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Presentation plan
1.Short history of Polish duality of gravimetric frames and datasets.

2.A few words about the geophysical resource regarding the gravity field in the 
Central Geological Database - scope of data, use in the field of Earth sciences and 
geodesy, problems. Reference networks for geophysical purposes.

3.Assumptions of the project to modernize the gravimetric base of the field 
surveys.

4.Measurements and development of the network in a system consistent with the 
ITGRF definition ςmethodology, results.

5.Use of the results of the development of the gravimetric networks in the 
implementation of the project.

6.Plans and challenges for the near future.
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Gravimetric
Reference System

Historical Gravimetric 
Reference Frames

Å Gravity defined by the 
instantaneous acceleration 
of free-fall, expressed in the 
International System of Units 
(SI) 

Å Conventionsfor the 
corrections of gravity effects 
(time-independent 
components, i.e. permanent 
tide, standard atmosphere, 
Earth rotation)

Å The actual realisation of the 
GRS represented by absolute 
gravity measurements

Å Comparisons of absolute 
gravimeters

Å Conventional models for time-
dependent corrections 

Å Infrastructure (points, 
markers), database

Wziontek at al., 2021
https://doi.org/10.1007/s00190-020-01438-9

.GAFLӐK <=>AFALAGF
Å Vienna frame
Å Potsdam frame

Network definition
Å 9DLA; ;GMFLJA=KӐ HGDQ?GF
Å'%1,Ӑҕҏ

Gravimetric 
Reference Frame

ITGRS/F (InternationalTerrestrialGravityReferenceSystem/Frame)
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ITGRS/F (InternationalTerrestrialGravityReferenceSystem/Frame)
Requirementsfor points

Localcalibrationcentresςa combinationof continuousSGobservations(only!) andperiodic(min. 2/year) 
AGobservationsς in Poland,this requirementismet by theObservatoryƛƴ .ƻǊƻǿŀ DƽǊŀ

Network points ς AG observations at least once every two months and/or SG 
and combination with other networks (mainly IHRF) ς in Poland, this requirement is met by 
the Observatoriesin WƽȊŜŦƻǎƱŀǿ and Borowa DƽǊŀ

National Gravity Reference Network ςin Poland existed two!!!
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1910s:first 
regional 

measurements 
(Galicja) within 
Vienna frame

1950s:
first pendulum 
absolute net 

(not connected)

1960s:first 
national network 

for geological 
purposes 
(Potsdam)

To `90s 
densificationfor 
3rd class network 
(detailed), base of 

field surveys

1990s: first geodetic 
network (POGK) 

based on hybrid AG 
+ RG 

2011
project of a new 

base, only AG (close 
to ITGRF)

2014
first realisation of 
only AG base with 
agreement to the 

ITGRF 

2023-24
second epoch of 
measurements 

AG base 
(10 years time span)

The timeline of gravimetric standards in Poland
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Potsdam Gravity Frame in Poland (1960s)

The firstgravimetricnetwork in Poland

1. I class (18points)  + IIclass (144unstabilizedpoints)
2. Connection of theWarsawpoint to Potsdamby onespan 

from 1936, very POOR link to reference OLD point
3. AdjustmentI and II classes separately 

created the PIG-62 frame
4. Database forgeophysicalinvestigations to mid. `90s

Accuracy
Mean error of adjusted Ǝ Ғ плҡDŀƭǎ Ғ пϊмл-7 ms-2

Offset Potsdam to ITGRF ca. 14 mGals

The timeline of gravimetric standard in Poland
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Gravimetry in the Central Geological Database (CBDG)

YǊƽƭƛƪƻǿǎƪƛΣ нллс

The "gravimetry" layer in CBDG contains:
Å Results of 154 gravimetric αsurveysέ taken in 1957-1989
Å 1,2 mln points of semi-detailed and detailed sketch (2.7 points/km2) 

corresponding to a 600 m grid with the following parameters:
mg = 45 mGals
mBgA ranging from 69 to 191 mGals

https://geologia.pgi.gov.pl
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Narkiewicz, Petecki 2017

Tran-Alpdatabase
NKGdatabase

YǊƽƭƛƪƻǿǎƪƛΣ tŜǘŜŎƪƛ мффр

Gravimetry in the Central Geological Database (CBDG)
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Thebasicgravimetricnetwork of Poland - POGK

POGK97
Å 363points(including18 from thepreviousversion of thePIG network)
Å 6 absolutepointsdeterminedin different epochswith different

instruments, acceptedas error-free
Å Absolutepointsas fixed (reference) values

POGK99
Å Added15absolutepointsdeterminedin different epochs 

with different instruments
Å Verificationof absoluteobservationsby theαlongspansέ

Accuracy
Mean error of adjusted Ǝ Ғ ммҡDŀƭǎ Ғ мΣмϊмл-7 ms-2

Offset to ITGRF several ҡGals

The timeline of gravimetric standard in Poland
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2QLMƒ HJ=R=FL9;BA

Å  the gravimetric network consisting of stations measured by 

absolute gravimeters only 

Å two subnetworks:

o 1storder ς fundamental pointsplaced in buildings, measured 

possibly in one epoch  with absolute gravimeters FG5 type

(onepoint/ 15000 km2),

o 2ndorder ς second-order points located in the field,

measured with field gravimeters (A10 type; 

one point/2 000 km2)
ω 78 POGK 

ω 4 EUVN 

ω 57 ASG-EUPOS

ω 22 POLREF 

ω 7 new

The timeline of gravimetric standard in Poland
Absolute gravimetricbase of Poland (2014)
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Å 28 fundamental stations (1st order)
Å 168 base stations (2nd order)

Å stability and durability of control points, ensuring repeatable 

measurements

Å ease of reproducing the point without the need for 

adjustment

Å measurement strategies and technologies agreed with ITGRF

Å metrological procedures and parameters to ensure the 

gravimetric reference level 

Accuracy
Mean error of g values: Җ п ҡDŀƭ Ғ пΣл ϊ мл-8 ms-2 ς fund.
Җ млҡDŀƭ Ғ мΣл ϊ мл-7 ms-2 ς base points
Offset to ITGRF- negligible

The timeline of gravimetric standard in Poland
Absolute gravimetricbase of Poland (2014)
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The CBDG resource was digitalised for the Gravimetric Atlas developing (YǊƽƭƛƪƻǿǎƪƛΣ Petecki, 1995). Then the previously 
created computer set of anomalies was processed into new spatial reference systems (ETRF89) and the quasi - IGSN71 
system and analyzed for accuracy within the project of implementing a centimeter geoid (Krynski, 2006) by the PGI team 
cooperating with IGIK under the supervision of prof. /ȊŜǎƱŀǿ YǊƽƭƛƪƻǿǎƪƛ (YǊƽƭƛƪƻǿǎƪƛΣ 2006). However, gravity and 
anomaly values were used at that time, some processing of the "point cloud" was recomputed, without referring to the 
source data and reference network

Ådetected inconsistencies resulting from multi ranked sub-networks of individual surveys
Å impossibility to perform measurements in archived system but it is easy to conduct them in a system 

related to the implementation of the common basic gravimetric base realised ITGRF frame
Å increasing the interpretive potential in the field of exploration geophysics
Åpossibility of using high resolution DTM models and changing the method of calculating topographic 

correction and Bouguer anomalies by modern methods (spherical, complete)
Åpossibility of including the Polish resource in gravimetric data integration projects (Trans-Alp, FAMOS, 

European geoid, NGS database for creating global geopotential models and others

Gravimetry in the Central Geological Database (CBDG)
Motivation of the project reambulation gravimetric database
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Own study

Gravimetry in the Central Geological Database (CBDG)
residuals of AG data vs interpolated from CBDG database
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Godah et al., 2024

Gravimetry in the Central Geological Database (CBDG)
residuals of DDaΩǎ vs AG data
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Own study base on CBDG

NGS database(EGM2008)

Tran-Alpdatabase
NKGdatabase

Gravimetry in the Central Geological Database (CBDG)
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Kaczkowska, 1954

Bokun, 1967

Gravimetry in the Central Geological Database (CBDG)
On the beginning of collection of field survey

First pendulum dataset (German frame) from `40
Sketch of detailed sub-networks after 2ndWW

Å Non homogeneous set of sub-networks
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ÅRealized in 1955-1957

ÅA reference to the pendulum network 
created in parallel by WGIK and IGIK

ÅTwo points of the network - the basic one, 
permanently stabilized by a solid sign and 
eccentric located at the airport

Åmeasured with a gravimeter Askania Gs11

Documentation Bujnowski, 1967; Bokun, 1971

Gravimetry in the Central Geological Database (CBDG)
First class network
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Åmeasurement of airport points - air transport by Jak12 plane and Focke-Wolf (borrowed 
from the Ministry of Health)

ÅABABAB chain method with three to five passes

Å the quality of the measurements was qualified by drift and checked by closing the 
polygons

The measurement of points 
connecting the airport center was 
carried out by road using a Warszawa 
vehicle with a special opening 
enabling the point to be "run over"

Bujnowski, 1967

Gravimetry in the Central Geological Database (CBDG)
First class network
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Gravimetry in the Central Geological Database (CBDG)
First class network
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ÅRealized in 1957-1962

ÅClass II set of 144 points, NO STABILIZATION

ÅRoad transport in the ABABA span 
measurement scheme

ÅGravimeter measurement by Askania Gs11

ÅAdjusted to I class as solid base

ÅDocumentation: Bujnowski, 1967

YǊƽƭƛƪƻǿǎƪƛΣ нллс

Gravimetry in the Central Geological Database (CBDG)
Second class network
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Gravimetry in the Central Geological Database (CBDG)
Base networks
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For class I:

Åmdg= ° 0.068mGal

Åmg= ° 0.022mGal
The Potsdam frame adjustment after the 
correction of the tŀǿƱƻǿǎƪƛ designation, a single-
point connection established through the 
Warszawa hƪťŎƛŜ point. Georeference in "Borowa 
DƽǊŀϦ frame based on Bessel elipsoid on map (no 
planar/elipsoid coordinate measurements). Height 
reference  Kronstadt 60 or Amsterdam55 (technical 
leveling). Good stabilization center and 
identification eccentric points. Existing excellent 
documentation with raw observations!

For class II:

Åmg= ° 0.034mGal

The Potsdam frame adjustment after the 
correction of the tŀǿƱƻǿǎƪƛ designation, referred 
to αconstant g" class I points. Georeference in 
"Borowa DƽǊŀϦ frame based on Bessel elipsoid on 
map (no planar/elipsoid coordinate 
measurements). Height reference Kronstadt 60 or 
Amsterdam55 (technical leveling). LACK OF 
STABILIZATION. Good documentation with raw 
observations!

Gravimetry in the Central Geological Database (CBDG)
Base networks
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The first modernization 
concept consisted in 
measuring evenly distributed 
points of classes I, II and III, 
amounting to approximately 
25% of the total network 
resource (approximately 1,500 
points) and creating an 
empirical conversion model. 
However, the PROBLEM 
turned out to beΧ

Gravimetry in the Central Geological Database (CBDG)
Modernisation ideas

1. Field interview of all points of the base 
networks (I and II classes) ς finding, identifying, 
measuring geodetic coordinates using GNSS RTK 
technology, updating descriptions, photographic 
documentation

2. Linking each existing and identified point to the 
modern basic gravimetric base (ITGRF) with 
relative spans (mdg < 5mGals)

3. Analysis of readjustment of networks: 
separately class I and II in both frames, 
common adjustment of both (I + II) classes with 
using archival observations in new frame
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Total set of Iand base networks 
of I and II classes had 178 points, 
including:
Å78 points were identified and 

measured (connected)
Å59 points identified and not 

measured (drastic urban 
changes, reconstruction, etc.)

Ånot found 41 points (no 
description, unable to find)

Gravimetry in the Central Geological Database (CBDG)
Modernisation ideas
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1 4161 Warsaw 1 981222,446 981222,446 981222.529 981222,446 0.000 0.000

2 2547 Brodnica 2 981299.933 981299.915 981299.915 0.017 0.017

3 3048 Olsztyn 1 981379,232 981379.251 981379,239 981379.251 0.019 -0.019

4 1928 ŧary 1 981183,651 981183,674 981183,674 0.023 -0.023

5 3655 Wňgorzewo 2 981403.048 981403.023 981403.023 0.026 0.026

6 5533 Kolno 2 981340,270 981340.295 981340.295 0.026 -0.026

7 2516 Sierpc 2 981273,669 981273,641 981273,641 0.028 0.028

8 1873 Wolsztyn 2 981247.872 981247.841 981247.841 0.031 0.031

9 3134 Dziağdowo 2 981316.509 981316.556 981316.556 0.047 -0.047

10 701 Wroclaw 1 981157,114 981157,167 981157,167 0.053 -0.053

11 1532 Siewierz 2 981059.728 981059.805 981059.805 0.077 -0.077

12 5320 Bielsk 2 981262.286 981262.366 981262.366 0.080 -0.080

13 4165 PğoŒsk 2 981279.968 981280.055 981280.055 0.087 -0.087

14 2436 Bochnia 2 981009.775 981009.866 981009.866 0.091 -0.091

15 2177 Konin 2 981204,251 981204.345 981204.345 0.094 -0.094

16 1152 Wyszk·w 2 981262.523 981262.618 981262.618 0.095 -0.095

17 1272 Wğodawa 2 981124,181 981124,278 981124,278 0.097 -0.097

18 6750 Zambr·w 2 981288,263 981288,363 981288,363 0.100 -0.100

19 2304 Zvolen 2 981156.543 981156,643 981156,643 0.100 -0.100

20 1853 Miňdzyrzecz2 981270.378 981270.488 981270.488 0.110 -0.110

21 908 Nysa 2 981037.691 981037.804 981037.804 0.113 -0.113

22 2227 Sieradz 2 981159.738 981159.853 981159.853 0.115 -0.115

23 954 Gğog·wek 2 981034.032 981034,149 981034,149 0.117 -0.117

24 5539 Osowiec 2 981342.775 981342.894 981342.894 0.119 -0.119

25 1251 Terespol 2 981190,270 981190,392 981190,392 0.122 -0.122

26 2468 Uniej·w 2 981178.096 981178,226 981178,226 0.130 -0.130

27 1162 Minsk 2 981195.558 981195.690 981195.690 0.132 -0.132

28 1773 Wyrzysk 2 981315,956 981315.824 981315.824 0.132 0.132

29 1072 Ğ·dŦ 1 981148.397 981148.545 981148.545 0.148 -0.148

thi

rty 2255 Opat·w 2 981094,124 981094,282 981094,282 0.158 -0.158

31 4162 Garwolin 2 981202.349 981202.508 981202.508 0.159 -0.159

32 4081 Jarosğaw 2 981014.475 981014.645 981014.645 0.170 -0.170

33 2445 Rzesz·w 1 981018,945 981019,127 981019,126 981019,127 0.182 -0.182

34 1650 Miastko 2 981364.831 981364.632 981364.632 0.199 0.199

35 2441 Grybow 2 980911,163 980911,363 980911,363 0.200 -0.200

36 1730 Nowogard 2 981360,430 981360,220 981360,220 0.210 0.210

37 1292 helmet 2 981073,207 981073,437 981073,437 0.230 -0.230

38 1630 Koszalin 2 981425,178 981424.938 981424.938 0.240 0.240

39 2599 Szczecinek 2 981339.352 981339,107 981339,107 0.245 0.245

40 4030 KroŜcienko2 980873,202 980873,458 980873,458 0.256 -0.256

41 1353 ZamoŜĺ 1 981048.334 981048.595 981048.573 981048.595 0.261 -0.261

42 2442 Piwniczna 2 980881,549 980881,833 980881,833 0.284 -0.284

43 1654 Byt·w 2 981381,772 981381,469 981381,469 0.303 0.303

44 4533 Katowice 1 981042.384 981042.701 981042.701 0.317 -0.317

45 2372 Industry 2 980967.084 980967.404 980967.404 0.320 -0.320

46 2439 Limanowa 2 980918,669 980919.008 980919.008 0.339 -0.339

1.Free adjustment relative to the WARSAW point

a priori mdg= 0.049mGal;
m0 = 1.000; 273obs.; 162 points;
mg=0.053mGal; max v = -0.118mGal

2. For 19 points; mdg= 0.050mGal;
m0 = 1.001; 273obs.; 144 points;
mg=0.045mGal; max v = -0.116mGal

3. For 35 points; mdg= 0.065mGal;
m0 = 0.991; 273obs.; 128 points;
mg=0.046mGal; max v = -0.166mGal

4. For 46 points; mdg= 0.084mGal;
m0 = 0.991; 273obs.; 117points;
mg=0.054mGal; max v = 0.308mGal

Gravimetry in the Central Geological Database (CBDG)
Sequence of including of fix points and adjusted network parameters
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Gravimetry in the Central Geological Database (CBDG)
Error of adjusted gravity values of points joined I and II classes [mGals]
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1. Development of raw archival 
observationsς computation of delta 
g, checking the closures of the 
polygons and topology.

2. Free and fixed adjustment in the 
PIG archival system and ITGRF 
frame  ς LSM adjustment reference 
to join αstickedέ base networks, 
determination of accuracy 
parameters.

Gravimetry in the Central Geological Database (CBDG)
3rd class detailed network
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Detailed network was densification of base
networks and network which was basedof semi-
detailedanddetailednetworks

The total number of 3rd classpoints is c.a. 7000
points organised in several sub-networks which
was adjusted by different methods separatelyto
basenetworkspointsbetweenlate `60s to `90s.

These points has no stabilisation (roads,
monuments, stairs of the churches, etc.) and
different precision of geo-referencing. A lot of
pointsno existor hasbeenrebulid.

Ravdocumentationavailablebut not alwayswith
observations which are neccesary to re-
adjustment,

Gravimetry in the Central Geological Database (CBDG)
3rd class detailed networks
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Adjustment results in the PIG-62 archival system
Factor m0 = 1.16 (no change) Network redundancy = 4923
Average mg value = 0.020mGal
Maximum error value mg = 0.12747 mGals for point: 2036.1
Distribution of corrections to observed onesdg
In the relation |v| < Mv there are: 67.68% corrections
In relationMv< |v| < 2.Mv is : 25.52% corrections
In the relation 2.Mv < |v| < 3.Mv is: 5.40% corrections
In relation 3.Mv < |v| there are: 1.40% corrections
Average negative correction = -0.01469mGal
Average positive correction = 0.01489mGal

ITGRF frame adjustment results
Factor m0 = 1.18 (no change) Network redundancy = 4923
Average mg value = 0.020mGal
Maximum error value mg = 0.12747 mGals for point: 2036.1
Distribution of corrections to observed ones dg
In the relation |v| < Mv there are: 67.30% corrections
In relationMv< |v| < 2.Mv is : 25.42% corrections
In the relation 2.Mv < |v| < 3.Mv is: 5.74% corrections
In relation 3.Mv < |v| there are: 1.55% corrections
Average negative correction = -0.01486 mGals
Average positive correction = 0.01523 mGals

Error of adjusted gravity values of points III classe [mGals]
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A catalog of gravity ŦƻǊ rigorious, single-row of classes I+II and class III in both 
systems was created

ÅWhy both frames?
ÅHow to "fill" no-data spots?

Gravimetry in the Central Geological Database (CBDG)
Error of adjusted gravity values of points III class



pgi.gov.pl

Differences in the gravity allow the 
creation of a mathematical 
recalculation models, that could be 
used in areas where we have no data to 
readjust or recalculate.

Mathematics:
1. Polynomials dg= f(j,l)
2. Interpolation grids 
3. A non-positional approach proposed 

by Torge

Gravimetry in the Central Geological Database (CBDG)
Mathematical relationship between old and modern frames
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Analytical approach

Polynomial (1,1) - RMS = 0.025mGal
Polynomial (2,2) - RMS = 0.023mGal
Polynomial (5.5) - RMS = 0.018mGal

A discreet approach

Interpolation grid with a resolution of 1 km, in 
terms of linear and cubic interpolation

Linear interpolation - RMS = 0.032mGal
Cubic interpolation - RMS = 0.031mGal

The weakness of these methods is the influence of 
position error, they cannot be used if we do not know it!

Gravimetry in the Central Geological Database (CBDG)
Mathematical relationship between old and modern frames
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Approach Torge

RMS = 0.032mGal

A relation without the use of coordinates, 
operating with coefficients responsible for shift 
and scale

Gravimetry in the Central Geological Database (CBDG)
Mathematical relationship between old and modern frames

gnew=gold + a + b * (gold ς g0)

gIGTRF = gPIG62 + (-13,991091)
 + (-0,0002030)*(gPIG62 + 980796,369)


