khalyavina, Zalivadny, 2021). Joint astrometric and GPS observations were carried out in Poltava for
about 20 years (2001.5-2021.8). In Fig. 1(a) ZS - slow variations (T>6 years) of the Poltava zenith in
the meridian, NS - local displacement of the earth's crust. Figure 1(b) shows the quasi-cyclic
components of the ZS and NS curves after removing the linear trends.
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Figure 1 Slow displacements of the local zenith in the meridian from observations on the prism
astrolabe and the N-component of the deformations of the earth's crust in Poltava

The trend of the NS-curve is opposite in direction to the ZS trend. The negative ZS trend is typical for
the entire interval of observations on the astrolabe (1962-2021). It is shown that the decadal
displacements of both components can be due to the processes of deep mass build-up in the region of
the Poltava riftogenic knot, located north of Poltava (Khalyavina, Bulatsen, 2021).

The quasi-cyclic component of ZS can be explained by the influence of solar activity. Fig 2(a) shows
a stable dependence of ZA46 on the solar activity index SAI for the entire observation interval with the
prism astrolabe (1962-2017). It covers 20-24-th cycles of solar activity. Fig. 2(b) shows a fragment of
2012-2020 close-up. The nature of this relationship has not been reliably established. It is accepted
that solar waves in the series of coordinate variations are due to changes in the gravitational field
(Chapanov, Vondrak, 2010). But parallel observations of the latitude of Poltava on a zenith telescope
don’t reveal such dependence, in contrast to the coinciding decade components (Khalyavina, 2014).
Comparison of the cyclic components ZS and NS (Fig. 1b) over the entire interval shows that in
2002-2013 parameter changes were synchronous. Since 2014, noticeable discrepancies have arisen,
which since 2016 have taken the form of an antiphase.

The ambiguous behavior of the apparent changes in ZS and NS can be interpreted by the presence of
different local sources of disturbances, which depend on the influence of solar activity. So, in the first
half of the interval, the dominant source of coordinate disturbances was outside, because the
directions of displacements of the zenith and the earth's crust coincided. After 2014, the perturbations
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from the internal masses became decisive. An argument in favor of this assumption can be: 1) a jump
in the systematic part of the N-component by more than 2 mm at the beginning of 2014 and the
behavior of the plumb line, starting from 2016 (Fig. 2b). Since 2016, there has been an absolute
attenuation of solar activity, but the expected increase in ZS did not occur. On the contrary, the shift
of the zenith to the south continued.
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Figure 2 (a) Cyclic variations of Poltava zenith (ZA6) and normalized solar activity index (SAI);
(b) A detailed fragment of this dependence for the interval 2012-2020

To confirm the influence of solar activity on the results of GPS observations, we also analyzed the
variations in the N-component of 2 Ukrainian and 3 Polish GPS stations, the duration of observations
at which covers about 2 cycles of solar activity. Figure 3 shows the slow variations of the N-
components after removing the drifts of these stations.
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Figure 3 Slow variations of the N-component of stations: 1- Golosiyiv, 2 - Poltava, 3 - Mykolaiv, 4 -
Krakow, 5 - Wroclaw, 6 - Yozefoslaw

Fourier analysis reveals cycles with periods from 8.9 to 11.02 years and amplitudes of 0.3—-0.8 mm.
The spectral power of the indicated cyclicities for all stations exceeds 3%. For some intervals, the
changes of all curves are synchronous. But for the entire interval, the nature of the changes in the
curves does not coincide. The differences in the curves of slow changes in the N-components and the
ambiguity of the periods of "solar" waves are probably related to the local features of the sources of
disturbances caused by solar activity.

Also, the spectral analysis of the N-component series revealed for all stations the presence of such
stable periodicities: seasonal (annual and semi-annual), six-year, quasi-biennial, and high-frequency
harmonic with a period of 0.33 years. It is known that the same periodicities are present in many
astrometric series as well. So, comparison of the spectra of the meridional components of the zenith
displacements and the N-component in Poltava revealed cyclic oscillations with close periods of about
T=6.5; 3.15; 2.75; 0.90; 0.5; 0.32 years. These cycles reflect fluctuations in the global Earth-ocean-
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atmosphere system. Of particular note is the cyclicity of 0.33 years, which is also present in many of
astrometric data series, and coincides with the synodic period of Mercury's rotation.

Conclusions

1. Series of coordinate-hour measurements performed at present and in the past can serve as the basis
for monitoring various geodynamic and geophysical processes occurring in all geo-envelopes.

2. Ground-based astrometric instruments based on the modern technologies are important for solving
problems of deep geodynamics, predicting earthquakes, and studying wave phenomena in the
atmosphere.

3. In the data of both astrometric and GPS observations, geophysical signals appear due to the
influence of solar activity and global cyclic processes in the Earth-ocean-atmosphere system.

4. Installation of different types of instruments of coordinate measurements at one point gives
possibilities for more full and adequate interpretation of the measurement results and determination of
the source of disturbances.
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