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IZVLECEK
V prispevku je podan pregled gravimetricnih meritey, ki so
se izvajale v Litvi v zadnjih dvajsetih letih. Prve absolutne
balistiéne gravimetricne meritve so bile opravijene na treb
tockah, izvedel jih je Jaakko Mikinen (Finski geodetski
institut), in sicer v letu 1994. Dosezena natancnost dolocitve
teznega pospeska je bila 5 pGalov. Te meritve so podlaga
za sprejetje gravimetricnega sistem IGSN71, ki v Litvi
nadomeséa predhodni Potsdamski gravimetricni sistem.
Nacionalna gravimetricna mreza prvega reda v Litvi je
bila vzpostavijena v obdobju 1998-2001. Sestavijena je
iz 51 tock. Meritve so bile opravijene s tremi do Sestimi
gravimetri LaCoste & Romberg. V letih 2007-2009 je
bila vzpostavljena gravimetricna mreza drugega reda.
Sestavijena je iz 635 tock. Meritve so bile opravijene z dvema
paroma gravimetrov Scintrex CG-5. Tezni pospesek je bil
izmerjen z natancnostjo pod 10 pGalov. Gravimetricna
karta Bouguerjevih anomalij, ki temelji na gravimetricni
izmeri iz obdobja 1954—1962, je bila ovrednotena glede
na podatke gravimetricne mrege. Rezultati ovrednotenja
kazejo, da je natancnost vrednosti teznih pospeskov, ki
izhajajo iz gravimetriine karte, priblizno 0,7 mGaloov
ter da je povprecna razlika med gravimetricnim sistemom
IGSN71 in Potsdamskim gravimetricnim sistemom na
ozemlju Litve priblizno 13,93 mGalov.
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ABSTRACT

The paper reviews the gravimetric measurements carried out
in Lithuania over the last twenty years. The first absolute
ballistic gravimetric measurements were carried out at the
three points by Jaakko Miikinen (Finish Geodetic Institute)

in 1994. The 5 uGal precision of the gravity acceleration

was derived. These measurements allowed to adopt the

IGSN7 1 gravity system in Lithuania instead of earlier used
Potsdam gravity system. The national first order gravimetric
network of Lithuania was developed during the period of
1998-2001. It consists of 51 points. The measurements

were carried out by 3—6 LaCoste & Romberg gravimeters.

In 2007-2009 the second order gravimetric network was
developed. It consists of 635 points. The measurements were

carried out by two pairs of the Scintrex CG-5 gravimeters.

The gravity acceleration was measured with an accuracy

better than 10 pGal. The gravimetric Bouguer anomaly

map, based on gravimetric survey of the period 1954—1962,

was evaluated against the gravimetric network data. The

results of the evaluation show that the accuracy of the gravity

acceleration value, derived from the gravimetric map, is

about 0.7 mGal and that the average difference between

the IGSN7 1 gravity system and Potsdam gravity system is

about 13.93 mGal in Lithuania territory.
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1 INTRODUCTION

The gravimetric observations give valuable information on detail gravitational field. This information is
necessary in solving various geodetic tasks of the high precision measurements (Mikinen et al., 2006;
Petroskevicius et al., 2008; Petroskevicius, 2004; Aleksejenko et al., 2012), performing investigations
of a geoid (Denker et al., 2008; Krynski and Lyszkowicz, 2007; Kuhar et al., 2011) and geodynamic
studies (Zakarevicius et al., 2011), executing the resources survey and in solving various geophysical,

navigational and similar tasks.

In Lithuania new gravimetric measurements were carried out during last twenty years. With the help
of Finish Geodetic Institute, absolute ballistic measurements of gravity acceleration (Mikinen and
DPetroskevicdius, 2003) were performed in three points in 1994 and this let to adopt new gravity system
instead of early used Potsdam system. In cooperation with the specialists of Institute of Geodesy and
Cartography of Poland and National Geospatial-Intelligence Agency of USA (NGA) the national first
order gravimetric network of Lithuania consisting of 48 points was developed (Sas-Uhrynowski et al.,
2002; ParSelitinas and Petroskevicius, 2007). In 2007-2009 the first order gravimetric network was
densified by the second order gravimetric network. The automatic gravimeters Scintrex CG-5 were used
for the gravimetric measurements. At present the gravimetric network of Lithuania consists of 686 points
(Birvydiené et al., 2009, Parselitinas et al., 2010), and this gravimetric basis could be used for further
investigations of the gravity field.

2 DATA AND METHODS

2.1 An adoption of new gravity system

The first measurements of gravity acceleration in Lithuania were carried out at the beginning of XIX
century (Petroskevicius, 2004). The measurements were performed by Vilnius university professor ]J.
Sniadeckis. At a later date, in 1865-1891, the director of Vilnius observatory P. Smyslovas performed
measurements of gravity with the reverse Repsold pendulum. In 1930-1934, according to the common
Baltic countries research programme, pendulum gravity measurements were carried out at 35 points. The
relation with the Potsdam initial point was determined. In 1968 the second order gravimetric network
consisting of 21 point was developed, the measurements were performed by relative quartz gravimeters,

and the accuracy of gravity acceleration of 0.2 mGal was achieved.

In 19761983 the relative pendulum gravity measurements were performed at the first order gravimetric

network points Vilnius and Klaipeda. The accuracy of gravity acceleration of 0.03 mGal was achieved.

Such a gravimetric basis with the Potsdam gravity system did not comply with the requirements for
further investigations of gravity field. It was necessary to establish contemporary more precise gravime-
tric base with the new gravity system. Institute of Geodesy at Vilnius Gediminas technical university

in coordination with National Geodesy and Cartography Service was responsible for solving this task.

With the help of Finish Geodetic Institute the absolute gravity acceleration measurements were carried
out at three zero order gravity stations in VILNIUS, KLAIPEDA and PANEVEZYS in 1994 (Mikinen
and Petroskevi¢ius 2003). The zero order gravimetric network points were mounted in the buildings
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in the ground floor rooms. Measurements were carried out by researcher Jaakko Mikinen by ballistic

gravimeter /ILAg-5 (Figure 1).

Figure 1: The absolute gravity acceleration measurements at zero order gravity station in VILNIUS

The 5 uGal precision of the gravity acceleration was derived. The absolute gravity measurements were repe-
ated in 2002. The differences of gravity acceleration values obtained from measurements performed in1994

and 2002 are: -10.7 pGal at station VILNIUS, -4.4 pGal at KLAIPEDA and -4.2 uGal at PANEVEZYS.

The absolute gravity measurements allowed to adopt the new gravity system of Lithuania instead of

Potsdam gravity system practically.

2.2 New gravimetric network

First order gravimetric network consisting of 48 points was developed in order to expand the new gravity
system to whole Lithuanian territory (Petroskevicius, 2004; Sas-Uhrynowski, 2002; Parselitnas and
Petroskevicius, 2007). The gravimetric points are spread evenly over the territory of country. Mostly
the major buildings and churches were chosen for establishment of the gravimetric points because of
calm and stable places. The gravimetric points are signed with the marks fixed into concrete foundation
or staircase. The normal height of the gravimetric points was determined by leveling from the nearest
benchmarks. The coordinates of the points were determined in Lithuanian coordinate system LKS 94
which corresponds to the ETRS 89 system. The gravimetric measurements of the network were perfor-
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med in 1998-2001 with the help of the specialists from Institute of Geodesy and Cartography (Warsaw,
Poland) by 3-6 LaCoste & Romberg gravimeters. The gravimeters G-1012, G-1036, G-1078, G-1084 of
Warsaw Institute of Geodesy and Cartography and gravimeters G-191, G-192, G-193 of NGA were used
for measurements. The calibration of the gravimeters was performed between absolute gravity stations
in Lithuania and Poland. Totally 117 gravity differences were observed. Every difference was measured
three times by three to six gravimeters. According to closing errors of the closed figures the accuracy of
single gravity difference (vector) of 6 pGal was achieved. The measurements of gravimetric network were
adjusted using software package GRAVSOFT. The three absolute gravity stations in Lithuania were chosen
as initial points. The errors of the initial points were taken into account. The accuracy of the adjusted

values of gravity acceleration did not exceed 4 pGal. The r.m.s. of a single measurement was 14 pGal.

The second order gravimetric network consisting of 635 points was developed in 2007-2009 in order
to densify the first order gravimetric network (Figure 2).

Figure 2: The scheme of the gravimetric points’ displacements (zero order points — biggest dots, first order — average size,
second order points — smallest dots; lines mark the measured gravity acceleration differences)

The most of the points are established near the churches and mounted like the points of the first order
network, and 25 stations of the LitPOS (Lithuanian Positioning System) network (ParSelitinas, 2008)
were embraced to the gravimetric network. The coordinates of the gravimetric points were determined
by GPS RTK method. Accuracy of positioning was 2 cm in horizontal and 3 cm in height. The normal
heights of the points were calculated using quasigeoid model. The gravimetric measurements of the net
were performed by four gravimeters Scintrex CG-5. The calibration of the gravimeters was carried out
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before and after every season of measurements. Two gravimeters were used to measure the gravity at the
point. On 282 points the measurements were performed twice or more. The estimation of the results from
double measurements showed that the accuracy of single measurement performed by two gravimeters is
6 pGal. The measurements were adjusted using software package GRAVSOFT.

The Lithuanian National Gravimetric Network was adjusted in two variants. In the first variant the refe-
rence points were all the points of the first order gravimetric network and three absolute gravity points,

and in the second variant the initial points were only three absolute gravity points.

The adjustment procedure of the first variant gave the standard deviation of the single observation
equal to 5 uGal, and standard deviation of gravity acceleration of the single points equal to 2 pGal. In
the second variant the values of gravity acceleration changed in 4 pGal. The standard deviation of the
single observation equal to 5 pGal, and standard deviation of gravity acceleration of the single points
equal to 3 uGal were received. The obtained corrections to the initial points are: VILNIUS — -2 uGal,
KLAIPEDA — +2 pGal, PANEVEZYS — 0 puGal. The corrections to the gravity acceleration values of the
first order gravity points were from —14 pGal to 25 pGal. Results are shown in the Figure 3.

Figure 3: The corrections to the gravity acceleration values of the first order gravity points

Therefore new gravimetric network in Lithuania consist of 686 points in total.

2.3 Evaluation of the gravimetric map

The main source of the detailed gravity field in Lithuanian territory is the map of Bouguer anomaly of
gravity field in scale 1:200,000 (Petroskevi¢ius, 2004). The map was based on data from gravimetric survey
made in period of 1954-1962. The third class gravimetric network consisting of 105 points where the
standard deviation of the gravity acceleration does not exceed 0.35 mGal was used as base for the map.
The coordinate system of 1942, the Krassovski ellipsoid and Baltic normal height system were used for
mapping. The gravimetric Bouguer anomalies were presented at each point in the map and the number
of points is more than 10,000. The Helmert’s formula for the estimation of normal field and the density
of the Earth’s crust 6 = 2.3¢/cm’® were used for calculations of the anomalies. Also the gravimetric field is
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presented by isolines at every 2 mGal. The data of the gravimetric network points were used to estimate

the accuracy of gravimetric map. The Bouguer anomalies were calculated according to the equation:

(g,— H) ;= g, — 7", + 0.3086H_— 0.04195 - H, (1)

where there are g, — Potsdam system gravity acceleration measured at the point on the Earth surface;
7}, — the acceleration of Helmert normal gravity field on equipotential ellipsoid surface; H — Normal
height at point on the Earth’s surface, 6— density of the Earth’s crust. The acceleration of Helmert normal

gravity field on equipotential ellipsoid surface is calculated as:

y" = 978030(1 + 0.005302sin’B,, — 0.000007sin’B,)), 2)

where B, is latitude of 1942 year coordinate system. In order to derive the gravity acceleration from the

map the following equation was used:

2,,=(g,— 7,),+ 7%,0.3086H —0.04195 - H. 3)

H

The gravity acceleration at the gravimetric point of height A can be obtained using the equations:

&=8&. (4
dg= Ay, (h) —2-0.04195 - b, )
when H > H, h=H - H,
Here
Ay, (h) = 0.30855 (1 + 0.00071cos2B, ) — 0.0723 - 1057, (©)

— correction of the height;

dg=—Ay, (h), 7)
when H < H, h=H — H.

3 RESULTS AND DISCUSSION

The calculated differences of the gravity values derived from the gravimetric map and measured at
the gravimetric points vary in the range of 10.74-17.76 mGal. The average value of the differences
is 13.931 mGal. This value characterizes the difference between two systems used in Lithuania: the
previously used Potsdam system and new gravity system of Lithuania based on absolute gravity survey.
Using the obtained differences of gravity acceleration and taking into account the accuracy of gravity
acceleration derived from measurements at gravimetric points, the accuracy of the gravity acceleration
obtained from the gravity map is 0.7 mGal.

A digital gravity acceleration values correction model derived from the map was created. The model graphical

representation is shown in Figure 4. The map corrections are presented using isolines for each 0.5 mGal.

By analysis of the data in Figure 3 we can note that there is a systematic error in some places in the map.

The correction model could be used for revising gravity values derived from the map.
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Figure 4: The graphical view of the model of the gravity anomalies corrections in mGal

Figure 5: The lines of the gravimetric measurements in 2010-2012
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The accuracy of gravity values received from the map and correction model was estimated. For that aim

the new gravity measurements data of 2010-2012 campaign at 228 geodetic vertical network points
were used. The lines of the vertical network where the gravity measurements were carried out are shown

in Figure 5.

i)
==

The measurements were carried out by two gravimeters Scintrex CG-5. The accuracy of gravity accelera- =

tion estimated from the double measurements does not exceed 14 uGal. The gravity acceleration values
from the gravimetric Bouguer anomaly map were calculated at the measured points. These values were
adjusted with the corrections from the model. Revised gravity values derived from the map differ from
the measured values in the range from -2.39 till +1.28 mGal (Figure 6). The range of gravity values

differences is shown in Figure 7.
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Figure 6: The differences of the gravity values in mGal
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Figure 7: The distribution of the differences of the gravity values in mGal
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The corrections let improve the standard deviations of the gravity acceleration values, obtained from the
map, from 0.7 till 0.5 mGal.

4 CONCLUSIONS

The new gravity system of Lithuania was defined by absolute ballistic measurements performed at three
points where the gravity acceleration was determined with the accuracy of 5 pGal. The accuracy of the
gravity acceleration at Lithuanian gravimetric network consisting of 686 points, where the Scintrex CG-5
gravimeters were used for measurements, does not exceed 10 pGal. The mean square error of the gravity
acceleration values obtained from the gravity map is 0.7 mGal. The error calculated comparing values

obtained from gravity map and values from the measurements at the network points.

The gravity acceleration values correction model based on gravimetric measurements of the net was cre-
ated for improving data obtained from the gravity map. The correction of the gravity acceleration values
with this method improved the accuracy to 0.5 mGal. Based on the gravity map and new gravimetric

measurements data the difference between the previously used Potsdam and new gravity systems was

determined. The average difference value is 13.931 mGal.

References

Aleksejenko, 1., Sakne, J., Kalinka, M., Reiniks, M., Kalantaite, A, KrikStaponis, B,
Parselitnas, E., Petroskevicius, P, Viskontas, P.(2012). The united geodetic vertical
network of Latvia and Lithuania. Geodesy and cartography, 38(1), 9-19. DOI:
http://dx.doi.org/10.3846/20296991.2012.679800

Birvydiené, R, Obuchovski, R, Parseliiinas, E., Petroskevicius, P, Slikas, D., Viskontas,
P (2009). The parameters of the Lithuanian gravimetric network. Geodesy
and cartography, 35(4), 131-136. DOL: http://dx.doi.org/10.3846/1392-
1541.2009.35.131-136

Denker, H., Barriot, J.P, Barzaghi, R, Fairhead, D,, Forsberg, R., Ihde, J., Kenye-
res, A, Marti, U, Sarrailh, M., Tziavos, LN. (2008). The Development of
the European Gravimetric Geoid Model EGGO7. International Association of
Geodesy Symposia, 133(2), 177-185. http://www.geology.ohio-state.
edu/~jekeli.1/iag-commission2/IUGG2007_files/reviewed_papers/
Denker_etal_11370_colorpdf

Krynski, J, Lyszkowicz, A. (2007). Centimetre Quasigeoid Modelling in Poland Using Hetero-
geneous Data. In Proceedings of the 1t International Symposium of the Inemational
(Gravity Field Service Gravity Field of the Earth'” 28 August—1 September, 2006 Istanbul,
Turkey / General Command of Mapping. June 2007, Special Issue 18, 37-42. http://
www.hgk.msh.gov.tr/dergi/makaleler/ozel 18/0zel18_7.pdf

Kuhar, M., Berk, S., Koler, B., Medved, K., Omang, 0, Christian D., Solheim, D. (2011)
Vioga kakovostnega visinskega sistema in geoida za izvedbo GNSS-visino-
merstva (The quality role of height system and geoid model i the realization
of GNSS heighting). Geodetski vestnik, 55(2), 226-234. DOI: http://dx.doi.
0rg/10.15292/geodetski-vestnik.2011.02.226-234

Makinen, J, Lilje, M., Engsager, K., Eriksson, PO,, Jepsen, C,, Olsson, O.A., Saaranen,
V., Schmidt, K., Svemsson, R,, Takalo, M., Vestol, 0., Agren, J. (2006). Regional
Adjustment of Precise Levellings around the Baltic. Mitteilungen des Bundesam-
tes fiir Kartographie und Geodasie. Band 38. EUREF publication 15: 171-183.

Petras Petroskevicius, Eimuntas Parseliunas, Rosita Birvydiene, Darius Popovas, Romuald Obuchovski, Lina Papsiene

QUALITY ANALYSIS OF THE NATIONAL GRAVIMETRIC NETWORK OF LITHUANIA | 746-755)

Makinen, J Petroskevicius, P. (2003). An analysis of the absolute gravity measurements
in Lithuania. Geodesy and cartography, 29(4), 99-105. DOI: http://dx.doi.or
/10.1080/13921541.2003.10553003

Parselitnas, E., Petroskevicius, P. (2007). Quality of Lithuanian National Gravimetric
Network. Journal of Mapping, (Harita Dergsi), Special Issue 18, 388-392.
http://www.hgk.msb.gov.tr/dergi/makaleler/0ZEL18/0zel18_67 pdf

Parselitinas, E.K. (2008). LitPOS — a service for precise positioning in real time. The
25th International Symposium on Automation and Robotics in Construction
(ISARC2008): selested papers, June 26-29, 2008 Vilnius, Lithuania, 379-383.
http://dspace.vgtu.lt/handle/1/439

ParSelitinas, £, Obuchovski, R., Birvydiené, R., Petroskevicius, P, Zakarevicius, A.,
Aksamitauskas,V.C., Rybokas, M. (2010). Some issues of the national gravimetric
network development in Lithuania. Journal of vibroengineering, 12, 685—-690.

Petroskevicius, P, (2004). Gravitation field effect on geodetic observations. Technika, Vilnius.

Sas-Uhrynowski, A., Mroczek, S., Sas, A, Petroskevicius, P, Obuchowski, R., Rimkus,
0., (2002). Establishment of Lithuanian national gravimetric first order network.
Geodesy and cartography, 28(3), 75-82. DOI: http://dx.doi.org/10.1080/1
3921541.2002.10552960

Petroskevicius, P, Popovas, D, Krikstaponis, B., Putrimas, R, Biga, A., Obuchovski, R.
(2008). Estimation of gravity field non-homaogeneity and variation for the vertical
network observations, in The 7th International conference ,Environmental
engineering”: Selected Papers (22—23 May 2008, Vilnius, Lithuania) 3, 1439
—1445. htp://leidykla.vgtu.lt/conferences/environmental_engi-
neering_2008/files/pdf/petroskevicius_et_al_estimation.pdf

Takarevicius, A, Sliaupa, S, Parselitinas, E, Biiga, A, Stanionis, A. (2011). The dispersion of
horizontal tectonic stresses in the earths crustin the Baltic region. Geodesy and carto-
graphy,37(2), 77-83.D0L hitp://dx doi.org/10.3846/13921541.2011.595171

ANALIZA K/

VOSTI NACIONALNE GRAVIMETRICNE MREZEV LITVI| THE



http://dx.doi.org/10.3846/20296991.2012.679800
http://dx.doi.org/10.3846/1392-1541.2009.35.131-136
http://dx.doi.org/10.3846/1392-1541.2009.35.131-136
http://link.springer.com/search?facet-author=%22J.-P+Barriot%22
http://link.springer.com/search?facet-author=%22R+Barzaghi%22
http://link.springer.com/search?facet-author=%22D+Fairhead%22
http://link.springer.com/search?facet-author=%22R+Forsberg%22
http://link.springer.com/search?facet-author=%22J+Ihde%22
http://link.springer.com/search?facet-author=%22A+Kenyeres%22
http://link.springer.com/search?facet-author=%22A+Kenyeres%22
http://link.springer.com/search?facet-author=%22U+Marti%22
http://link.springer.com/search?facet-author=%22M+Sarrailh%22
http://link.springer.com/search?facet-author=%22I.N+Tziavos%22
http://www.geology.ohio-state.edu/~jekeli.1/iag-commission2/IUGG2007_files/reviewed_papers/Denker_etal_11370_color.pdf
http://www.geology.ohio-state.edu/~jekeli.1/iag-commission2/IUGG2007_files/reviewed_papers/Denker_etal_11370_color.pdf
http://www.geology.ohio-state.edu/~jekeli.1/iag-commission2/IUGG2007_files/reviewed_papers/Denker_etal_11370_color.pdf
http://www.hgk.msb.gov.tr/dergi/makaleler/ozel18/ozel18_7.pdf
http://www.hgk.msb.gov.tr/dergi/makaleler/ozel18/ozel18_7.pdf
http://dx.doi.org/10.1080/13921541.2003.10553003
http://dx.doi.org/10.1080/13921541.2003.10553003
http://dspace.vgtu.lt/handle/1/439
http://dx.doi.org/10.1080/13921541.2002.10552960
http://dx.doi.org/10.1080/13921541.2002.10552960
http://leidykla.vgtu.lt/conferences/environmental_engineering_2008/files/pdf/petroskevicius_et_al_estimation.pdf
http://leidykla.vgtu.lt/conferences/environmental_engineering_2008/files/pdf/petroskevicius_et_al_estimation.pdf
http://dx.doi.org/10.3846/13921541.2011.595171

GEODETSKIVESTNIK

Petroskevicius P, Parseliunas E., Birvydiene R., Popovas D., Obuchovski R., Papsiene L. (2014). The quality analysis of the national gravimetric network of
Lithuania. Geodetski vestnik, 58 (4): 748-755. DO 10.15292/geodetski-vestnik.2014.04.746-755

Full Prof. Dr. Petras Petroskevicius

Vilnius Gediminas Technical University,
Department of Geodesy and Cadastre
Sauletekio av. 11, LT-10223 Vilnius, Lithuania
e-mail: petras.petroskevicius@vgtu.lt

Full Prof. Dr. Eimuntas Parseliunas

Vilnius Gediminas Technical University, Institute of Geodesy
Sauletekio av. 11, LT-10223 Vilnius, Lithuania

e-mail: eimuntas.parseliunas@vgtu.lt

Rosita Birvydiene, PhD student

Vilnius Gediminas Technical University,
Department of Geodesy and Cadastre
Sauletekio av. 11, LT-10223 Vilnius, Lithuania
e-mail: rosita.birvydiene@vgtu.lt

Petras Petroskevicius, Eimuntas Parseliunas, Rosita Birvydiene, Darius Popovas, R
QUALITY ANALYSIS OF THE NATIONAL GRAVIMETRIC NETWORK OF LITHUANIA | 746

]

omuald Obuchovski, Lina Papsiene

Dr. Darius Popovas

Vilnius Gediminas Technical University,
Department of Geodesy and Cadastre
Sauletekio av. 11, LT-10223 Vilnius, Lithuania
e-mail: darius.popovas@vgtu.lt

Assoc. Prof. Dr. Romuald Obuchovski
Vilnius Gediminas Technical University,
Department of Geodesy and Cadastre
Sauletekio av. 11, LT-10223 Vilnius, Lithuania
e-mail: romuald.obuchovski@vgtu.lt

Lina Papsiene, PhD student

Vilnius Gediminas Technical University,
Department of Geodesy and Cadastre
Sauletekio av. 11, LT-10223 Vilnius, Lithuania
e-mail: lina.papsiene@vgtu.lt

ANALIZA K VIETRICNE MREZE V

OSTI NACIONALNE GR

LITVI| THE

|58/4]

EN

1755



