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SUMMARY

The results of monitoring the vertical movements of the upper layer of the ground at the
geodynamic polygons of the Poltava Gravimetric Observatory in 2001-2020 are presented.
The main reason for the seasonal and slow variations of the land at the polygons are seasonal
and slow changes in soil moisture and the level of groundwater. The magnitudes of seasonal
vertical fluctuations differ significantly in different years and can reach 20 mm. The
interpretation of high-precision observations of the vertical land motion must necessarily take
into account the hydrological factor.
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Introduction

Monitoring of the land motions at geodynamic polygons of various purposes is performed mainly by
the methods of classical geodesy, global positioning system and interferometric synthetic aperture
(InSAR). Its purpose is to obtain the numerical characteristics of the movement of the land or
engineering objects under the influence of tectonic or anthropogenic factors. Modern interpretation of
deformation processes often takes place without taking into account the influence of natural
exogenous phenomena of meteorological origin on the dynamics of the ground. In the presence of
significant external movements, the interpretation of geodynamic processes can be significantly
complicated (Lyon et. al., 2018). This especially applies to the remote method of InSAR, the accuracy
of which reaches millimeters (Ferretti et. al., 2007), and the surface of the land is used as a reference
surface.

Methodology of observations

Monitoring of the dynamics of the ground was carried out at two special geodynamic polygons of the
Poltava Gravimetric Observatory located in Poltava and at the geophysical station in Sudiivka of the
Poltava district. Their location, size, and method of observation make it possible to exclude the
influence of anthropogenic and tectonic deformations on the results of observations. The soils at the
polygons are medium loamy. Spatial-temporal variations of the land on such soils are determined
exclusively by natural external factors and depend on the physical and mineralogical composition of
the soil, changes in its moisture and temperature, precipitation, features of evapotranspiration, the
depth of groundwater and fluctuations in its level. The listed factors can cause periodic, episodic and
slow movements of the land (Paviyk, 2010).

This work examines the results of monitoring the dynamics of the vertical component of the
uppermost land layer. For this purpose, the results of observations of benchmarks with a depth of
0+0.3 m and 0+1.0 m were used. These benchmarks are concrete monoliths with a diameter of 180
mm with a level mark in the middle and allow determining the movement of the ground relative to
borehole benchmarks with a depth of 6 m and 10 m, respectively, at the polygons in Poltava and
Sudiivka. Vertical movements are practically absent at the depth of the location of borehole
benchmarks. Therefore, the fluctuations of surface benchmarks largely reflect the dynamics of the
ground at their location. Observations in Poltava were carried out weekly, and in Sudiivka every two
months.

The vertical land motion was determined by repeated geodetic leveling, which is the most accurate
direct method of determining the difference in the heights of benchmarks on short bases. Monitoring
of hydrological parameters was carried out only at the polygon in Poltava. Soil moisture was
determined by the most accurate absolute gravity method, and the groundwater level was determined
in a special well located near the research benchmarks.

Results of observations

In figure 1 show the vertical movements of four benchmarks at the Poltava polygon, which were
determined from one leveling station during 2001 - 2020. The mean square error of one determination
of the position of the geodetic mark does not exceed 0.1 mm. According to geodetic observations, the
land makes seasonal movements of up to 20 mm. The movement of each benchmark consists of two
components: the integral movement of the soil layer between the top of the original geodetic mark,
which is at a depth of 5 m, and the integral movement of the benchmark itself with a length of 0.3 m
or 1.0 m. Therefore, seasonal movements of benchmarks with a depth of 0+0.3 m are slightly greater
than benchmarks installed at a depth of 1 m. Seasonal movements of the ground are caused by two
reasons: soil deformations due to changes in their moisture throughout the year and the phenomenon
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of soil freezing and thawing in winter and spring. The amplitude of periodic fluctuations of the land
can change significantly in different years, depending on the climatic features of a particular year.
Thus, in 2003, the seasonal vertical movement was almost absent due to abnormally heavy rains in the
summer period, which disrupted the usual annual course of soil moisture fluctuations. Despite the
differences in the magnitude of vertical motion of individual benchmarks in different years, the nature
of their movements remains the same. Without taking into account soil deformations in the winter
period, the moments of the greatest rise and fall of the land correspond to seasonal extreme values of
soil moisture (Paviyk et. al., 2019). Correlation coefficients between the vertical movements of any
two benchmarks are in the range of 0.80 - 0.93 with the length of the array of observations of almost
1000 values. This indicates the common causes that cause fluctuations of the land.

vertical movements, bench mark 5 (0+1,0 m)
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Figure 1 Vertical movements of benchmarks 5, 7, 8 and 35 in Poltava during 2001 - 2020. The dotted
line shows the trend of vertical movements, which is given by a third-order polynomial
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In figure 2 presents the variations of the main hydrological parameters that generate vertical
movements of the land at the geodynamic polygon in Poltava: soil moisture at the depth of installation
of surface benchmarks and fluctuations in the groundwater level. Soil moisture was determined in
percent as the ratio of the mass of water to the mass of dry soil in its upper layers with a thickness of
1.0 m and 0.3 m, respectively. Dependence between the values of moisture variations and vertical
movements in individual years of observation was not found. The reason for this is a significant
degree of locality of both vertical movements of the land and soil moisture. If the seasonal nature of
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vertical movements in Poltava is caused by seasonal fluctuations in soil moisture, slow movements
can be caused by changes in the groundwater level. A sharp decrease in the level of groundwater by
almost 100 cm for the period 2018-2020 caused a slow lowering of the land according to the results of
observations of all benchmarks.
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Figure 2 Variations of moisture in the soil layers 0+1.0 m, 0+0.3 m and the groundwater level at the
geodynamic polygon in Poltava during 2006 - 2022. The dotted line shows the trend given by the
third-order polynomial

In figure 3 shows the vertical movements of 12 benchmarks at the polygon in Sudiivka. The
magnitude of seasonal movements is the same as in Poltava, although the behavior of each of the
benchmarks has local features. The moments of the annual extremes of each benchmark practically
coincide with each other.
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Figure 3 Vertical movements of benchmarks in Sudiivka during 2001 - 2015. Benchmarks 2, 3, 4, 6, 7,
9, 10, 12, 13, 14 with a depth of 0+1.0 m; benchmarks 15 and 16 with a depth of 0-0.3 m
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In figure 4 shows the average movement of surface benchmarks 5, 7 and 8, which were observed in
Poltava and the average movement of all 12 geodetic marks in Sudiivka. The frequency of repeated
observations in Poltava is much higher than in Sudiivka. Therefore, in figure 4 shows only those
cycles of leveling in Poltava, which in terms of time best coincide with the moments of observations
in Sudiivka. Figure 4 confirms the practically identical values and common behavior of seasonal
vertical ground motion of exogenous hydrological origin at both polygons. After all, the correlation
coefficient of land movements at both polygons is 0.82, and according to Fisher's criterion, with a
probability no worse than 0.99, it can be asserted that there is a linear correlation between them.
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Figure 4 Average seasonal vertical land motion at the polygons in Sudiivka (curve 1) and Poltava
(curve 2)

Conclusions

The main reason for the variation of the vertical land motion at the geodynamic polygons in Poltava
and Sudiivka is the hydrological factor. Seasonal fluctuations of the ground significantly exceed the
slow ones and can reach 20 mm. Periodic movements in individual years may differ in magnitude by
several times due to hydrometeorological features of different years. Therefore, the existing
recommendations for performing repeated geodetic observations at polygons in the same period of the
year in order to remove seasonal movements will not always be effective. The obtained values of the
natural background of vertical movements of the annual period should be considered representative
for regions with medium loamy soils, which prevail in the central part of Ukraine. On more finely
dispersed soils, larger seasonal fluctuations of the land of hydrometeorological origin should be
expected. Vertical movements of hydrological origin must be taken into account when interpreting
high-precision observations in order to obtain reliable information about the dynamics of the land.
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