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COMPILED ON THE BASIS OF ABSOLUTE GRAVITY VALUES
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Abstract An optimum point model of the global gravity field was compiled on the basis of data for absolute valyes
of gravity. The model was composed of point masses. Optimum paramelers of the masses were deternuned by the
least squares method This model 1 umque and stable for the used set of data and provides the best description of
the field with least number of parameters of the sources. It approxinates the used absolute values of the gravity with
a mean square error of about 40 mGal, and only for data from the USA territory - 30 mGal, The Jield of the
optimum point model is close in values to the field of the reference ellipsoid (the normal gravity field), and thar of
the residual anomalies - to the free-air anomalies. An advantage of the poini model of the earth's global field in
comparison to the ellipsoidal one, is its flexibility and higher precision in data processing and its application in

geophysics and geodesy.

Introduction

The idea of presenting the earth's gravity field and its
sources by an optimal model of point masses was pro-
posed in 1962 by the outstanding Bulgarian scientist
Dr. Dimitar Zidarov (Zidarov,1992). J. A. Weightman
(1967) suggested that the point masses should be used
in geodesy to create a mathematical model of gravity
field Due to the advantages of this class of models to
the traditional decomposition of gravity potential to
spherical functions the idea got a wide development
We are not going to mention all of the numerous pub-
lications on the above problem, since they refer main-
Iy to the formal description of the gravity field. We
would recommend the works of Meshcheryakov, Mar-
chenko and others to those to those. interested in the
multipoint medels of the geopotential. Worth mentio-
ning are the papers of 1. Jelev.

In our paper we offer an approach of creating an
optimal peint model of the Earth and its gravity field
using non-reduced gravity data.

As an approximale construction the point model is
universal (it approximates arbitrary, smooth encugh
functions of mass distribution), expressive (it allows

the description of both the primary and secondary
elements of complex mass distributions, using finite
number of parameters) and flexible (it gives the possi-
bility to use models of different complexity). The mo-
del construction reduces to the solution of the inverse
gravity problem.

When the experiment is successful, ie a unique
and stable model of point masses for the given set of
data is constructed, the obtained physical and mathe-
matical model gives the possibility for a more radical
way of solving all gravity and geodetic problems.

In order to avoid non-uniqueness and mstability of
the problem and to find concrete models, two impor-
lant questions should be answered: how 1o define the
maximum number of point masses and how to find a
unique and stable solution within the chosen class of
maodels.

It is obvions that the bigger the number of the po-
It masses is, the more precise the approximation will
be. 1t is also clear that the information, on which the
density cross-section of the Earth is modelled, is finite
and the complexity of the model is limited. The appro-
ximation is made by gradually making the model more
elaborate, until reaching a model class, for which a
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unique and stable solution dees not exist. When that
degree of model complexity is reached that would
mean that the whole nformation has been exploited
out of data. At the second stage of the problem sotu-
tion, the uniquely defined point masses should be redi-
stributed to bodies of given density by applying the
method of the "sweeping" of the masses, proposed by
D. Zidarov (1968, 1984, 1990),

Unique and stable point models can only be foumd
by selection, based on minimisation. The square me-
thod has an advantage in this case. The convergence
of the tteration procedure in the pont of global mini-
mum 1s proved.

Mathematical formulation and
solution of the problem

The mathematical formulation of the inverse gravity
problem is: the abselute values of earth acceleration
o(P; ) are given at points P; , i = 1, ..., n of the earth's
surface and also the relation between g,( Py ) and the
parameters m of the model.

A unique and stable model m is 10 be found,
whose field differs from the real geologic body with a
mimmum value.

The given values of the earth's acceleration form a
number of data y and define a n - dimensional vector
Y. The function g(P; ) is the operator solving the
direct problemi . The model m is a function of
parameters q; , j = 1,..., 8. In order 1o find the unique
and stable model m . we have lo determine the
operator @, the inverse operator of ®. To solve this
problem we apply the automatic selection where the
inverse operator will be the ninimisation procedure on
the following objective function.

U=Y[g(P)-g, (B
=1

The minimisation of the objective function U will
be done by the least squares method {Gauss-Newton
method of minimisation of the corrections developed
by us, which is much similar to the methods of
Levenberg and Marquardt.

The optimal multipoint model found by unreduced
data will be the simplest model possible which descri-
bes the gravity field with high precision. For example
the normal field calculated by the Helmert formula was
approximated with precision of (.007 mGal with 9
point model with the parameters shown in the Table 1.

Tt is obvious that the construction of such an opti-
mal multipoint model of real data would create possi-
bilites for quick and precise solution of a variety of
geodetic problems related to the shape of the geoid

and the trajectories of the artificial satellites of the
Earth.
Table 1

X; [km] | Y;[km] |Z; [km] £M,

92.9333 -347.0725 -0.0001 34019.88378
-92.9336 347.0724 -0.0001 34019.88368
347.0724 929333 -0.0001 34019.88363

-347.0724  -92.9335 -0.0001 34019.88385
3111312 -179.7036  0.0000  34019.88382
~311.1312 179.7033 0.0000 3401988381
179.7034 311.1311 00000 34019.88363

1797035 -311.1311 0.0000 34019.88388

0.0000 0.0000 0.0000 126444.13071
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The proposed method for selutions of the inverse
gravity problem was applied on 701 absclute values of
gravity, measured with a gravity pendulum. The basic
part of the data - 440 measurements - were taken on
USA territory  The rest of the points (261) are from :
Europe - 87, Antarctica - 56, the Far East - 92,
Australia - 8 and etc. - 43 (Lejay - 1936, 1938, 1939;
Duerksen - 1949; Uctila - 1960 ).

On the bases of this data we found a unique and
stable model with 4 point masses with the parameters
shown in the Table 2.

Table 2.

X km] | Vifkm] | Zkmp | tw

N

1 129.069  -452.488  -23.279  42286.21
2 217.952 76.414 3.969 164639.40
3 -226.515 -52.757 7.717 161477.30
4 -158.07¢  499.096  -30.659 30157.03
1-4 398609.94

The field of this mode] approximates the real data
of gravity at the 701 physical points with mean square
error 40.01 mGal. The error of approximation of the
American data is 30 mGal. The residual field can be
used for qualitative interpretation m geology We have
constructed a map of the residual anomalies for the
territory of the USA (Fig. 1).

The attempts for constructing a more complex and
stable model did not give results, which means that
most of the information have been extracted from the
given set of data and that the information about the
residual field is insufficient 1o solve the inverse
problem. The residual field, though, could be used for
qualilative interpretation in geology. For that purpose
we have compiled a map of the residual anomalies on
the territory of the USA. The comparison with the
maps of the free-air anomaly (Fig.2) and the Bouguer
anomaly (Fig.3) shows that the residual anomalies are
close in pattern to the free-air anomalies. That is
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USA RESIDUAL ANOMALY MAP AFTER APPROXIMATION

OF THE GLOBAL GRAVITY FIELD WITH 4 POINT MASSES
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natural because real vertical gradient for the territory
of the USA is close in value to the normal vertical
gradient. The difference is that the global gravity field,
which s subtracted from the measured field, is a field
of an optimal, not an 1deal model of the Earth. That
means that the residual field will be reduced better
from anomalies of non-geological origin. For cother
areas of the Earth, thongh, the differences between
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both anomalies can be considerable
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USA BOUGUER ANOMALY MAP
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Crosan Asaer, Cimeon Kocrauen, Benicnas Croasos
OINTUMAJIEHA MO/JETE TOUKOBHMX MAC [PABITALIIMHOI'O [10J151 3EMUTL,
[1OBY HOBAHA 3A ABCOJIOTHMMU 3HAUEHHAMHK CUIU BATH
Pesome
OnTUMATbHI MAPAMETPH TOYKOBHX MAC IIOOATLHOTO rpaBiTalifHore mojs O6yiu BH3HAMCHI 3 BHKOPHCTAHHAM
METOAY HAHMEHINMX KBADATIB 3a ADCOMIOTHUMH 3HAUCHHAMM CWIM Bard. MOJEns 3 MIHIMAIBHOK KUIBKICTIO
napaMeTpiB NpPeACTaB/Ise AOCOMOTHI FHAUEHHS CHIM BATK 3 CEPEAHBOK KBAJAPATHUHOK NOMHIKOK 40 mlaa, a
TimbkH Ha Teputoptt CLUA — 30 mIan Tose mobyaosanol Mozem ¢ 6:1u3skiM A0 no1s pedeperu-emncoiga.

Crosn Apaes, Cumeon Kocranes, Benncnas CTosHOR
OITTUMAJTBHA S MO JEJTE TOUYUYHBIX MACC I'PABUTALIMOHHOTO TIOJIA 3EMITH,
[TOCTPOEHHAA 110 ABCOJIFOTHLIM 3HAYEHUAM CWIbI TOKECTH
Pezrome

ONTHMAJIBHBIE NMAPAMETPBI TOUEUHBIX MAcC IT00ANbHOTO TPABHTALMOHHOTO Mo ObUIM OTPEdENeHbl C
HCMIOAB30BAHMEM METOSA HAHMCHBLIIHX KBAXPATOB 1O aDCOMIOTHEIM 3HAYCHHAM CHMBL TsokeCTH, Monens c
MHHHMATBHBM KONMUECTBOM TNAPAMETPOE mpeacraBaser (OCOMOTHBIE 3HAMCHHS CHIBL THAMECTH CO CpeaHei
kBaapaTaucckol ommbrol 40 mlam, a Tonsko Ha Teppuropuk CLIA ~ 30 mIan. Ilone nocTpoeHHOH MoOAenH
GIH3KO X MO0 pelepeHL-e/UIHNCORIA
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