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EST-GEOID2017

By combining the gravimetric geoid, the bias and residual sur-
face model the Estonian national geoid model EST-GEOID2017 
was computed with one sigma standard uncertainty about 5 mm 
(Fig. 4).

Geoid model EST-GEOID2017 is distributed free of charge. In-
terested person shall sign the licence agreement, thus agreeing 
unilaterally with licensing conditions.

The license agreement is registered in the document manage-
ment system within 5 (five) business days. After the registration 
of the contract, the licensor will send to the licensee’s e-mail 
within 5 (five) working days the data necessary for the usage 
of the geoid model in ASCII format, as well as the registration 
number of the contract and the contract’s effective date.

Figure 4. The Estonian geoid model EST-GEOID-2017, obtained from the 
fitting of the gravimetric geoid model to 131 high-precision GNSS-levelling 
points. The standard deviation (SD) of 1-parameter fit residuals of ±6.5 mm 
was reduced to the SD of LSC fit residuals of ±4.2 mm. GRAVITY AND GEOID

Absolute gravimeter FG5X#221 in Suurupi 2017



Gravity frame EG2000

The Estonian gravity frame EG2000 assures accurate gravity val-
ues through the nationwide gravity network all over the country. 
The network is divided into 1st, 2nd and 3rd (designated as I, II 
and III) order points according to the stability, accessibility of the 
point and the accuracy of gravity value determined on the point. 

The gravity frame is fixed by the absolute gravity determinations 
at seven I order points by using free-fall JILAg and contempo-
rary FG5 absolute gravimeters. The uncertainty of gravity at 1st 
order points is equal or better than 100 nm/s². Hundreds of 2nd 
and 3rd order points have been connected to the I order network 
by applying relative LCR G and Scintrex CG5 gravimeters. The 
scale of relative gravimeters have been checked along special 
gravity calibration line connecting absolute gravity sites. The 
processing of observation data followed the International Ab-
solute Gravimeter Basestation Network (IAGBN) standards. The 
epoch 2000 has been used to reduce the postglacial rebound 
effect on gravity.

Figure 1.  Estonian gravity network to maintain national gravity reference 
frame EG2000. Absolute gravimeters have been used to determine gravity 
at I order points which have been connected to the II and III order points by 
using relative gravimeters (blue and red lines, respectively).

Gravity anomaly model

The historic (1949-1991) and new (1992-2017) gravity data, 
altogether about 144 000 gravity survey points, were used to 
compute the residual terrain model anomalies (RTMA). Based 
on the RTMA values of gravity points the grid surface model 
was compiled by using geostatistical prediction method (the 
least squares collocation). The RTMA surface model can easily 
be converted to the free-air, Bouguer anomaly models or the 
gravity model on land and water surfaces.

Figure 2. The gravity acceleration on land and water surfaces within 
the Estonian land and maritime borders derived from the gravity anomaly 
(RTMA) model. The mean value of gravity is 9.81796 m/s² (981796 mGal) 
and change from south to north about 0.0022 m/s² (220 mGal). 

The gravity data from neighboring countries (Finland, Latvia, 
Lithuania and Sweden) have been gained through the interna-
tional cooperation in the working groups of the Nordic Geodetic 
Commission (NKG). The new marine gravity data have been 
acquired from the international FAMOS (Finalising Surveys for 
the Baltic Motorways of the Sea) project.

Geoid model

The local terrestrial gravity anomaly model was combined with 
the global geopotential model by applying the Least Squares 
Modification of Stokes’ formula with Additive Corrections (LSM-
SA) method to yield the accurate gravimetric geoid model.

The differences between height anomaly (as approximate of 
geoid undulation) values with uncertainty about 5 mm at 131 
GNSS-levelling points and LSMSA gravimetric geoid revealed 
a constant bias of 56.14 ± 0.65 cm. The residuals after the 
removal of bias indicate systematic patterns (Fig. 3) which 
were modeled by using the least squares collocation predic-
tion method. By combining the gravimetric geoid, the bias and 
residual surface model the Estonian national geoid model EST-
GEOID2017 was computed with one sigma standard uncer-
tainty about 5 mm (Fig. 4).

Figure 3. Distribution of differences (after removing constant bias of 56.14 
cm) between gravimetric geoid and height anomaly values at the locations 
of 131 GNSS-levelling points. The coloured arrows denote locations of 
GNSS-levelling points. Units in mm.


