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Definitions, conventions

EME 2017 (Estonian Ministry of Environment, 2017. Geodeetiline
Süsteem [Geodetic system]. In Legal Acts of Estonia, Decree No.
64)
Gravimetric system:

� IAGBN standards* for AG Observations Data Processing

I Zero-tide system for the permanent tide (ampl.factor 1.0 for
M0S0)

I DIN5450 (ISO 2533:1975) Standard Atmosphere with
admittance factor -3 nms−2/hPa for atm.variations

I IERS reference pole (with elastic grav.factor 1.164) for polar
motion

� Epoch 2000.0
� Absolute gravity values at 1st order (I order) points of

gravity network realizes the EG2000
� I order network is densified by II, III order networks
� All other realizations in Estonia are based on the EG2000*International Absolute Gravimeter Base Network (IAGBN) standards (Boedecker

1988, BGI Bull. Inf. 63, 1992)
Gravity units: 10 nms−2 = 1µGal = 0.001 mGal
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I order gravity network

NKG2016LU gdot:
ġ = Cḣ

where C = −1.63 nms−2/mm

AG sites with nearest cGNSS stations:

I order network information:
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AG measurements 1995-2017

Free-fall absolute gravimeters in Estonia

Olga Gitlein, Ludger Timmen (LUH)

with FG5-220 in Suurupi in 2007

LUH - Institute of Geodesy, Leibniz Universität

Hannover

Mirjam Bilker-Koivula (FGI)

with FG5-221 in Tõravere in

2008

FGI - Finnish Geospatial Research

Institute

Jaakko Mäkinen (FGI) with

FG5X-221 in Suurupi in

2013
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Gravimeters and vertical gradient
International Comparisons of AG for long term

stability, repeatability and traceability to the SI of

JILAg#5, FG5#220, FG5#221 (FG5X#221)

Piers at I order stations:

Vertical gradient evaluation:

dg = g(h) − g(0) = ah + bh2

VG(h) = Wzz = a + 2bh

udg =
√

hu2
a + (h2ub)2 + 2h3uaubCorr[a, b]

uVG =
√

u2
a + (2hub)2 + 4huaubCorr[a, b]

5/14



Gravimeters and vertical gradient
International Comparisons of AG for long term

stability, repeatability and traceability to the SI of

JILAg#5, FG5#220, FG5#221 (FG5X#221)

Piers at I order stations:

Vertical gradient evaluation:

dg = g(h) − g(0) = ah + bh2

VG(h) = Wzz = a + 2bh

udg =
√

hu2
a + (h2ub)2 + 2h3uaubCorr[a, b]

uVG =
√

u2
a + (2hub)2 + 4huaubCorr[a, b]

5/14



AG measurements 1995-2017

Summary of all AG campaigns:
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AG time series with WLSQ trend fit
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AG with HYDL from LSDM model (GFZ)
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AG with HYDL corrected
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II, III order gravity networks
22˚ 23˚ 24˚ 25˚ 26˚ 27˚ 28˚

58˚

59˚

50 km

Estonian gravity network
I order point (7)
II order point (70)
III order point (206)

RG data by using LCR-G, CG5 in 1992-2018. Geodetic I, II order networks are

integrated. Calibration line connecting 3 AG sites to test the scale of RG meters.
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Integrated geodetic frames
22˚ 23˚ 24˚ 25˚ 26˚ 27˚ 28˚

58˚

59˚

75 km

Estonian gravity network
I order point (7)
II order point (70)
III order point (206)

Geodetic (131 p), gravity (43 p) networks with levelling lines.
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Scale change of relative gravimeters

The scale check results of CG5 relative gravimeters in 2004-2018.

NB! Scale error 500 ppm with dg = 100 mGal ⇒ bias 50µGal.
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Data processing and network adjustment

Software GRAVS2 (in-house, based on GRAVSOFT, script based
fortran routines, Win/Linux):

� Conversion of raw data (e.g. CG5 txt files)

� Corrections: tides*, atm.pressure*, height, calibration, GIA

� Weighted least squares adjustment:

yobs(t) = gadj(T0) + a + D(t) + Fcal(t) + v (b = Ax + v)

min(
∑

w · v2)⇒ x̂ = (ATWbA)−1ATWbb

*IAGBN standards are followed
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Summary

� National gravity system on the basis of international standards
(IAGBN)

� Absolute gravity values at I order network points realizes
EG2000

I ICAG, ECAG results ⇒ traceability to the SI
I Uncertainty ±50 nms−2 or better (1σ)

� II, III order gravity networks to densify EG2000

I Scale of RG is regularly checked
I Uncertainty ±100 . . .± 200 nms−2 (1σ)

References:
Ellmann, All, Oja (2009) Toward unification of terrestial gravity data sets in Estonia.
Est. Journal Earth Sci. 58(4)
Oja (2012) Gravity system and network in Estonia, IAG Proc. 136.
Olsson, Breili, Ophaug, Steffen, Bilker-Koivula, Nielsen, Oja, Timmen (2018)
Postglacial gravity change in Fennoscandia – three decades of repeated absolute
gravity observations. Geophys. Journal. Int. 217
Oja, Ellmann, Märdla (2019) Gravity anomaly field over Estonia. Est. Journal Earth
Sci. 68(2)
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