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Abstract. Different gravity reference frames, methods and instruments have been used by several institutions for conducting 
gravimetric measurements in Estonia within the past 70 years. Accordingly, a careful evaluation of the obtained gravity data is 
required before their use in applied science and scientific research. The focus of this study is on (i) the determination and elimination 
of discrepancies between different gravity datasets and (ii) the prediction of a high-quality gravity anomaly grid for the Estonian 
territory and adjacent areas.  

About 144 000 gravity points were evaluated with outlier detection and removal. Some high-resolution data sets were also 
low-pass filtered to meet the requirements of geodetic applications like the determination of regional and national geoid models. 
Remaining 31 850 high-quality data points (22% of initial data) with additional metadata were used in the compilation of the 
Estonian Gravity Database (EGDB). Recent international cooperation (NKG2015 geoid and FAMOS marine survey projects) 
resulted in additional 17 339 points in the neighbouring countries and marine areas. These were used as auxiliary data to the 
EGDB in the computation of gravity anomaly grids.  

The conversion of gravity data to the residual terrain model anomaly (RTMA) values is a novel approach to improve the 
prediction accuracy of the regional gravity anomaly grids in Estonia. The resulting RTMA model obtained for the Estonian territory 
from the least-squares collocation prediction indicates high accuracy (low uncertainty) according to the statistical estimates and 
geostatistical analysis. As examples, some gravity field-related products were derived from the RTMA model for possible application 
in geosciences and other fields. 
 
Key words: gravity reference frame, gravimetric database, gravity anomaly, residual terrain model anomaly, stochastic spatial 
prediction, least-squares collocation. 
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FAMOS – Finalising Surveys for the Baltic Motorways of 

the Sea 
GGM – global geopotential model 
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NKG WG-GHS – NKG working group of geoid and height 

systems 
PGS1955 –  Potsdam Gravity System realization in 1955 
PGS1960 –  Potsdam Gravity System realization in 1960 
RTM – residual terrain model 
RTMA – residual terrain model anomaly 
SBA – simple Bouguer anomaly 
SRTM – Shuttle Radar Topography Mission 
STDEV – standard deviation 
TalTech – Tallinn University of Technology 
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INTRODUCTION 
 
The magnitude g  g  of the gravity acceleration 
vector g along the plumb line is observed on (land, 
marine), above (air- and spaceborne) or below (sea 
bottom, borehole, mines) the Earth’s surface. The 
gravimetric information is required for numerous appli-
cations and researches not only in Earth sciences but 
also in metrology, planetary and space sciences. The 
gravity (also the gravity anomaly) values are commonly 
expressed in the CGS (centimetre–gram–second) acceler-
ation unit of mGal (1 mGal = 10 µm/s2). 

Terrestrial gravimetric measurements to map the 
gravity field over the Estonian territory have been 
conducted since 1939 (Sildvee 1998). The data are used 
in geosciences (e.g. geodesy, geology and geodynamics). 
On local and national scale, gravity data have been 
applied to gravimetric geoid modelling (Maasik 1952; 
Vermeer 1994; Jürgenson 1998; Ellmann 2001; Märdla 
et al. 2017, 2018; Ellmann et al. 2019), the realization of 
the national height system (Ellmann 1999; Rüdja 2016) 
and the geological mapping and geophysical modelling 
purposes (Maasik 1950; Gromov & Gromova 1968; All 
et al. 2004; Dmitrijeva et al. 2018). Estonian gravity 
data have also been used in international projects like 
Fennoscandian geophysical mapping (Korhonen et al. 
1999), the European geoid models EGG07 and EGG2015 
(Denker et al. 2009; Denker 2015), as well as in the 
Nordic–Baltic geoid models NKG96, NKG2004 and 
NKG2015 (Forsberg et al. 1997, 2004; Ågren et al. 
2016), and in the development of Earth Gravitational 
Models EGM96 and EGM2008 (Lemoine et al. 1998; 
Pavlis et al. 2012). 

Gravity data in Estonia have been collected by 
different institutions over the past 70 years (see a review 
in Ellmann et al. 2009). The data collected by different 
methods and equipment, following different standards, 
conventions and specifications, require evaluation before 
their use in the applications and the aforementioned 
scientific studies. All undesired systematic biases need 
to be detected and eliminated, followed by a conversion 
to a common gravimetric reference frame. Hence, a 
rigorously defined gravity system and a nationwide 
gravity network are needed. Nowadays, an accurate 
gravity network, based on absolute gravity values deter-
mined by modern free-fall gravimeters, provides an 
important reference frame for the quality check and the 
transformation of historical data to a modern gravity 
frame. 

The present study was partly motivated by the 
Nordic Geodetic Commission (NKG) that is using the 
gravity field data in geoid modelling for the needs of 
geospatial community and industry. A new NKG geoid 
modelling project NKG2015 was conducted within 

2011–2016 in cooperation between the Nordic–Baltic 
national mapping agencies and universities, coordinated 
by the NKG Working Group of Geoid and Height 
Systems (NKG WG-GHS; Ågren et al. 2016). The 
updated NKG gravity database (consisting of more than 
500 000 points from participating countries) was used 
for gravity anomaly field and geoid modelling com-
putations over the Nordic and Baltic countries and 
adjacent areas (Märdla et al. 2017). The responsibility 
of national representatives was quality check and sub-
mission of their national gravity data to the NKG gravity 
database. The majority of the present study gravity data 
were prepared within the frames of updating the NKG 
gravity database. Another important contribution to the 
national gravity database originates from the Finalising 
Surveys for the Baltic Motorways of the Sea (FAMOS) 
international cooperation project (FAMOS Consortium 
2014). The shipborne gravimetric campaigns in 2016–
2017 added nearly 6000 new gravity survey points along 
the Estonian western and northern coasts. The improve-
ments due to new marine data on coastal gravity field 
modelling are presented in this paper. 

The gravity values measured on or near the Earth’s 
physical surface are commonly converted to gravity 
anomalies by subtracting the normal gravity of the 
reference ellipsoid. The gravity data can be represented 
in several ways such as free-air or topographically 
corrected gravity anomalies. A regular grid of gravity 
anomalies is often needed for the aforementioned 
scientific and practical applications. Either deterministic 
methods or geostatistical approaches are used to predict 
the gravity anomaly values from irregularly scattered 
survey data.  

The motivation of this contribution was to provide 
input data in a model computation of gravimetric 
quasigeoid with uncertainty better than 1 cm. Two kinds 
of errors that propagated from the gravity data to the 
geoid modelling could be distinguished: (1) the omission 
error related to the spatial resolution of data and (2) the 
commission error related to random and systematic 
(correlated) noise components in data (see e.g. Jekeli 
2012; Farahani et al. 2017). To assess the effect of these 
errors, all gravity values transformed from the historical 
to the modern gravity frame were analysed to estimate 
their prior uncertainties and spatial properties (e.g. data 
resolution and autocorrelation). Different methods and 
different types of gravity anomalies have already been 
tested by Märdla et al. (2017) to predict the high-quality 
gravity anomaly grid over the entire Nordic–Baltic region. 
The present study uses the same gridding methods, but 
with the parameters adapted to the study area (Estonia 
and the border regions). The surface with location-related 
uncertainties of residual terrain model (RTM) gravity 
anomalies is modelled. The results are used for assessing 
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the suitability of available gravimetric information for 
accurate geoid modelling but also for geoscientific and 
other kinds of applications over the study area. 

 
 

ESTONIAN  GRAVITY  NETWORK 
 
The nationwide gravity network, developed and 
maintained by the Estonian Land Board (ELB), is based 
on the results of contemporary absolute gravimeters 
(Mäkinen et al. 2009; Oja 2012) and the International 
Absolute Gravimeter Basestation Network (IAGBN) 
standards (Boedecker 1988). The gravity network solution 
GV-EST95 was implemented in 2006 (Oja 2008). Corres-
pondingly, the gravity network of Estonia consists of 
1st-, 2nd- and 3rd-order (designated as I, II and III order 
in Estonian classification, see EME 2017) points, divided 
according to the estimated uncertainty of gravity values, 
and the stability and construction of the point. The 
accurate gravity reference values with uncertainty equal 
to or better than 0.01 mGal at the 1st-order points using 
different types of absolute (free-fall laser) gravimeters 
have repeatedly been determined from 1995 to 2017. 

The first absolute gravity campaign at three points 
(Suurupi, Tõravere and Kuressaare) was conducted in 
1995 with the free-fall gravimeter JILAg-5 operated by 
Finnish Geodetic Institute (Sildvee 1998). The acquired 
data were processed according to the IAGBN standards 
(FGI 2003). The used gravimeter JILAg-5 had been 
monitored periodically at the Finnish reference station 
Metsähovi (Olsson et al. 2019) and at international 
comparison campaigns (Marson et al. 1995; Robertsson 
et al. 2001) to ensure long-term stability, repeatability 
and traceability to the SI (International System of Units). 
Presently the 1st-order network consists of seven absolute 
points (see Fig. 1), whereas the gravity measurements 
with newer types of absolute gravimeters FG5 and FG5X 
have been performed in 2007, 2008, 2013 and 2017 
(Oja et al. 2009, 2017). These new absolute gravity deter-
minations are forming the base for the new nationwide 
gravity frame EG2000 (EME 2017). The differences 
between previous GV-EST95 and new EG2000 gravity 
frames have not been accurately determined yet, how-
ever, they remain within ±0.015 mGal according to  
the rough estimation based on the 19952017 absolute 
gravity results. 

 

 
 

Fig. 1. Configuration of the Estonian gravity network. The present 2nd- and 3rd-order (II and III) networks include also the
geodetic network points (red triangles). The geographic regions with labels referred in the text are also denoted. The distribution
of major roads is shown in the background (also in the figures to follow). This figure and the following ones were generated using
the Generic Mapping Tools software (Wessel et al. 2013). 
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The 1st-order network gravity values (with an 
uncertainty of ±6 µGal, according to the 1σ or 68.3% 
confidence intervals) served as a reference for the 
densification of the GV-EST95 2nd- and 3rd-order 
national gravity networks. The relative gravity con-
nections between the 1st-, 2nd- and 3rd-order network 
points were repeatedly measured by using several 
LaCoste&Romberg G and Scintrex CG-5 spring 
gravimeters in 20012006 (Oja 2012). The scale of these 
relative gravimeters has been regularly checked along 
the gravimetric calibration lines in Estonia and Finland 
(Oja 2016). The gravity values at the national gravity 
network points were adjusted by using (i) the results  
of absolute gravimeters at the 1st-order points and (ii) 
the calibration corrections of relative gravimeters in a 
weighted least-squares adjustment of the 2nd- and 3rd-
order networks. The uncertainty (1σ) of gravity at values 
on the 2nd- and 3rd-order points was estimated to be 
equal to or lower than ±50 µGal (Ellmann et al. 2009; 
Oja 2012). More than 280 1st-, 2nd- and 3rd-order net-
work points (Fig. 1) form a national gravity frame to 
check the quality of historical data and make trans-
formations (from historical to modern gravity datum) as 
well as for conducting new gravity surveys. 

 

 
REVIEW  OF  GRAVITY  DATA 

Gravity  surveys  in  19492017 
 
The first nationwide gravity survey was conducted 
along roads by the Institute of Geology (IG) of the 
Estonian Academy of Sciences in 19491958 (Maasik 
1959; Ellmann et al. 2009). The uncertainties from ±0.5 
to ±0.8 mGal for gravity values, ±0.5 to ±1.5 m for 
height and about ±50 to ±100 m for the map-based 
horizontal positioning of the 4195 survey points were 
estimated (Sildvee 1998). The corresponding reference 
network was established in 19551957 by connecting 
it with the USSR gravity datum points in the inter-
national Potsdam Gravity System (Maasik 1958). This 
realization of the Potsdam system is hereinafter referred 
to as PGS1955. In 1999 the systematic difference of 
+15.4 mGal between the historical PGS1955 and modern 
frame GV-EST95 was found by Sildvee & Oja (1999). 
Accordingly, the constant correction of –15.4 mGal 
was added to the historical gravity values, whereas 110 
erroneous survey points were removed during the 2007 
update of the IG database (Ellmann et al. 2009). For 
decades the IG regional gravity database has been exten-
sively used for geological mapping and geoid modelling 
purposes (Maasik 1952; Vermeer 1994; Lemoine et al. 
1998; Ellmann 2001; Jürgenson 2003; All et al. 2004). 

Another gravity survey programme that supported 
geological mapping was initiated in 1965 by the 
Geological Survey of Estonia (GSE) (Gromov & 
Gromova 1968). This programme ended in 2007 and 
resulted in extremely dense gravity data (about 34 points 
per km²) over the northern and western parts of Estonia, 
including the largest islands of Saaremaa and Hiiumaa. 
Initially, the GSE surveys were based on a realization of 
the Potsdam Gravity System established in the USSR in 
the 1960s, hereinafter referred to as PGS1960. In the 
1980s the gravity values of USSR reference points in 
the international gravity system IGSN71 were used and 
older datasets were converted to the IGNS71 by using 
the constant correction of –14.0 mGal, determined in 
Potsdam (Morelli et al. 1971; Oja 2007). In 2005 another 
conversion of GSE data from IGSN71 to GV-EST95 
was done by removing an offset of 0.08 mGal (e.g. All 
& Gromov 2005). In 2008 the GSE gravity database 
contained information on about 126 609 survey points. 
Their estimated uncertainties are from ±0.1 to ±0.5 mGal 
for gravity values, ±0.15 m for height and from ±10 to 
±50 m for the horizontal position (Ellmann et al. 2009). 

According to an evaluation by Ellmann et al. (2009), 
the IG database gravity values in some areas appeared 
to be inaccurate, systematically biased and therefore 
unusable for accurate prediction of gravity anomaly grids 
and geoid modelling. As a result, the majority of the IG 
database was removed from the present study. Only a 
few hundred historical IG survey points (about 10% of 
the initial data set) were retained in border areas and 
remote regions of Estonia where sparse or no other data 
are available. Conversely, the GSE gravity measure-
ments proved to be a usable data source with ±0.2 to 
±0.5 mGal uncertainty of gravity values (ibid.). 

Gravity datasets for the areas with limited access 
(Gulf of Riga, lakes Võrtsjärv and PeipsiPihkva, 
EstonianRussian border, see Fig. 1) have been digitized 
from the historical gravimetric maps of the Ministry of 
Geology of the USSR (Jürgenson 2003). These historical 
maps presented either survey points with observed values 
(Gulf of Riga, lakes PeipsiPihkva and Võrtsjärv) or 
measured/interpolated gravity anomaly values (Estonian 
Russian border, Russian territory).  

In 20062017 several new gravity surveys were 
conducted by the specialists and students from the ELB, 
Estonian University of Life Sciences (EULS) and 
Tallinn University of Technology (TalTech) to replace 
unreliable IG survey data and to fill data voids in the 
SW, southern, central and SE parts of Estonia (Ellmann 
et al. 2009; Türk et al. 2011). Several gravity surveys  
on the ice of frozen water bodies (lakes Võrtsjärv and 
PeipsiPihkva, Gulf of Riga, Narva Bay, West Estonian 
Archipelago) were conducted in 20092013 to validate 
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historical data and fill data gaps over the coastal marine 
areas (Oja et al. 2011; Märdla et al. 2016). In 20062017 
approximately 3200 new gravity survey points were 
observed within the territory of Estonia and along the 
EstonianLatvian border (Table 1). 
 
Estonian  gravity  database 
 
The process of collecting and analysing the existing 
gravity data (together with relevant metadata) in Estonia 
was initiated in 2008 (Ellmann et al. 2011). A national 
gravity database with 136 195 points covering the 
Estonian territory was compiled in 2010–2011. In 2013 
this work was continued with the compilation of the 
Estonian gravity database (EGDB) and delivery of the 
updated gravity data to the NKG2015 geoid modelling 
project. In 2014 more than 143 000 gravity data points 
were collected, evaluated and prepared as input data to 
the EGDB (Talvik & Oja 2014). During gravity field 
and geoid model computation it became evident that the 
density of GSE gravity data distribution was higher than 
needed in geoid determination and caused computational 
burden in data processing. Therefore a downsampling 
filter was applied to select the most reliable single data 
point (by using the uncertainty of the gravity value) in 

every 1 km² cell. Figure 2 demonstrates that within each 
cell the gravity data point with the lowest uncertainty 
value is retained after the downsampling which thinned 
the original data set by 84%, from 128 781 points to 
20 841 points (Talvik & Oja 2014; Märdla 2017). 

In the EGDB the following attributes were attached 
to each gravity point: unique id and project id (survey 
job) numbers, position (latitude, longitude), normal and 
ellipsoidal heights, gravity and uncertainty for the last 
five quantities. Also other metadata, including project 
description and references to original publication, were 
attached if such information was available (Talvik & 
Oja 2014). The original gravity observations were 
converted to the contemporary gravity frame GV-EST95 
(see the section ‘Estonian gravity network’). Conversion 
parameters for different datasets were applied for that 
purpose (see Table 1). The geodetic latitude and longitude 
were referred to the Estonian realization of the European 
Terrestrial Reference System ETRS89. The heights were 
referred to the Baltic Height System 1977 (BHS77), i.e. 
to the conventional zero of the Kronstadt tide gauge. It 
should be noted that the Estonian territory is affected by 
the Fennoscandian post-glacial rebound (e.g. Kall et al. 
2014). Even though the gravity measurements have been 
performed over a relatively long time span, any temporal 

 
 

Table 1. The main data sets comprising the Estonian gravity database (EGDB) 
 

No. Data set 
(Nordic Geodetic Commission – 

NKG gravity database source No.) 

Observation 
time 

Observed 
points/Stored in  

the EGDB 

Uncertainty of the position, 
height and gravity (with 
lower and upper limits) 

Original gravity 
datum (constant 

correction to  
GV-EST95) 

1 Institute of Geology of the 
Estonian Academy of Sciences 
(No. 339) 

1949–1958 4195/435 (10%) ±50 to ±100 m, 
±0.5 to ±1.5 m, 
±0.5 to ±0.8 mGal 

PGS1955 
(–15.4 mGal) 

 
2 Geological Survey of Estonia 

(No. 681) 
1965–2007 128781/20834 

(16%) 
±10 to ±50 m, ±0.15 to 
±0.50 m, ±0.1 to ±0.5 mGal 

PGS1960 
(–14.08 mGal) 

 
3 Ministry of Geology (MG) of the 

USSR (northwestern Russia, 
Gulf of Riga) 

(Nos 618, 620, 689) 

1960–1970 6561/6158 (94%) ±20 to ±80 m, 
±1.5 to ±4.5 m, 
±2.0 mGal 

PGS1960 
(–14.0 mGal) 

 

4 MG (lakes Peipsi–Pihkva, 
Võrtsjärv) 
(No. 619) 

1987–1988 891/882 (99%) ±60 m, 
±2.0 m, 
±0.60 mGal 

PGS1960 
(–14.0 mGal) 

5 Surveys by the ELB, EULS, 
TalTech (Nos 310, 311, 315–
318, 324, 334, 682–688) 

2006–2017 2822/2821 
(99.96%) 

±0.10 m, 
±0.15 m, 
±0.10 mGal 

GV-EST95 
(0.0 mGal) 

6 Surveys by the ELB, EULS 
(not included in the NKG 
database)  

2014–2017 720/720 (100%) ±0.10 m, 
±0.15 m, 
±0.10 mGal 

GV-EST95 
(0.0 mGal) 

_________________________ 

Remarks: New surveys from 2006 to 2017 have been conducted by the Estonian Land Board (ELB), Estonian University of Life 
Sciences (EULS) and Tallinn University of Technology (TalTech). PGS1955 and PGS1960 represent the realizations of the 
Potsdam Gravity System in 1955 and 1960 in Estonia. GV-EST95 denotes the Estonian national gravity system. 
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changes in the position, height and gravity components 
were not considered in this study. This is due to the fact 
that the accuracy of these components of the most of 
gravity survey points is generally poorer than the overall 
range of the land rebound effect – the largest impact is 
expected on the height component, with a maximum of 
about 15–20 cm over 50 years in Estonia. 

In June 2014 the EGDB extracted dataset (consisting 
of about 31 130 gravity points) was delivered to the NKG 
gravity database (to be introduced below). Additional 
720 gravity survey points, measured by the gravity teams 
of the ELB, EULS and TalTech in 2014–2017, were 
included in the EGDB in 2017 (Table 1). 
 
Gravity  data  from  the  international  cooperation  
and  global  gravity  field  models 
 
The accurate prediction or gridding of a gravity field 
model needs gravity data also from the adjacent regions 
of the study area. For instance, according to Ellmann 
(2005), gravity data are needed 2°–3° outside the target 
area for the accurate determination of the gravimetric 
geoid. Therefore  substantial effort has been put into the 
collection of gravity data over coastal marine areas and 
the digitization of the historical gravity anomaly maps 
(e.g. northwestern parts of Russia). Another effort to gain 
up-to-date, accurate data from neighbouring countries 
(Finland, Latvia, Lithuania, Russia and Sweden) has been 
made through the international cooperation, e.g. in the 
working group of geoid and height systems of the Nordic 
Geodetic Commission (NKG WG-GHS). New marine 
gravity data have been acquired within the international 
FAMOS project. 

Gravity data along the western and northern coasts 
of Estonia were collected during the Baltic Sea airborne 
survey organized by the NKG in 1999 (Forsberg et al. 
2001). About 17 400 points with formal uncertainty of 
±0.15 m for the 3D position and ±2 mGal for gravity 
values were collected. However, comparisons of different 
data sets revealed that the discrepancies between aero-
gravimetric and land gravity control data exceeded 
2 mGal along the western islands and northern Estonian 
coast (Oja 2018). The 1999 airborne campaign took place 
in relatively hot summer conditions, with turbulent flight 
conditions over land, but more smooth conditions over 
sea (Forsberg et al. 2001). Apparently, this explains  
the increased noise level of aerogravimetric data. The 
respective parts of the tracks (altogether 132 airborne 
survey points) nearby the coast and over land were 
flagged as outliers and removed from further analysis 
and computations. 

Additional gravity data were obtained by two 
FAMOS marine gravity campaigns conducted along the 
Estonian coasts in 2016–2017 (Ellmann et al. 2016; 

Varbla et al. 2017). In cooperation with Danish National 
Space Institute (DTU Space, Technical University of 
Denmark), two shipborne gravity surveys were conducted 
with the Russian manufactured Chekan-AM marine 
gravimeter and Global Navigation Satellite System 
(GNSS) receivers on ship. The uncertainties of the 3D 
position and gravity were estimated to be around ±15 cm 
and ±1 mGal, respectively (Olesen & Kasenda 2016; 
Olesen 2017). The marine gravity data of 2016 included 
many repetitive measurements since the gravity campaign 
was collocated with the hydrographic surveys in the 
West Estonian Archipelago. The hydrographic vessel was 
often anchored or slowly drifting. As a result, the 2016 
survey points were low-pass filtered (not to be confused 
with the filtering used in raw data processing) by 
averaging the value over the 0.005° N × 0.01° E cell size, 
which reduced the data set from 8421 to 2530 points. 
There was no need to apply such a low-pass filter to 
the 2017 marine data (consisting of 3450 points) since the 
sole purpose of the shipborne campaign was gravimetric 
survey (lasted 72 h with vessel’s velocity of 8–9 knots). 

An international project for modelling a new NKG 
geoid NKG2015 for the Nordic–Baltic region was 
initiated by the NKG WG-GHS in 2011 (Ågren et al. 
2016; Märdla et al. 2017). During the project every 
participating country modernized, updated and quality 
checked the national gravity data before the delivery to 
the NKG gravity database. Relevant geodetic reference 
systems and epochs were treated as rigorously as 
possible. Further analysis of the NKG database coverage 
revealed a large data void in the eastern end of the Gulf 
of Finland (see Figs 3–5). No gravity data over the 
region stretching from 59.5° to 61.5° N and 25° to 30° E 
were available for the study. To improve the gravity 
anomaly prediction in the region, a patch was created to 
fill the data void using one of the latest global gravity field 
models. The GOCE (short for Gravity field and steady-
state Ocean Circulation Explorer), GRACE (Gravity 
Recovery and Climate Experiment) and LAGEOS  
(Laser Geodynamics Satellite) based satellite-only global 
geopotential model (GGM) GO_CONS_GCF_2_DIR_R5 
(Bruinsma et al. 2013) was selected and series 
expansion with degree and order of 240 was evaluated 
to fill the data void with ‘pseudo-observed’ data in a 
regular 0.1° × 0.2° grid (Märdla 2017). 
 
Spatial  distribution  and  analysis  of  data 
 
The present review and analysis of gravity data from 
Estonia and adjacent areas were carried out in 2017 with 
the aim of preparing input data necessary for the model-
ling of a new national geoid model EST-GEOID2017 
(Ellmann et al. 2019). Both the national and international 
data sources with metadata (with source description) 



T. Oja et al.: Gravity anomaly field over Estonia 

 61

were inspected to avoid duplicate data points and detect 
possible biases between different data sets. For data 
analysis and gravity field modelling the study area 
around Estonia (with 49 189 gravity data points) was 
selected for latitude from 56.5° to 60.5° N and for 

longitude from 20° to 30 E°. The geographic distribution 
of the available land, lacustrine and marine (on ice 
and at the bottom, shipborne) and airborne gravity data 
points is shown in Fig. 4. Their formal uncertainties in 
Fig. 5 reveal expectedly that the most accurate data have  

 

 
 

Fig. 2. The Geological Survey of Estonia gravity data before (left-hand side) and after (right-hand side) downsampling using
the formal uncertainty estimates of gravity points: red –0.2 mGal, grey –0.3 mGal, blue –0.5 mGal (from Märdla 2017, p. 42). 

 

 

 
 

Fig. 3. Distribution of gravity data sets acquired in 1949–2017 in Estonia and its surroundings (see Table 1). Data have been
measured by the Institute of Geology of the Estonian Academy of Sciences (IG), the Ministry of Geology of the USSR (MG) and
the Geological Survey of Estonia (GSE). Gravity data from neighbouring countries and marine areas have been gained from the
database of Nordic Geodetic Commission (NKG) and the Finalising Surveys for the Baltic Motorways of the Sea (FAMOS) project. 
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Fig. 4. Types of gravity observation methods. 

 

 
 

Fig. 5. The formal uncertainty estimates of gravity data in the national/international gravity databases. 
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been measured on land (mean uncertainty 0.54 mGal). 
Less accurate results have been obtained from shipborne 
(mean uncertainty ±0.8 mGal) and airborne (uncertainty 
±2.0 mGal) gravity measurements over the Baltic Sea. 
Within the Estonian land and maritime (territorial 
waters) boundaries the mean uncertainty of gravity 
survey data is about 0.48 mGal, which is lower than 
the mean uncertainty 0.75 mGal of all data (see Fig. 5). 

The data density over the majority of the mainland 
and the islands of the West Estonian Archipelago is 
rather good (more than 1 point per 10 km², see Fig. 6) 
and should satisfy the requirements for geoid modelling 
with 5 mm precision (e.g. Ellmann et al. 2019). The data 
density is less satisfactory over the southern mainland 
and some marine regions (less than 4 points per 100 km²) 
where the accurate gravity anomaly prediction could be 
problematic. This problem aggravates in areas where the 
gravity field is rough or demonstrates large horizontal 
gradient values. 

 
 

PREDICTION  OF  GRAVITY  ANOMALIES 
 
The gravity measured on or nearby the Earth’s physical 
surface deviates from the theoretical normal gravity 
which models the gravity acceleration of the reference 
ellipsoid. The observed gravity values can be represented 
in several ways – via free-air, Bouguer or topographically 
corrected gravity anomalies. Observations are reduced 
to gravity anomalies in such a way that the subsurface  
geophysical features under study stand out as correctly 
as possible. 

For applications like regional geoid modelling a 
regularly spaced gravity anomaly grid is generally 
needed as input data (e.g. Jürgenson 2001; Ellmann 2002; 
Märdla et al. 2017). Either spatial 2D interpolation 
functions (deterministic methods) or geostatistical model-
ling (stochastic methods) are used to predict the gravity 
anomaly values at the grid nodes. In Märdla et al. (2017) 
continuous curvature splines, triangulated irregular net-
work, kriging and least-squares collocation (LSC) were 
tested to predict the gravity anomaly grids over the 
Fennoscandian and Baltic regions. The same study also 
evaluated free-air, Bouguer and residual terrain model 
(RTM) anomalies to investigate the stochastic behaviour 
and the prediction accuracy of these types in grid 
computation. It was concluded that RTM anomalies 
coupled with the LSC prediction method lead to a 
gravity grid with the highest quality (ibid.). It will be 
shown here that similar conclusions with RTM anomalies 
predicted by using the LSC method hold over Estonia 
as well.  

As a first step, the free-air or surface FA
Pg  (FAA) 

and simple Bouguer SBA
Pg  (SBA) anomalies are con-

ventionally computed (e.g. Heiskanen & Moritz 1967, 
Eqs 7–8, 3–19): 
 

*
0 0.3086FA

P P Q P Pg g g H       
         

(1) 
 
and 
 

* *2 0.11196 ,SBA FA FA
P P P P Pg g G H g H           (2) 

 

where gP is the gravity value on or above the topo-
graphy at the point P (at the normal height *

PH  relative 
to quasigeoid, unit in metres), γ0 and γQ are the normal 
gravity on the International Geodetic Reference System 
1980 (GRS80) ellipsoid and at the point Q on the 
telluroid (at the height *

Ph H  above the ellipsoid), 
G ≈ 6.674 × 10–11 m³/s²kg is the gravitational constant 
and  is the density (set to the constant value 
ρ ≈ 2670 kg/m³) of an infinite Bouguer plate with 
thickness *

PH . Although reduced in magnitude (compared 
to the initial gravity value itself), the free-air and 
Bouguer anomaly fields can still be rough and correlated 
with height. That is why the gridding with these types  
of anomalies is not optimal. Thus, a further reduction of 
gravity anomalies is often needed to facilitate a better 
gridding outcome. Both short and long wavelength 
features are often removed to yield a suitable (e.g. 
smoother and spatially less variable) gravity anomaly 
field. Topographic, bathymetric, isostatic and global geo-
potential models can be used for that purpose. 

As a next step, the RTM anomalies RTM
Pg  (RTMA) 

are computed from the FAA by removing the contri-
butions of a GGM and a RTM 
 

 ,RTM FA GGM RTM ATM
P P P P Pg g g g g        (3) 

 

where GGM
Pg is the gravity anomaly calculated from a 

GGM by a standard formula (e.g. Heiskanen & Moritz 
1967, p. 89), RTM

Pg  and ATM
Pg  are the gravitational 

effect of residual terrain correction (Forsberg 1984) and 
the atmospheric masses above the point. Note that the 
bathymetric correction in marine areas is not considered 
in this study. Details about the computation of RTMA 
and its components in Eq. (3) can be found in Märdla et 
al. (2017). For the terrain correction RTM

Pg  estimation 
the Estonian 3” × 3” digital elevation model (DEM) 
EST-DEM2013 (Oja 2014) was used which was compiled 
from airborne laser scanning data (see Gruno et al. 2013). 
Similar national DEMs were used for estimating the 
RTM correction for Latvian and Finnish data points, but 
global Shuttle Radar Topography Mission (SRTM; Farr 
et al. 2007) had to be applied in Russia. The spherical 
harmonic coefficients of GOCO05c (Fecher et al. 2017) 
up to a maximum degree and order of 300 were expanded 
to compute the GGM

Pg  correction in Eq. (3). 
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According to the estimated statistics (Table 2) of 
different types of gravity anomalies at survey points, the 
variance of RTMA is smaller than the corresponding 
estimates of FAA and SBA. The smaller spatial vari-
ability of RTMA relative to FAA can also be noticed in 
Fig. 7. Moreover, the mean value of RTMA is nearly 
zero, whereas the mean values of FAA and SBA are 
biased. As a conclusion, the RTMA signal demonstrates 
superiority above other anomaly types in the light of 
assumptions generally assumed in geostatistics like 
unbiasedness (e.g. zero mean), weak stationarity and 
isotropy (see Cressie 1993). The GGM and RTM contri-
butions in RTMA computation (Eq. (3)) represent the 
long- and short-wavelength parts in the gravity anomaly 
signal, respectively. The removal of these parts from the 
observed gravity signal results in the smooth residual 
RTMA signal with reduced spatial variability. These 
findings demonstrate the improved stochastic properties 
of RTMA and its suitability for geostatistical modelling. 

The spatial variability and correlation of the data in 
question are described by an empirical autocovariance 
(hereafter covariance) curve to which a theoretical model 
is fitted. The estimated covariance of gravity anomaly 
data in the following grid computation (Fig. 8) was 
approximated by a 2nd-order isotropic Markov model 
(CV2M) (see Kasper 1971; Andersen 2013): 
 

   /
0 1 ,ll

C l C e 


   

 
 (4) 

 

where C(l) is the modelled covariance value over the 
distance l, C0 is the signal variance and α is a parameter 
related to the correlation length X1/2 approximately as 

1/ 20.595X  . The correlation length is defined as the 
distance at which the covariance function reaches a half 
of the initial C0 value. 

Smaller covariance values (near 0° spherical distance, 
see Fig. 8) of RTMA compared to FAA yield that the 
predictable quantity is smoother (i.e. it varies less, see 

also Table 2) and needs fewer nearby data points to 
predict the anomaly values at grid’s nodal points. In 
other words, the higher spatial variability of the FAA 
point values (see Figs 7 and 8) due to the high-frequency 
components in the FAA signal implies that a much 
denser distribution of observation points near the grid’s 
node is needed to obtain the grid prediction accuracy 
comparable to that of RTMA. Evidently, FAA is less 
suitable for the gravity anomaly surface modelling and 
therefore the RTMA values are to be used in the sub-
sequent gravity anomaly gridding. 

Before grid computation additional downsampling 
of input data was applied to select a single point  
with the smallest uncertainty estimate within each 
0.01° × 0.02° cell (Märdla et al. 2017) which is about 
1.1 km × 1.2 km in Estonia. Note that data resolution 
of nearly 1 point per km² is sufficient for the accurate 
regional gravity field modelling, which is one of the 
main purposes of this study. The optimal RTMA anomaly 
grid was predicted using a method of weighted LSC 
with noise (Moritz 1980). The weights were assigned 
from the formal uncertainties of gravity values (Fig. 5). 
Dermanis (1984) noted that the LSC with a priori 
modelled covariance is similar to the kriging prediction 
method (with semivariogram modelling). For the 
weighted LSC prediction of the unknown gravity anomaly 
signal at regular grid nodes the following matrix equation 
was solved [Moritz 1980, (14.27)]: 
 

  1 1
s st tt nn st

 
      g gg C C C g C C g ,         (5) 

 
where Δg and Δgs are the vectors of known and 
predicted anomaly values, respectively (representing the 
known signal t at observation points and the predicted 
signal s at grid points), Cst is the cross-covariance 
matrix of signals s and t, Ctt and Cnn are the auto-
covariance matrices of the signal t and the noise n, and 
since t n  g , the variance–covariance matrix of 
observed values is tt nn   g gC C C . Note that Cnn is a  

 
Table 2. The statistics of free-air, residual terrain model, Bouguer anomalies (denoted as FAA, RTMA and SBA, respectively) 
evaluated at 49 189 points over the target area. It was complemented with the statistics of corrections computed from global 
gravity field, residual terrain and atmospheric models (denoted as GGM, RTM, ATM corrections, respectively). *Units of gravity 
anomalies in mGal (for variance mGal²) and heights in m 
 

Anomaly type/Correction Mean Standard deviation Variance Min. Max. 

FAA –13.14   ±16.55   273.9  –73.82    44.05 
GGM corr. –12.86   ±14.62   213.7  –61.94    22.79 
RTM corr.     0.09     ±1.50       2.3   –7.84    14.54 
ATM corr.     0.87     ±0.01       0.0     0.84      0.87 

RTMA     0.45     ±7.83    61.3 –30.64    33.67 
SBA –17.43   ±15.20  213.0 –73.82    30.37 
Height* 38.2 ±40.6 1648.4  –0.1 283.7 
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diagonal matrix that contains observational errors. The 
variance–covariance (also the error covariance) matrix 

sgC  of predicted quantity results from the matrix 
equation [Moritz 1980, (14.42)]: 
 

 1 ,
s ss st st


    T
g g gC C C C C   (6) 

 
where Css is the auto-covariance matrix of the predicted 
signal s. This relation allows us to estimate the un-
certainties of gravity anomaly grid values and describes 
(i) the combined effect of formal uncertainties of input 
data (Fig. 5), (ii) the distribution and density of gravity 
points (Fig. 6) and (iii) the modelled spatial correlation 
described by Eq. (4) with parameters from Fig. 8. The 
LSC predicted RTMA grid with the CV2M model 
(X1/2 = 23 km) from Eq. (5) and estimated uncertainties 
from Eq. (6) are shown in Figs 9 and 10, respectively. 
The software ‘geogrid’ from physical geodesy software 
package GRAVSOFT (Forsberg & Tscherning 2008) 
was used for computing the weighted LSC solution. 
 
Applications  derived  from  the  RTMA  model  
 
The generated high-quality RTMA prediction model can 
be used for deriving specific types of gravity anomalies. 

For instance, by restoring the GGM and RTM parts in 
Eq. (3) the RTMA grid is converted into the FAA surface 
model (Fig. 11). Similarly the Bouguer, Faye, Prey and 
isostatic anomalies can be derived from the RTMA grid 
by using the corresponding DEM, bathymetry and crustal  
density models with the accuracy and resolution necessary 
for specific application. 

Within the entire target area the FAA surface model 
varies from –73 to +44 mGal with the overall range  
of 117 mGal. The FAA grid values are predominantly 
negative (with a mean of –14.6 mGal), especially over 
large portions of the sea. The grid also reveals rather 
rough variations with standard deviation (STDEV) of 
19.2 mGal. Correlation between the FAA and topography 
can be identified over the land masses, e.g. over the 
eastern part of the Estonian mainland but also in Latvia, 
Russia and Finland.  

In general the free-air anomalies are needed as input 
data for the geoid computation, therefore the primary 
outcome of the present study is the FAA model. Yet, 
SBA can be computed from the FAA surface model 
(Fig. 11) by using relation (3), whereas the normal height 
of topography (at the nodal point of the FAA grid) can 
be interpolated from regional or global digital terrain 
models like EST-DEM2013 or SRTM. 

 

 
 

Fig. 6. Distribution of data voids and data density. The 0.01° × 0.02° grid (about 1.1 km × 1.2 km in Estonia) with coloured cells
where no data points are available within the radius of 1.5 km (marked with light red) and 2.5 km (dark red) from the cell centre.
In other words, the distance between data points is equal to or larger than 3 and 5 km over the areas marked with light and dark
red, respectively. 
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The misfit between the predicted RTMA and FAA 
models and initial data point values in Fig. 12 describes 
the effect of different error sources in the observation 
data and the prediction models, but also the actual 
variability of the anomaly field. The larger variability  
is associated with the FAA residuals. The STDEV of 
residuals over the entire target area are 0.65 mGal and 
0.73 mGal for RTMA and FAA anomalies, respectively. 
Large residuals (up to 16 mGal) that occur over marine 
areas (indicating possible outliers in data) could corrupt 
the statistics (e.g. STDEV of residuals). Oja (2018) iden-
tified discrepancies over the western marine areas (mean 

and STDEV –1.7 and ±2.7 mGal, min. and max. –11.6 
and 7.4 mGal) and along the northern coast (–2.5 and 
±3.3 mGal, –16.4 and 6.2 mGal). These values indicate 
disagreement between airborne (measured in 1999) and 
shipborne (2016–2017) gravity data sets. These dis-
crepancies also imply that the formal uncertainties  
of the RTMA model in Fig. 10 could apparently be 
too optimistic for marine areas. To avoid biased 
results, the STDEV of residuals was estimated separ-
ately over land and marine areas. As a result, the RTMA-
related STDEV of 0.45 mGal and 1.00 mGal, and the 
FAA-related STDEV of 0.58 mGal and 1.01 mGal were 

 

 
 

Fig. 7. The gravity point data with the assigned free-air (left-hand side) and residual terrain model (right-hand side) anomaly values. 
 

 

 
 

Fig. 8. Empirical autocovariogram curves estimated for free-air and residual terrain model gravity anomaly (denoted as FAA and
RTMA, respectively) point values (by using the pairs of 49 189 points up to 1.5° spherical distance). The least-squares fit with the
2nd-order Markov function (Eq. (4), labelled as CV2M) yields optimum autocovariance models for RTMA (C0 = 58.4 mGal²,
X1/2 = 0.21° ≈ 23 km) and FAA (C0 = 195.1 mGal², X1/2 = 0.54° ≈ 60 km). The vertical bars indicate correlation lengths X1/2 of the
models. The unit of the horizontal axis is arc-degrees. 
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Fig. 9. The least-squares collocation predicted residual terrain model gravity anomaly grid. 
 

 
 

Fig. 10. The estimated LSC uncertainties of predicted residual terrain model gravity anomaly values. The grey and black shades
indicate the areas with uncertainties exceeding 3 mGal. 
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Fig. 11. The free-air anomaly model derived from the predicted residual terrain model gravity anomaly grid after restoring the
components of global gravity and residual terrain models. 
 

 

 
Fig. 12. The discrepancies of the residual terrain model (left) and free-air (right) gravity anomaly surface grids at the locations of
gravity data points (bicubic method used for interpolation). 
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estimated over land and marine areas, respectively. 
Thus, over land the agreement between the point values 
and the RTMA model is clearly better than for FAA. 
Over the marine areas the residuals of RTMA and FAA 
are practically same, which is not surprising since no 
corrections due to bathymetry have been modelled and 
added there. 

The roughness of the gravity field can be assessed 
from the magnitude map of the horizontal gradient 
(estimated as a directional derivative) of the RTMA grid 
(Fig. 13). The horizontal gradient reaches 3 mGal/km 
over the land masses, but 4–5 mGal/km in marine areas 
(Gulf of Riga, northwestern coast near Tallinn). It can 
be concluded that in the areas with an intense and 
variable gradient the spatial distance between gravity 
points more than 2–3 km might aggravate the prediction 
accuracy considerably and the resulting omission errors 
may be up to 3–5 mGal. Accordingly, in combination 
with the data density map (cf. Fig. 6), the horizontal 
gradient mapping would be an important source for 
designing future gravity surveys. 

Another product of the present study, and useful for 
e.g. metrological research, is the surface gravity model 
derived from the RTMA grid (Fig. 14). To compile that 
model, the expected gravity values on the topography or 
water surface gP were derived from Eq. (3) by restoring 

the normal gravity, GGM, RTM and other components. 
The surface gravity model revealed that gravity acceler-
ation gP on topography was changing by 220 mGal 
(0.0022 m/s² or 2.2 mm/s²) within the Estonian land and 
maritime borders, the mean value being 981 796 mGal 
(9.81796 m/s²). By considering only land areas, the 
surface gravity varies from 981 674 to 981 864 mGal 
(9.81674–9.81864 m/s²), with the mean of 981 792 mGal 
(9.81792 m/s²) and the maximum range of about 190 mGal 
(1.9 mm/s²). The surface gravity reflects similar features 
found also on gravity anomaly maps (Figs 9 and 11), 
with a strong south–north direction positive trend due to 
the Earth’s flattening and rotation. These gravity field 
maps (Figs 11, 13, 14) correlate also with geological 
structures within the crystalline basement (see details in 
All et al. 2004; Sildvee & Vaher 1995; Puura & Flodén 
1999; Karell et al. 2014). 

The FAA model predicted in this study coincides 
with the FAA model used for the national geoid EST-
GEOID2017 modelling (Ellmann et al. 2019), only the 
geographical boundaries of grid areas differ slightly.  
To identify the impact of new gravity data, DEM and 
methods of gravity anomaly modelling, the differences 
between FAA models of this and previous study (the 
computation of a previous geoid model EST-GEOID2011, 
see Ellmann et al. 2011) were estimated (Fig. 15). 

 

 
 

Fig. 13. The magnitude of the horizontal gradient estimated as a directional derivative of the residual terrain model anomaly
prediction model. 
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Fig. 14. The gravity acceleration gP on topography (on land and water surfaces) derived from the residual terrain model anomaly
grid within the Estonian land and maritime borders. 

 
 

 
 

Fig. 15. The difference between the free-air gravity anomaly grids computed in 2011 and in this study ( 2011 2017
FA FAg g   ). Within

the black areas the differences are larger than 5 mGal. 
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A rather good agreement was found between the new 
and old FAA models over northern Estonia and the West 
Estonian Archipelago islands. Such a result was expected 
because the dense GSE gravity data (from the geological 
mapping, see Table 1) are the same in both modelling. 
Slight discrepancies indicate the effect of low-pass 
filtering of very dense data before the prediction of  
the new FAA model, whereas the modelling in 2011 
included all the GSE observations. Larger discrepancies 
over central and southern Estonia represent the effects 
of new gravimetric surveys (red, green spots) and an 
improved DEM (greenish background) used in the 
computation of a new FAA grid through RTMA. Dark 
green, red and black areas along the northern and western 
coasts and marine areas represent the large impact of 
FAMOS shipborne data and the GGM-derived gravity 
anomaly patch in the Gulf of Finland. 

 
 
SUMMARY 
 
This contribution reviews the ongoing improvement  
of the spatial distribution and accuracy of gravity data  
in Estonia within the last 70 years. The results and 
reference metadata of many gravity surveys (see Table 1) 
have lately been compiled into the Estonian gravity 
database (EGDB). This work included evaluation, the 
conversion of historical data sets from the original gravity 
datum to the modern gravity frame and outlier detection. 
The EGDB has been used successfully in the national 
Estonian geoid model EST-GEOID2017 and the inter-
national NKG2015 geoid model projects. The geoid 
modelling needs gravity data from a wider region than 
the area under study. Therefore extensive international 
cooperation to obtain gravity data from neighbouring 
countries and the Baltic Sea has been carried out. As 
a result, new and improved gravity data from the 
NKG gravimetric database and the FAMOS marine 
gravity campaigns have been available for domestic 
and international researches and applications. 

The Estonian gravity data combined with international 
data sets resulted in nearly 50 000 gravity points over 
the study area (with latitude from 56.5° to 60.5° N and 
longitude from 20° to 30 E°). The mean of the formal 
uncertainty (obtained from databases) of all gravity data 
is 0.75 mGal, which is a bit worse than the corresponding 
value of 0.48 mGal of Estonian gravity data. The data 
uncertainty over marine areas (on average 1.3 mGal) is 
about 2–3 times worse than the uncertainty on the land 
(0.54 mGal).  

The spatial data density in the Estonian mainland is 
satisfactory, especially over the northern and western  
 

parts of Estonia where the resolution of survey points 
from geological mapping is better than 1 point per 
10 km². Such data resolution should be enough for 
regional applications like geoid modelling, the pro-
cessing of precise levelling, etc. However, this conclusion 
may not hold in the regions with a rough, variable 
gravity field.  

An improved gravity field model over Estonia was 
obtained by applying RTM anomalies and the LSC 
prediction method. The statistics and spatial covariance 
analysis suggest that the RTM anomaly signal is more 
suitable for the modelling of the gridded surface than 
free-air and Bouguer anomaly signals. Nevertheless, 
the predicted RTMA model can be converted to other 
anomaly type models that may be useful for different 
applications in geodesy, geology, geophysics and metro-
logy. The results of this contribution should be useful 
input for the study of the Earth’s crustal properties over 
Estonia and its neighbouring areas, including the 
modelling of the basement structures and the crustal 
thickness (e.g. All et al. 2004) and the inverse modelling 
of local causative sources in the crystalline basement 
(Dmitrijeva et al. 2018). The gravity data used and 
anomaly models predicted in this study might be in-
sufficient for the determination of the properties of the 
upper sedimentary cover (e.g. to locate buried valleys) 
due to the spatial density of data points (filtered down to 
1 point per km²) and the resolution of prediction models 
(0.01° × 0.02°).  

There are still areas where measurements are needed 
to improve the accuracy of gravity anomaly prediction 
models. Both the density and uncertainty should be 
improved over coastal marine areas. Large discrepancies 
over 3–5 mGal between the airborne and shipborne data 
along the northwestern coast need further research in  
the future. The large data void in the eastern Gulf of 
Finland, currently filled with GGM-derived ‘pseudo-
observed’ data, is definitely a complicated area for the 
grid prediction and the geoid modelling methods. More 
accurate and dense data could be obtained from the 
international cooperation (data exchange and joint marine 
campaigns with Finnish and Russian institutions) or by 
using some remote sensing techniques like satellite radar 
altimeters (e.g. Birgiel et al. 2018). 

The high quality of Estonian gravity data and the 
anomaly models of this study is supported by the fact 
that recent Estonian geoid computation resulted in the 
EST-GEOID2017 model with an uncertainty of about 
5 mm (Ellmann et al. 2019). The high-resolution geoid 
model EST-GEOID2017 is officially imposed by the 
Estonian Ministry of Environment as a part of the 
Estonian national geodetic datum. 
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Raskuskiirenduse  anomaalvälja  mudel  Eestis 
 

Tõnis Oja, Artu Ellmann ja Silja Märdla 
 
On käsitletud raskuskiirenduse anomaalvälja mudeli täpsustamist Eestis, võttes aluseks viimase 70 aastaga mõõdis-
tatud gravimeetrilised andmed. Arvesse võeti ajaloolised gravimeetrilised daatumid ja nende seos praeguse riikliku 
gravimeetrilise raamistikuga – kasutatud spetsifikatsioonid, meetodid, seadmed jne –, et erinevaid andmekogumeid 
korrektselt valideerida ning ühtsesse Eesti gravimeetrilisse andmebaasi (EGA) koondada. 2014. aasta sisaldas EGA 
infot ligikaudu 144 000 gravimeetrilise andmepunkti kohta. Geodeetiliste tööde jaoks (riikliku geoidi modelleerimine 
ja kõrgusvõrgu arvutus) vähendati andmepunkte 78%, eemaldades vähem täpsed ja varasemalt mõõdistatud punktid. 
Rahvusvahelise koostöö kaudu (projektid NKG2015 geoid ja FAMOS) täiendati EGA andmeid gravimeetriliste 
punktidega naaberriikidest ja Läänemerelt. Statistiliste omaduste tõttu eelistati raskuskiirenduse anomaalvälja model-
leerimisel jääkpinnamudeli ehk RTM-i anomaaliaid (RTMA). Vähimruutude kollokatsiooni meetodiga modelleeriti 
optimaalne RTMA prognoospind koos määramatuse pinnaga. Kombineerides RTMA mudelit täpse kõrgusmudeliga 
(DEM), tuletati mudelpinnad veel vabaõhu ja Bouguer’ anomaaliatele ning maapinna raskuskiirenduse jaoks. Erinevatel 
raskuskiirenduse prognoospindadel on mitmeid rakendusi nii geoteadustes kui ka metroloogias. 
 
 
 


