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Although the UCS-2000 system has been in operation for nearly 20 years, it is still not fully complete
- particularly in terms of its vertical component. Currently, the system is based on the Krasovsky
ellipsoid and uses the Baltic Height System. The development trend of modern geodetic systems is
oriented toward the creation and implementation of a unified global system, such as the various
realizations of the ITRS/ITRF, which provide a coordinate framework along with the ability to
determine geodetic heights.

The potential transition of the UCS-2000 system to the GRS80 ellipsoid would bring about numerous
changes. However, in this article, we aim to focus specifically on the impact of such a transition on
the transformants of the gravitational potential, which are widely used in geodesy, particularly in
work related to height determination — namely, gravity anomalies and height anomalies (quasigeoid
heights).

This study presents the differences in gravity anomalies and height anomalies calculated on the
GRS80 and Krasovsky ellipsoids. The resulting height anomaly differences indicate that, in the event
of transitioning the UCS-2000 system to the GRS80 ellipsoid, the values would change by
approximately 0.5 to 1 meter. These are significant differences that must be taken into account in all
works related to height determination.
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Introduction

Geodetic surveying serves as the foundation for a wide range of activities, including engineering
investigations, construction, territorial mapping, cadastral surveys, GIS applications, and others.
However, none of these tasks would be possible without a reference coordinate system. Currently,
several coordinate systems are used in practice in Ukraine, such as SK-63, SK-42, and UCS-2000.
The modern system that more and more geodesists are gradually adopting in their work is UCS-2000.
One of the key advantages of this system is the availability of precise transformation parameters
linking it to the ITRS and ETRS systems. This provides a significant benefit when performing GNSS
surveys, as it ensures the accurate determination of coordinates through transformation from global
systems to the national system — UCS-2000.

Although the UCS-2000 system has been in operation for nearly 20 years, it is still not fully complete
— particularly in terms of its vertical component. Currently, the system is based on the Krasovsky
ellipsoid and uses the Baltic Height System. The development trend of modern geodetic systems and
levelling networks (Sacher, Liebsch 2019) is oriented toward the creation and implementation of a
unified global system, such as the various realizations of the ITRS/ITRF, which provide a coordinate
framework along with the ability to determine geodetic heights.

However, this alone is not sufficient, as many applications require the use of physical heights — those
related to the Earth's gravity field — namely, normal or orthometric heights. It is worth noting that
active work is being conducted in this area toward the development of a global height reference
system, whose reference surface would correspond to a constant value of the gravitational potential —
the International Height Reference System (IHRS).

Taking into account all of the above, it is worth considering whether a change to the base ellipsoid
might be necessary to ensure effective interaction and integration of the UCS-2000 system with the
pan-European ETRS/ETRF system. Specifically, this would involve transitioning from the Krasovsky
ellipsoid to the GRS80 ellipsoid — a possibility that, for example, was discussed in a presentation by
Yu. Karpinsky (Karpinskyi, Vysotenko, & Kin, 2024).

Of course, such a transition would result in significant changes to existing cartographic products. It
should be remembered that one of the factors enabling the smooth transition from SK-63 to UCS-
2000 was the requirement that 1:100,000 scale maps remain unchanged. However, in the case of
switching to the GRS80 ellipsoid, this condition would no longer be met, and existing cartographic
materials would have to be reprocessed — requiring substantial financial investment and support from
the geodetic community. On the other hand, such a shift would lay a strong foundation for further
integration with the European system and would significantly facilitate geodetic work in the coming
decades.

The potential transition of the UCS-2000 system to the GRS80 ellipsoid would bring about numerous
changes. However, in this article, we aim to focus specifically on the impact of such a transition on
the transformants of the gravitational potential, which are widely used in geodesy, particularly in
work related to height determination — namely, gravity anomalies and height anomalies (Marchenko,
Kucher & Marchenko,2015; Dzhuman, Zablotskyi, 2020).

Method and/or Theory
For this study, two transformants of the gravitational potential were selected, which can be calculated
using the EIGEN-6¢4 gravity field model (Foerste et al., 2014) according to known formulas.

Equation 1 was used to compute the gravity anomaly, while Equation 2 was applied for the height
anomaly (Ince et al., 2019).
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where:

Ng(r,A,¢) — gravity anomaly at a given point,

¢(A,¢) — height anomaly (equal in absolute value to the quasigeoid height) at a given point.
R — mean Earth radius,

G —universal gravitational constant,

M — mass of the Earth,

A — spherical longitude,

@ — spherical latitude,

r, — geocentric radius vector to point on the ellipsoid,

r — geocentric radius vector at a given point,
C"um,S" i — fully normalized harmonic coefficients of the disturbing potential,

P, (sin @) — fully normalized associated Legendre functions,

n and m — integer numbers,
Nmax — degree and order of the gravity field model.

At the first stage, the boundaries of the area for which the calculations will be performed are selected,
along with the step size of the regular grid. The chosen area covers latitudes from 44° to 53° and
longitudes from 22° to 41°. A grid step of 6’ was selected, which satisfies the resolution requirements
of the degree/order 2160 model.

Subsequently, the values of the above-mentioned transformants were calculated at the specified points
for both ellipsoids — Krasovsky and GRS80. The parameters of these ellipsoids are presented in
Table 1.

Table 1. Ellipsoids parameters.

GRS80 Krasovsky
Semi-major axis, m 6378137.0 6378245.0
GM, m?/s? 3.986005¢e+14 3.986005¢e+14
Inverse flattening 298.257222101 298.3
Angular velocity, 1/s 7.292115e-5 7.292115e-5

After calculating all values on the two regular grids, it is necessary to perform a comparison by taking
the differences of each transformant at the corresponding points of the regular grid (see formulas 3,
4).

Ag = Aggrsso — A.gl(rasovsky 3

¢ = CGRrsso — Skrasovsky 4
Results

After completing all calculations, the results were presented in Figures 1 and 2. Figure 1 shows the
differences in height anomalies computed using the GRS80 and Krasovsky ellipsoids. The numerical
values are displayed using a color scale ranging from 0.5 m to 1 m. It can be observed from Figure 1
that the difference exhibits a linear trend, increasing from south to north, which can be logically
explained by the difference in flattening between the two ellipsoids. Figure 2 illustrates the
differences in gravity anomalies. The difference values fluctuate within the range of -1.5 mGal to 1.5
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m@Gal. It is also worth noting that, unlike the height anomalies, no linear trend is observed for the
gravity anomaly differences.
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Figure 1. Height anomaly differences constructed on GRS80 and Krasovsky ellipsoids.
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Figure 2. Gravity anomaly differences constructed on GRS80 and Krasovsky ellipsoids.
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Conclusions

This study presents the differences in gravity anomalies and height anomalies calculated on the
GRS80 and Krasovsky ellipsoids. The resulting height anomaly differences indicate that, in the event
of transitioning the UCS-2000 system to the GRS80 ellipsoid, the values would change by
approximately 0.5 to 1 meter. These are significant differences that must be taken into account in all
works related to height determination.

An analysis of the computed differences in gravity anomalies revealed that changing the ellipsoid
results in variations of approximately £1.5 mGal. In some cases, this may be considered acceptable
and fall within the measurement error. However, for high-precision applications requiring accuracy at
the level of 1 pGal, this change must be taken into account.

An analysis of both sets of differences revealed next facts. The height anomaly differences exhibit a
linear trend. This is logically explained by the fact that the ellipsoids have different flattening, and this
particular transformant is linearly related to the gravitational potential. In contrast, the differences in
gravity anomalies show a more uniform distribution and are less affected by the change of ellipsoid.
This is also supported by the fact that gravity anomalies represent the derivative of the gravitational
potential and are therefore more influenced by local variations in the potential rather than by its
absolute values.

The results obtained are important for the future development of the Ukrainian national coordinate
system, UCS-2000, and should be taken into consideration when making decisions regarding a
potential transition of UCS-2000 to the GRS80 ellipsoid.

References

Dzhuman B. B., Zablotskyi F. D. (2020). About the need of modernization the Ukrainian height
system. International Conference of Young Professionals «GeoTerrace-2020» 2020 (1), 1-5

Foerste, Christoph; Bruinsma, Sean.L.; Abrykosov, Oleh; Lemoine, Jean-Michel; Marty, Jean
Charles; Flechtner, Frank; Balmino, Georges; Barthelmes, Franz; Biancale, Richard (2014).
EIGEN-6C4 The latest combined global gravity field model including GOCE data up to degree
and order 2190 of GFZ Potsdam and GRGS Toulouse. GFZ Data Services.
https://doi.org/10.5880/icgem.2015.1

Ince, E. S., Barthelmes, F., Reilland, S., Elger, K., Forste, C., Flechtner, F., Schuh, H. (2019).
ICGEM - 15 years of successful collection and distribution of global gravitational models,

associatedservices and future plans. Earth System Science Data, 11, pp. 647-674.
http://doi.org/10.5194/essd-11-647-2019

Karpinskyi, Y. O., Vysotenko, R. O., & Kin, D. O. (2024, April 10). Ways of development of the
national geodetic reference system. Proceedings of GeoForum 2024, Lviv

Marchenko O. N., Kucher O. V., Marchenko D.O. (2015). Regional quasigeoid solutions for the
Ukraine area. Geodynamics, No. 2(19), pp. 7-14. https://doi.org/10.23939/jgd2015.02.007

Martina Sacher, Gunter Liebsch (2019). EVRF2019 as new realization of EVRS.
https://evrs.bkg.bund.de/SharedDocs/Downloads/EVRS/EN/Publications/EVRF2019_FinalReport
.pdf?__blob=publicationFile&v=4

International Conference of Young Professionals “GeoTerrace-2025”
6-9 October 2025, Lviv, Ukraine



