
Abstract. The gravimetric model of the Slovak quasigeoid (GMSQ98A) was
determined using FFT techniques for numerical integration of Stokes formula. The
solution was tested at 42 GPS/leveling points. The 4th degree polynomial model was
used for reducing differences. The RMS after reduction of differences, was 6 cm
(Mojzeš and Janák, 1998). For the computation of the new gravimetric quasigeoid of
Slovakia (GMSQ98BF), the same point gravity data were used but with a 20" × 30"
(600 m × 600 m) grid and with a 6th degree polynomial model with 18 coefficients
for fitting. After rejecting 4 GPS/leveling points, the RMS value was 2.4 cm.

1. Introduction

The gravimetric computation of the quasigeoid is influenced by errors in the terrestrial
gravity data, errors in the reference global model and other errors due to various theoretical
approximations. All these errors can be studied by comparisons with GPS/leveling data and
appropriate modeling of the residuals (e.g. by surface polynomial fittings).

2. Basic gravimetric and physical characteristics of the area of Slovakia

The area of Slovakia is about 49 000 km2, and is located between 47.6° N, 49.6° N, 16.3° E,
and 22.5° E boundaries. The altitude varies from 100 m to 2660 m above sea-level. The free-air
gravity anomalies’ range is from -25 to 130 mGal, and the terrain correction reaches values of up
to 35 mGal.

VOL. 40, N. 3-4, pp. 211-217; SEP.-DEC. 1999BOLLETTINO DI GEOFISICA TEORICA ED APPLICATA
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3. Mathematical model used

For the computation of a gravimetric quasigeoid in Slovakia, a remove-restore technique is
used, i.e.

The first part in equation (1) is the contribution of a global spherical harmonic model, and the
second part comes from a residual gravity anomaly field (i.e., point free-air gravity anomaly, plus
terrain correction, minus global free-air gravity anomaly). The residual height anomaly ζRES was
computed with the formula

where

Δg* (ϕ, λ) is Molodensky's surface free-air gravity anomaly with atmospheric correction, δgt (ϕ,
λ) is the terrain correction, ΔgGM (ϕ, λ) is the contribution from the global model anomaly, ϕ is
ellipsoidal latitude, λ is ellipsoidal longitude, –γ is a mean normal gravity value and S (ψ) is
Stokes' function. For the solution of equation (3), the 2D planar FFT method was used (Schwarz
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Fig. 1 - Plus marks correspond to SLOVGERENET points used to test GMSQ98B. Marks in squares show rejected
points. Asterisks show  test points.
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et al., 1990)

where ΔG (u, v) is the 2D Fourier transform of the Δg grid, and u and v are the corresponding
spatial wavenumbers. The quasigeoid obtained by this method refers to a global datum. Height
anomalies at the GPS points were also computed as the difference between ellipsoidal height
hGPS and normal height HLEV by

The difference in height anomaly computed from GPS/leveling data and from the quasigeoid
model

may be quite large as a result of errors in the used global GM model, in the local gravity data, in
the GPS and leveling data, and the datum differences. These differences were modeled using a
general polynomial form
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Fig. 2 - Dependence of the RMS of the residual on the number of polynomial coefficients.
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where u=ϕ−ϕ0, v=(λ−λ0) cos ϕ, and ϕ0, λ0 are ellipsoidal coordinates of the center of the area,
and Qn,n are unknown coefficients determined by least squares fitting.

4. Data and software used

The following types of data were used for the computation of the quasigeoid model:
- point free-air gravity anomalies (222 225 points), together with terrain corrections in the area

of Slovakia,
- mean Bouguer gravity anomalies and mean heights and 5' × 7.5' grid spacing for areas outside

Slovakia up to 100 km from the borders.
The terrain correction was computed separately for each gravity point using a digital terrain

model with a 100 m × 100 m grid interval. For point and mean free air gravity anomalies the grid
interval 20" × 30" (600 m × 600m) was used. The horizontal position of anomalies was

δζ = + + + + + +Q Q u Q v Q uv Q u Q u vn n
n n
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Table 1 - Values after fitting.

Fig. 3 - Histogram of residuals.

(7)

Parameter Value

Number of points 42

Rejected points 4

Min. residual -0.044 m

Max. residual 0.035 m

RMS 0.024 m



transformed to the ETRF89 by a linear transformation model. The EGM96 global model, up to
degree and order 360 (Lemoine et al., 1996), was used for the computation of the global free-air
gravity anomalies. The quasigeoid solution was finally computed using the program “f388b.f”
(Rapp, 1994) and software package “GRAVSOFT” (Tscherning et. al., 1994).

5. Computation and fitting of quasigeoid with GPS/leveling heights

The computation principles outlined in Section 2 and the data described in Section 4 have
been used for the computation of a new gravimetric model of Slovak quasigeoid (GMSQ98B) in
the area between the boundaries 46°50' N, 50°30' N, 15°30' E, and 24°00' E. For the testing of
the quasigeoid, 42 GPS/leveled points of the Slovak geodynamic reference network
(SLOVGERENET), shown in Fig. 1, were used. The average distance between the points was 45
km. The GPS observations in the SLOVGERENET were performed in 1995, using Trimble dual-
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Fig. 4 - Residuals after polynomial fitting. Contour interval 0.01 m.

Table 2 - Results of test.

Point ζζGPS - ζζGMSQ98BF (m)

BRAT 0.042

PIES 0.004

SLIA -0.004

POPR 0.045

KICE 0.030

PRIE 0.002

ZILI 0.027



frequency type receivers only. The length of the observation session was 36 hours. The GPS
observations were processed using the Bernese, Ver. 4.0 software package (Beutler et al., 1996).
The Precise Ephemeris from the IGS/Centre for Orbit Determination in Europe was used for the
processing. The computation was performed as a free solution, which was connected to the
Wettzell ITRF site. The final solution was obtained by a linear transformation of the free solution
to the EUREF89 using the Wettzell, Graz, Onsala, Jezefoslav and Matera ITRF sites. The
standard deviation of the ellipsoidal heights was 1 cm.

All 42 GPS points were connected to benchmarks of the Slovak leveling network using
precise spirit leveling. The a posteriori standard deviation of the Slovak leveling network is
1.39mm/√−−

km (Seeger, 1997). The degree of the polynomial model used for the modeling of
residuals was chosen according to their corresponding RMS value. The dependence of the RMS
on the number of coefficients is shown in Fig. 2. Four GPS/leveling points KRHO, SKPL, SMRE
and INOV with residual values larger than 2.5* sigma were rejected. Results of this fitting are
summarized in Table 1.

The histogram of residuals is shown in Fig. 3 and their distribution on the area of Slovakia
is shown in Fig. 4. The final “corrected” quasigeoid GMSQ98BF is shown in Fig. 5.

6. Test of GMSQ98BF

The quasigeoid GMSQ98BF was also tested at 7 GPS points, shown in Fig. 1. The GPS
observations were carried out in a 24-hour time interval with a Trimble dual frequency receiver
at each point. Every GPS observation was processed by Bernese, Ver.4.0 software together with
Graz, Modra-Piesky and Jozefoslav observations. 

The GPS points were connected to benchmarks of the Slovak leveling network by precise
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Fig. 5 - Gravimetric model of Slovak quasigeoid - GMSQ98BF. Contour interval 0.2m.



spirit leveling. The differences between determined and interpolated height anomalies ranged
from -0.004 m to 0.045 m. The values of these differences are given in Table 2.

7. Conclusions

The GMSQ98BF is not the ultimate solution for the quasigeoid in Slovakia. Other
GPS/leveling points are needed for a more detailed analysis. Major improvements may be
reached by removing errors in the gravity data through corrections in old gravity measurements
in the area of Slovakia and abroad (in the surrounding countries).
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