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Relationship between reliability of the Hungarian part of 
the geoid and the spatial distribution of gravity data
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It was assumed that only one gravity field exists consequently the geoid is unique irrespective 
of the mathematical means utilized for its determination. The increase in the number of gravity 
measurements improves the resolution of the known gravity field consequently the calculated geoid 
will have more details and will more precisely approximate the real geoid. The errors of sampling 
(about the density of gravity measurements), of interpolation, and of different models used for the 
calculations were studied. Since the covariances representing the statistical nature of the gravity 
field are unknowns the effect oi the changes in the following quantities were investigated: Faye- 
anomalies, geoid undulations, deflection of the vertical, gravimetric correction, the deflection-com
ponent of the gravimetric correction and the curvature. The gravity data were derived from two dif
ferent data sets, viz. 1993 and 1995 of ELGI. The investigations of gravimetric correction as the 
potential error fulfilled the expectations because its variations caused ± 1-2 cm undulations of the 
geoid. Since this quantity is a measure of local deformations it represents the refinement of the geoid 
and offers better resolution. The regional errors of the global (long wave) components of the gra
vimetric geoid can be eliminated by evaluating the so called ‘GPS elevations’, which can be calcu
lated from the ellipsoidal and orthometric heights derived from GPS measurements and high order 
levelling respectively. From the point of view of practical application, since the GPS reference 
points are between 30 and 70 km apart, the refinement of the local geoid is a necessity. The refine
ment can be based on detailed gravity data.
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1. Introduction

One of geodesy’s long-term scientific tasks is that of studying the ge- 
oid as a representation of the figure of the Earth determined by the gravity 
field. In view of the rapid expansion of the 3D positioning technique, the 
Global Positioning System (GPS) for everyday surveying and engineering 
tasks requires ever-increasing accuracy in determining the geoid.

Judjing from Hungarian experience the present level of accuracy of 
the local geoid means that geometric levelling cannot be substituted by the 
GPS technique since the accuracy of the vertical coordinate determined by 
the GPS technique is significantly lower than that of the horizontal coordi
nates.

2. Aim of our studies

The aim of this study was to get an answer as to how the increasing 
number of gravimetric measurement sites in a certain area influences the 
accuracy of the local geoid. Our principal idea is that since there is only one 
gravity field, there can only be one geoid and it is completely another ques
tion as to what kind of technical-mathematical apparatus is used to pro
duce this surface. Since the increasing number of gravity measurements 
(hereafter ^--measurements) results in a better resolution of the gravity 
field the resulting change of geoid undulations due to this densification in
evitably yields increasing reliability o f  the geoid because the same physi
cal reality is involved. In fact this is what is needed in GPS applications, 
viz. more reliable undulations at certain points, not an overall increase of 
statistical accuracy of undulations (although there is a connection between 
the two).

In this paper we regard the local geoid as that component of the geoid which is the effect of the 
irregular mass distribution of the Earth’s crust and is reflected in gravity anomalies; in other words, 
that component which represents the short- and intermediate wavelength anomalies of the geoid.
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Thus, our goal is to study the increase of accuracy. Here, we should 
like to show only certain general aspects of accuracy analysis of the theory 
of errors thereby making some preliminary steps towards the future task of 
its solution. The study of reliability and representation improvement is 
phenomenological and our mathematical analysis serves as a numerical 
support.

3. Main principles

The starting point of our study was the fact that today’s accuracy of 
gravimetric measurements exceeds by orders of magnitude the accuracy 
required by geoid determinations. Therefore we are not investigating the 
reliability of each item of gravity data but the effect of gravimetric cover
age: we are dealing with the error of representation and the accuracy of 
mathematical processing (model error).

— The reliability of representation is a measure of the goodness of the 
approximation of the real gravity field by using a certain set of grav
ity data over a given area; this simply means the distribution and 
density of measurement points and we are looking for the effects of 
this density variation. Bearing in mind that nowadays for any kind 
of study connected with the geoid regular grids are used exclusively, 
the so called interpolation error cannot be neglected. This problem 
has been thoroughly discussed in the literature. In the case of Hun
gary, SÁRHIDAI [1993] is cited and his results are referred to else
where in this paper.

— So far as mathematical processing (the above mentioned techni
cal-mathematical apparatus) is concerned, two modells can be ap
plied: one is the Stokes-integral, the other is the Vening-Meinesz 
integral. The first one directly yields undulations, the second one in
directly through the deflections of the vertical. (In recent years a 
new method has gamed ground, viz. the stochastic model).

The geoids under discussion are ‘gravimetric’ ones, i.e. the undula
tions are computed by the Stokes-integral. This is done through two steps: 
the so-called long wavelength part — the global geoid as an overall picture
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— is computed from spherical harmonic series; the medium and short 
wavelength part— the local geoid, which is characteristic of the local fea
tures — is computed from gravity anomalies. It is easy to estimate the accu
racy of the global geoid because of its analytical form and abundant litera
ture is available in this field e g. [ÁDÁM 1993] With regard to the local ge
oid the task is somewhat harder since in lack of a mathematical algorithm 
one would rely on numerically derived covariances only, but because the 
covariances reflecting the statistical behaviour of local gravity fields are 
not known, one is forced to adopt an empirical approach. For this reason 
the error study of local geoids is rather incomplete — though in recent 
years this field has witnessed promising investigations in Hungary. These 
facts were taken into account when the set of variables to be studied was 
constructed. As we will see later on, the development of the Hungarian 
gravity data bank (the more detailed representation of the gravity field) has 
led to changes of several centimetres in geoid determination. This is im
portant since just the construction of a geoid of centimetre reliability is the 
most important task of today and of the near future. It will be shown that on 
the one hand these variations in the undulations are non-random (noise) but 
reflect a real reliability improvement; on the other hand the distribution of 
these variations show a very strong regularity — mostly as a function of 
the topography. It is generally known that Faye-anomalies and derived 
quantities also strongly correlate with topography, so they establish a re
gional representation of ‘g ’ (since ‘noise’ cannot have structure, it cannot 
be regional). To complete the study a gravity data bank and test areas of dif
ferent morphology are required.

4. Variables to be studied

In Hungary two methods of geoid determination are applied: the first 
one (of a temporary nature) is astro-gravimetric, the second one is gra
vimetric. There is a principal difference between the two techniques. The 
astro-gravimetric method is an improvement over conventional astro
nomic levelling in a physical sense and so — indirectly — undulation dif
ferences are computed from deflections of the vertical. The improvement
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lies in the fact that the hypothetical linear change of deflections of the ver
tical inherent in astronomic levelling is resolved by the gravimetric correc
tion (hereafter: GK), which can be computed from gravity anomalies [BÍRÓ 
1985, GAZSÓ, TaRASZOVA 1984, MûLODENSKII et al 1962] Although de
rived by simple algebraic considerations it carries a physical meaning 
therefore it may be used as a quantity for comparison even for the gra
vimetric geoid: it makes manifest by how much it would improve the re
sults of astronomic levelling, which is geometrically correct but physi
cally all the more unrealistic. In this sense it reflects the effects of the den
sification of g-measurements.

Gravimetric geoid determination is completely different: geoid 
heights are directly determined through the Stokes-integral, hence the re
sult is a discrete set of undulations In the astro-gravimetric process closed 
polygons can be assembled and r.m.s. errors can be determined by adjust
ing their closure errors — at least as regards the internal accuracy. Seem
ingly there is no such condition in the gravimetric geoid but through the GK 
one such a condition can be set up. It may seem that the GK is tied to astro- 
gravimetric levelling and it is really so for the geoid determination tech
nique. On the other hand it also has a more general potential theoretical 
meaning; in other words to what extent this set of undulations represents — 
in linear terms — a level surface, the geoid.

A sufficient condition for two points and all points along their inter
connecting curve to be on the same level surface (geoid) is that the tangents 
at each and every point of the curve must be perpendicular to the normal of 
the level surface (Fig. /).

Notations:
i, к  — two points in space 
g — gravity
n — unit vector of the inner normal of the level surface 
T — tangent vector at any point of the i and к curve section 
s — projection of / onto the ellipsoid 

N  — undulation
0  — projection of the deflection of the vertical onto the osculating 

plane of the interconnecting curve.
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Fig. 1. Gravimetric correction scheme 
1. ábra. A gravimetriai korrekció fizikai értelmezése

The condition of perpendicularity at any point of the curve is fulfilled 
when the scalar product n ■ I vanishes (n ■ 1 = 0). In geodesy the astro
nomical coordinate minus ellipsoidal coordinate gives the sign of vertical 
deflection, consequently:

- 1  / p " - g -  & s -  g(Nk -  N J  = 0

By assuming linearity this pointwise condition can be transformed 
into a sidewise one:

(Nk - N J  + 1/2 p "  (0 , _©,) sa  = (GK) = (PE)  ' g

The left side of this equation is precisely the formula of G K , and P E  
represents the ‘potential error’, thus referring to the difference with respect 
to the condition. By dividing the potential error between points ‘Г and lk ’ 
by lg > and making it equal to zero means the same as reducing G K  to zero.

We would mention that the same result will be obtained from potential 
theory if work is done along the direct path between two points or it is 
summed up from work done along the horizontal and vertical paths. After 
all these preliminaries, changes of our two variables to be studied, viz. un-



... reliability o f the Geoid and the ...distribution o f gravity data... 89

dulation W an d  gravimetric correction GK, will be determined and com
pared. If  the letter D is used to denote differences then the expression.

DX = X95 — Хс)з

denotes the difference of a certain quantity X  based on two data archives 
belonging to the years indicated by the lower indices [KOVÁCSVÖLGYI 
1994].

It is mentioned that since values of N  are computed by the Stokes-in
tegral, and the Vening-Meinesz formula is also needed to determine the 
GK values, these latter values also contain information on modelling er
rors. In addition to the quantities DN  and D(GK), the components of the 
latter were also studied:
Quantities at points:

F — Faye- (free-air) anomaly 
N  — undulation
0 "  — (£2 + rj5 * 7 * *)12 magnitude of deflection of the vertical 

Quantities along sides:
GK  — gravimetric correction
©+ =1/2 p"(@k + ©<) Sit —  deflectional component of GK 

where siik = 2.83 is the diagonal of the grid square 
0 “ = 1/2 p"(@k — ©() s,, к — measure of curvature (which is the limit 

of the differential rotation of the tangent of a superficies 
curve)

Quantities along sides were computed for both SW-NE and SE-NW 
directions, the positive direction always being the direction from S to N. 
These above-mentioned directions were denoted by a  and ß  in the compu
tations.

5. Some considerations on the variables

Many qualitative statements can be drawn from the different values of
the variables:

D F  — this can be regarded physically as mass surplus (DF > 0) or
mass deficit ( DF< 0), from this follows its effect on the shape of the geoid.
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D N — if DN  >0 then the computed quantity indicates a ‘mass sur
plus”; if  DN <0 the reverse is true. Generally speaking, DN  indicates the 
local rismg/sinking of the geoid surface.

©^ — we have only qualitatively studied sign changes of curvature 
and inflections; if  ©“>0 then the geoid surface is concave from below, if 
©-< 0 then it is convex.

Since GK is proportional to PE, if GK> 0 then th e ‘tilt’of the tangent 
to the geoid means increasing Nk and GK < 0 means its decrease with re
spect to N , , if  the positive direction is z->k.

6, Preparation and visualization of variables for study

The area of evaluation of gravity anomalies was reduced to 50x50 km 
from 100x100 km on the 2x2 km grid to make the effect of neighbouring 
areas more pronounced.

Quantities defined at points were represented at grid points and those 
defined along sides were relocated to the NE and NW corners of grid 
squares.

Plots were made for each study, in some cases the isolines were also 
provided.

7. Regions under investigation

For our present studies two morphologically different regions were se
lected where there has recently been a considerable increase of gravity 
data. The first one (A) is the region where the Transdanubian Hills and the 
Great Hungarian Plain meet and where a characteristic topographic fea
ture, the Tolna Ridge, rises in an approximately north-west direction; this 
region is 4500 km2 and the topography varies in height between 90 and 270 
meters. This region has 1170 grid points. The second region (B) is the re
gion of the Mátra and Bükk Mountains with their southern surroundings, 
where the topography of these mountains of medium height gradually be
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comes a plane area almost without any transition zone. This region covers 
8520 km2, the number of grid points is 2231, the height range is between 90 
and 1000 m. These regions can be seen in Figs. 2 and 3.

The above mentioned regions A and В were subdivided into areas as 
follows:

region ‘A’: External part of Somogy (Al), Tolna Ridge (A2), Mező
föld (A3), Kalocsa Depression (A4), see Fig. 4.

region ‘B’ : Mátra Mountains (Bl), Bükk Mountains (B2), Aggte- 
lek-Szendrő-Cserehát region (B3), Heves-Borsod Plain (B4), see Fig. 9.

The reason for subdividing A and В into smaller areas was partly to re
veal more accurately the effects of interval densification [CSAPÓ 1994], 
partly since there are pronounced morphological differences within the 
given areas. This latter factor is of importance because the investigations 
concerning the whole region produce average results, but the area subdivi
sion demonstrated the effects of local changes as well

8. Gravimetric databases used for the study

There are two ways of selecting gravimetric databases: the first is to 
select a database containing all available data from which the second one 
could be derived by neglecting certain items following a certain rule (ficti
tious database), the second way is to use two real different databases. We 
chose the second way and this was made possible because the gravimetric 
database of ELGI was increased significantly during the years 1993 and 
1995. The first gravimetric database (1993) consists of approximately 
250 000 items, the second one (1995) contains more than 320 000 gra
vimetric data. Faye-anomalies were interpolated from both databases, on a 
2x2 km grid by using a digital terrain model (the accuracy of interpolation 
of Faye-anomalies can be increased significantly if the heights of the 
points are taken into consideration). A detailed description of the interpola
tion method can be found in the literature [SÁRHIDAI 1994]. We considered 
it extremely important that the same technique be applied to both databases 
and two identical grids because different interpolation methods may yield 
different interpolated values even from the same data sets.
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9. Results

Numerical studies

Before introducing our analyses we thought to mention that in a rigor
ous sense we can hardly speak of a statistical analysis but based on the inte
gral limit theorem of probability theory the sample distribution may be nor
mal if  the corresponding value is the sum of small effects. Since this cer
tainly true for DF values and the other variables of the study are a linear 
transform of these (Stokes and Vening-Meinesz integrals), asymptotically 
the normality holds true also for these with special regard to their very 
large number of elements. But when statistical characteristics and their 
tests are regarded as an algebraic fitting problem, the above mentioned 
problem will not even arise.

DX quantities
The results of numerical studies are summarized in Table I. Our analy

sis was based on the results shown by this table and by comparing them 
with the computer drawings. Among the results of Table I, the quantities 
m x and К  need further explanation, the others being known mathematical 
statistical quantities. From the theory of errors it is known that mean 
square errors can also be determined from the actual errors if the difference 
of two measurements, made for the same quantity, is known [DETREKŐI 
1991].

If d  is the difference of two measurements, n is the number of meas
ured differences, L\ and L2 are the 1 st and 2nd measurements for the same 
quantity then md = (E d2/ и)12 is the mean square error of one difference, 
mi = (m2j / 2)12 is the mean square error of one measurement.

Although our DX  differences in the rigorous sense of error theory can
not be treated strictly as ‘independent and equally accurate measurements 
for the same variable’, bearing in mind what was said at the beginning of 
this section this formalism can be used. If DX  is substituted for d and X  
for L , then m Dx  = r.m.s.(DX) is th e ‘root mean square error’ (r.m.s.) of the 
one difference DA, and /wy = r.m.s.(DA)/V2 is that of the one variable X. 
Moreover, the effects of systematic errors can be neglected when the me-
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Fig. X a S m a x m in n r .m .s. m x К u n it

R e g io n  ‘A ’

6 D® -0.01 ±0.11 0.62 -0.82 1170 ±0.11 ±0.08 0.07 iLFCSCC 1

5 DM -0.2 ±0.46 0.4 -2 1170 ±0.5 ±0.35 0.4 cm

4 DF -0.13 ±1.43 9.04 -12.8 1170 ±1.44 ±1.02 0.1 mGal

7 D(GK)i 0 ±0.1 0.7 -0.8 1100 ±0.1 ±0.07 0 cm :

8 (GK) 95p 0 ±0.1 0.6 -1.1 1100 ±0.1 cm

R e g i o n ‘B ’

9 D F -0.84 ±2.23 9.87 -25.3 2601 ±2.39 ±1.7 0.35 mGal

10 DM -1.6 ±1.5 0.3 -6.5 2601 ±2.2 ±1.56 0.73 cm

11 D® -0.06 ±0.24 1.16 -1.82 2601 ±0.2 ±0.17 0.24 arcsec |

12 D ® \ 0.1 ±0.2 1.2 -1.1 2500 ±40.3 ±0.21 0.33 cm

13 D&* p 0 ±0.3 1.6 -1.3 2500 ±0.3 ±0.21 0 cm

14 D ® \ 0 ±0.2 0.9 -1.3 2500 ±0.2 ±0.14 0 cm

15 0 ±0.2 0.9 -1.6 2500 ±0.2 ±0.14 0 cm

16 D(GK)a 0.1 ±0.2 1.2 -1.1 2500 ±0.2 ±0.14 0.5 cm

17 D(GK)f 0 ±0.2 1.2 -1.4 2500 ±0.2 ±0.14 0 cm

18 (GK) 95a -1.8 ±1.1 0.8 -4.9 2500 ±2.1 cm

19 (GK)b5? 0.5 ±.07 3.7 -2.6 2500 ±0.8 cm

Table 1. Statistical characteristics o f D X  quantities 
1. táblázat. A D X  mennyiségekkel végzett számszerű vizsgálatok eredményei

quality \a\ < 0.2 md holds. From this follows the upper limit of ‘negle- 
ction’:

K  = \a  \ / r.m.s.(Z)X) < 0.2

where | a | denotes the average of D X  differences (sample mean).



94 G. Csapó— \d. Gazsó— A. Kenyeres

©tests and F-tests
The two fundamental parameters of mathematical statistics are the 

sample mean (a.) and the empirical variance (s), therefore first we per
formed two sample ©tests and F-tests with a very high number of ele
ments [D ETR EK Ő I 1991]. Using the notations of Table I. (these notations 
were also used later) we compared the following samples and variables:

— between the regions ‘A’ and ‘B’: DF, DN , D 0 , D(GK)ß and 
(GK) 95ß

— inside region ‘B’ the corresponding side quantities taken along a
(strike direction) and ß  (transverse direction): D©+, D©~, D(GK),
(GK)95, and differences of D(GK) and (GK)95 along both directions. The 
numbering of plotted figures based on the results of the above-mentioned 
tests is also presented in Table I.

The null-hypothesis of ©tests (Я0) was the identity of compared sam
ple means. Since the null-hypothesis (with two exceptions) was not ful
filled either for the confidence level p  = 90% or for / 1 = 95%, the conclu
sion was drawn that for the major part of the studied variables the means of 
these samples are different for the two regions. The two exceptions are:

—  the mean values of D(GK)ß of reg ions‘A’ and ‘B \ The corre
sponding data of Table I and the relevant figures plainly show that sample 
means are zero but the variances are significantly different. Over region 
CA\D (G K ) may be treated as ‘noise’; overregion ‘B ’two regional anoma
lies of different sign can be seen.

—  for the D© values of region ‘B’neither means nor variances differ 
along the given directions. The corresponding figures show positive and 
negative bands of approximately identical distribution rotated by 90°. 
These bands (axes of inflexion) are always perpendicular to the positive 
SW-NE and SE-NW directions.

In both o f these cases this structure is due to a regional phenomenon, 
foreshadowing the necessity for a regional analysis o f the investigated re
gions.

The null-hypothesis of the F-tests was the identity of compared vari
ances. This had to be rejected on all possible confidence levels because of 
the very high number of samples. Also here two exceptions were found 
where the identity of variances cannot be rejected statistically (F=l). Both
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of these cases arose when comparison was made inside region B’. The first 
case was for © values, the second one at D(GK) values, where the same 
kind o f ‘averaging’ occurred as was the case for /-tests made for D(GK) 
variables between the two regions.

Both of these studies have shown that the changes arising as a conse
quence of the increased number of gravimetric measurement points are of a 
physical nature (not noise), since they have structure. This statement is true 
for the regions and for the D N andD(GK) quantities, and also for the direc
tions.

General conclusions on numerical studies
The number of samples studied is very large (Table I, column ‘и ’) by 

which the regionalizes are smoothed out (because of the great number of 
elements they become partly randomized). This fact is clearly indicated by 
the ratio of 'a ' to V. From this it follows that th e ‘max’ and ‘min’ values 
of Table I are very characteristic and here even a difference of two orders 
of magnitude is not so infrequent between the sample average and the ex
treme values.

Among DF  quantities negative values are dominant for both regions, 
i.e. the database extension induced a general decrease of F  values.

With respect to DN: a decrease of anomalies indicates physically a 
‘mass deficit’ which causes geoid anomalies to be flatter. The increase in 
the number of measurements resulted in a decrease of geoid undulations —  
depending on the topography. The value of DN  lies in the range of reliabil
ity requirements of the ‘cm geoid’ and it shows a sinking of the geoid sur
face.

With respect to D(GK) and D(PE), our study of gravimetric correc
tion GK —  which was also interpreted physically as a potential error — 
has fulfilled our expectations since its effect produced fluctuations of 
± 1-2 cm magnitude. This quantity being the measure of local variations it 
reflects the refinement of geoid and resolution increase, therefore with re
spect to the ‘GPS geoid’ it makes its practical realization more realistic. In 
other words, by processing the so called ‘GPS geoid heights’, i.e. the dif
ferences between ellipsoidal heights obtained from GPS measurements 
and orthometric heights obtained from first-order levelling at reference
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stations 30-70 km apart, it is possible to filter out regional errors of the 
global (regional) part of the gravimetric geoid. In this way the accuracy of 
the local (short- and medium wavelength) part, which is based on detailed 
gravity measurements, will be important from the point of view of applica
tions.

Regression and correlation computations
These studies were performed only for region ‘B ’, which has highly 

variable topography along two profiles of characteristic direction [HAJT- 
MAN 1968, MUNDRUCZÓ 1981] The first direction is the strike direction 
denoted by «, the second is the transverse direction)?. Our analysis aimed 
at clarifying the relations of the basic quantities DN, D(GK), andÄ7i(mthe 
differences Kh = hk-h „  ‘h ’ denotes heights of grid points above sea level 
and indices к and i are the same as for the previously treated GK. In Ta
ble //, the usual statistical parameters are presented in centimetres.

X a s m a x m in r .m .s. u n it

pro file  S W -N E  ( a )

DN - 2 . 6 ±1.8 ±3.1 cm

(GK) 95 -  1.9 ±0.9 ±2.1 cm

p ro file  S E -N W  (ß )

DN -  1.8 ±2.1 +0.24 -6 .0 7 ±2.8 cm

(GK) 95 0.5 ±0.7 ±0.8 cm

D(GK) + 0.86 -  1.42 cm

(Kh) + 21 -  10 m

Table II. Statistical characteristics of fundamental quantities 
II. táblázat. Az alapvető vizsgálati mennyiségek statisztikai jellemzői

Results of the correlation study of the SE-NW transverse-directional pro
file:
a) For the two-variable study:

DN  = -  2.4 + 1.19 D(GK) tf = + 0.75 m0 = ± 2.19
D N = -  2.4 + 0.02 (Kh) R = + 0.74 m0 = ± 2.22
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b) For the three-variable study:
D N  = -2 .3 7  + 1.13 D(GK) +0.01 (Kh) m0 = ± 2.23
RT = 0.75 R ' D(GK) = -  0.17 R '( K h ) = - 0.03

In these equations denotes the total correlation coefficient, 
the partial correlation coefficient of X, and is the r.m.s. variance com
puted from the corrections. It can be concluded from the results that the ef
fect of D(GK) is almost identically transferred to D N — there is a definite 
relationship. The correlation of Kh is also high but its effect is rather 
small. Finally, Rr stands unaltered with respect to R but the partial correla
tion coefficients (R 'X) are smaller than the previous ones by one order of 
magnitude so the variables D(GK) and (Kh) do not give independent in
formation with respect to each other. Judging from the equation for DN , 
(Kh) seems redundant. The m0 errors are practically constant for the three 
equations in the order of magnitude of DN.

From what is said above, it follows that the effect of the densification 
of gravity data is outstanding in DN  itself but this is affected to the same 
degree by variation of GK. This indicates refinement of the geoid, it com
bines the sinking of the surface with a‘ tilt’.

Results o f merged data sets o f SE-NW  and SW NE directions:
a) For the two-variable study:

DN = -2 .6 2  -  0.24D(GK) R = + 0.80 m0 = ±1.9
D N  = -  2.51 -  0.004(Kh) R = + 0.79 тй = ± 1.9

b) For the three-vari able study:
D N  = -2 .6 2 -0 .2 4  D(GK) -0 .003 (Kh) m0 = ± 1.9
Rr = + 0.80 R D(GK) = -  0.13 R '(K h )= -  0.04
From these studies it can be stated that the regression coefficient 

changes by an order of magnitude (from +1.1 to -0.2) with respect to the 
ID study along profiles, and this is caused by the 2D region treatment that 
combines areas of different morphology. The mo values did not change. To 
back up the necessity for subdividing the test regions into smaller areas we 
compiled the correlation coefficients of all six variable data sets (Ta
ble III). It can be seen that the partial correlation coefficients of D(GK) 
and (Kh) are unchanged.
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p a r t i a l  c o r r e la t io n  c o e ff ic ie n ts

R T +  0.63

R  'D (G K ) - 0 .1 9

R  'K h - 0 .0 2

R  ' X +  0.21

R  T - 0 .3 0

R ' t - 0 .3 0

Table III. Partial correlation coefficients 
III. táblázat. Parciális korrelációs együtthatók

Attention is drawn to the fact that all variables appear on the previ
ously mentioned 2x2 km grid, the diagonal o f  which is 2.8 km, so variations 
o f  DX refer to these distances: hence they are indeed significant!

Discussion of computer plots

Region ‘A
D F (Fig. 4)\ The Faye-anomalies are predominantly negative. It can 

be seen that detailed survey of the Tamási area (A l), resulted differences, 
as high as -5, -10 mGal. The same holds true in areas A2 and A3, whereas 
the Kalocsa Depression (area A4) densification has altered the previous 
picture very little.

D N  (Fig. 5): Undulation changes are all negative (their magnitudes 
are about 1.0-1.5 cm) and correlate with the decrease ofFvalues.

D© and D(GK) (Figs. 6, 7): Changes are without any structure (noise).
(GK) 95 (Fig. 8): In the NW corner of the region (area A l) there are 

changes of max. +2 cm; the other parts of the region are homogeneous, 
(cca. -1 cm changes can be seen).

It can be stated for region‘A’ that densification of g-measurements 
was effective, the distribution pattern of improvement is in correlation 
with the topographic features. The Tamási region needs further densifica
tion, whereas other parts of region ‘A’ seem to have adequate gravity cov
erage.
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Fig. 4. Region ‘A’: Map of Faye-anomaly differences (DF ). DF  = F 9 5 - F 9 3  

4. ábra. '‘A" terület: A Faye-anomáliák változásának (DF) térképe. D F  = F 9 5 - F 9 3
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Fig. 5. Region ‘A’: Effect o f .DF in geoid undulations (N) 
S. ábra. “A” terület: A DF  hatása a geoid undulációkra (N)
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Fig. 6. Region ‘A’: Effect of D F  in the absolute values of vertical deflections (0 )  
6. ábra. “A'" terület: A D F  hatása a függővonalelhajlások abszolút értékére(0)
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Fig. 7. Region ‘A’: Effect o f D F  in the /3 component of gravimetric correction 
7. ábra. “A ” terület: A D F hatása a gravimetriai korrekció ß  irányú összetevőjére
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Fig. 8. Region 'A': Map of ß  components o f gravimetric corrections computed from
1995 database

8. ábra. “A ” terület: A gravimetriai korrekciók ß  irányú összetevőjének térképe
(1995. évi adatbázisból)





EO
V-

X 
[m

]
27

00
00

 
28

00
00

 
29

00
00

 
30

00
00

 
31

00
00

I A"

700000 710000 720000 730000 740000 750000 760000 770000 780000 790000 800000

EOV-Y [ml

I----:___ :__ ___
-25 -20 -15 -10 -5 -1 0 1 5 10 mGal

Fig. 9. Region ;B ’: Map of F aye-anomaly differences (DF ). D F = F 9 5 - F 9 3  

9. ábra. “В” terület: A Faye-anomáliák változásának (DF) térképe. D F = F 9 5 - F 9 3
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Fig. 11. Region ‘B ’: Effect o f D F  in the absolute values of vertical deflections (0 )  
11. ábra: “В” terület: A DF  hatása a függővonalelhajlások abszolút értékére(0)
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Fig. 12. Region ‘В ’: Effect o f D F  in the a  component o f vertical deflections 
12. ábra. “В,л terület: A D F  hatása a gravimetriai korrekció a  irányú 

függővonal elhajlási összetevőjének változására
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Fig. 13. Region ‘B’: Effect of DF in the ß component of vertical deflections
13. ábra. “В" terület: A D F hatása a gravimetriai korrekciók ß  irányú

függővonalelhajlási össztevőjének változására





Fig. 14. Region ‘В ’: Effect o í'Ű F in  the a  component o f curvature values 
14. ábra. “В” terület: A DF  hatása az a  irányú görbületi értékek változására
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Fig. 15. Region ‘B’: Effect of DF in the ß component of curvature values
15. ábra. '‘В” terület: AD F  hatása a ß  irányú görbületi értékek változására
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17. a é ra . '‘B” terület: AD F  hatása a gravimetriai korrekciókß irányú összetevőjének

változására
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Fig. 16. Region ‘B ’: Effect o fD F  in the a  component o f gravimetric corrections 
16. ábra. "В" terület: A D F  hatása a gravimetriai korrekciók a irányú összetevőjének

változására
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Fig. 19. Region‘B ’: Map of ß  component o f gravimetric correstions calculated from
1995 database

19. ábra. “В" terület: A gravimetriai korrekciók/? irányú összetevőjének térképe az 
1995. évi adatbázisból történt meghatározásából
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Region В ’.
D F  (Fig. 9): In the mountainous part of the region the Fay e-anomalies 

are negative with minimum values of even -15 mGal, but in area B4, 
which is of a lowland character, there are only a few low level isolated 
anomalies.

D N  (Fig. 10): Geoid undulation variation strictly follows the DF < 0 
distribution pattern and it is negative everywhere in correlation with the 
decrease of the gravity field. The effect o f data densification here is the 
most significant: undulation changes amount to as much as —6 cm.

D@" (Fig. 77): This is one of the most characteristic of our figures: a 
definite negative anomaly ring encircles the mass of Bükk Mountain. At 
the southern base of the Mátra there seems to be only an elongated negative 
anomaly. This is the result of mass deficit and it is compensated by the 
great northern masses that lie north of Bükk and mainly north of the Mátra 
Mountains.

D©+ (Figures 12, 13): The decrease of gravity anomalies causes 
positive changes in the deflection of the vertical south of the mass deficit 
and negative ones north of it. In agreement with this rule the Mátra-Bükk 
(areas of В 1, B2) and the Szendrő-Cserehát (area B3) also have their posi
tive regions of influence of approximately 1.5 cm magnitude whereas be
tween them in the Sajó valley there seems to be a negative band of-1 .0  cm. 
The approximately 90° rotation of the variations along the SW-NE strike 
direction and the SE-NW transverse direction underlines this fact.

DQ~(Figs. 14, 15): Curvature changes in both a  and ß  directions are 
withm the noise level, but their stripped pattern is very characteristic. In 
the case of the a component the axes of the strips are perpendicular to the 
strike of the mountains (Fig. 14) whereas the axes of the ß  components are 
parallel to it. Since their line of contact is an axis of inflection, the geoid 
surface of region ‘B ’ is composed of convex and concave pieces arranged 
in a chessboard-like manner.

D(GK) and (GK)95 (Figs. 16-19): The figures of these quantities 
have to be examined in pairs (Figs. 16, 18 and Figs. 17, 19). It is notewor
thy that areas of (GK)95 > 0 in Fig. 16 correspond to spots of D(GK) < 0 in 
Fig. 18 and similar but not so dominant characteristics can be seen in 
Figs. 17 and 19. A detailed examination of this phenomenon should pro
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vide further information about the local features of the geoid, but it must be 
kept in mind that this phenomenon is within the noise level.

It can be concluded that the densification o f the gravity stations pro
vided lower gravimetric corrections, i.e. decreased the potential errors, 
thereby supporting the improving effect o f detailed gravity surveys in geoid 
determination.

11. Conclusions and further tasks

Our studies have shown that increase of the number of gravity data 
during the years 1993-95 has made possible to refine the local part of the 
gravimetric geoid providing a tool to promote the practical application of 
GPS technique. The improving effect of data-densification is shown by 
the general conformity of the quantities examined — compatibility of the 
sets o f DF, DN  and D(GK) values (inner consistency), correlation of these 
data sets with the topography (outer consistency). The work described in 
this paper was only the first step towards applying the regression method 
to analyse the links between complex interdependent quantities of physical 
geodesy. Based on all the above mentioned facts the following can be con
cluded:

It was seen that at different test areas — mainly because of different 
geomorphological features— the influence of densification may differ by 
orders of magnitude. Joint study of variance and regression-correlation 
analysis is suggested to make progress from variance analysis towards fac
tor analysis [HAJTMAN 1968]

The Faye-anomaly maps represent not only the effect of topography 
but the effect of subterrain masses as well. Therefore it seems advisable to 
extend the investigations to such relatively flat regions where high gravity 
anomalies of subterrain origin exist.

The stochastic investigations carried out recently in the Geodetical 
and Geophysical Research Institute at Sopron provided a sound basis for 
the numerical study of the relationship between the density of gravity data, 
the related statistical parameters, and the gravimetric correction in the field 
of geoid determination [PAPP 1993].
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Összefüggés a geoid magyarországi felületdarabjának megbízhatósága és a 
gravitációs adatok területi sűrűsége között

CSAPÓ Géza, GAZSÓ Miklós, KENYERES Ambrus

A dolgozatban abból az alapelvből indultak ki a szerzők, hogy miután egyetlen földi nehézségi 
erőtér létezik, így geoid is csak egy lehetséges, függetlenül attól, hogy ezt a felületet milyen mate
matikai-technikai apparátussal állítják elő. Tekintettel arra, hogy a gravitációs mérések számának 
növelése a nehézségi erőtér jobb felbontását eredményezi az adott helyen, ezért ott a geoidun- 
dulációknak a sűrítés következtében előállt változásainak eleve a megbízhatóság növekedésével 
kell járnia, mivel ugyanarról a fizikai valóságról van szó. A vizsgálatok a reprezentációs hibára és a 
modell hibára terjedtek ki. Jelenleg nem ismeretesek a helyi nehézségi erőtér statisztikai természetét 
leíró kovarianciák, ezért vizsgálati mennyiségeknek a Faye-anomáliák, a geoid undulációk, a 
függővonalelhajlás abszolút értékei, a gravimetriai korrekciók, a gravimetriai korrekció függővon
alelhajlási összetevői és a görbületi értékek változását választották — az ELGI 1993-as és 1995-ös 
gravimetriai adatbankjára támaszkodva. A gravimetriai korrekció potenciál hibaként értelmezett 
vizsgálata beváltotta a hozzá fűzött várakozást, mert hatása a geoid ± 1 - 2  cm nagyságú ingadozásait 
eredményezte. Lévén ez a mennyiség a lokális alakváltozások mértéke, egyben a geoidmegjelenítés 
finomodását, a felbontóképesség növekedését mutatja, tehát a “GPS geoid” vonatkozásában a gyak
orlati alkalmazhatóság reálisabbá válásának mértékét is. Ugyanis a 30-70 km sűrűségben elosztott 
referenciapontokon a GPS mérésekből származó ellipszoidi magasságok és a felsőrendű szintezés 
szolgáltatta ortométeres magasságok különbségéből adódó. ún. “GPS-geoídmagasságok” íeldol- 
gozásával ki lehet szűrni a gravimetriai geoid globális (hosszúhullámú) összetevőjének regionális 
hibáit. így éppen a földi gravimetriai méréseken alapuló lokális (rövid- és középhullámú) rész pon
tossága lesz az alkalmazások szempontjából a meghatározó!
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Fig. 2. Bouguer anomaly map of Hungary 
2. ábra. Magyarország Bouguer anomália térképe
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Fig. 4. Gravity lineaments, hatched version 
4. ábra. Gravitációs lineamensek vonalkázott változata
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Fig. 5. Gravity lineaments, shaded version 
5. ábra. Gravitációs lineamensek árnyékolt változata
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Fig.3. Gravity map of Hungary corrected for basin effect
3. ábra. Magyarország medencehatástól mentesített gravitációs térképe
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Fig. 4. Gr
4. ábra. Medcncehatástól mentesített térképből meghatározott gra
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Fig. 5. Contour map of the Molio based on gravity data
5. ábra. Gravitációs adatokból számított Moho térkép
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Fig. 3. Gravity lineaments and the epicentres of historical earthquakes 
3. ábra. Gravitációs lineamensek a történelmi rengések epicentrumainak feltüntetésével
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Fig. 4. Gravity lineaments and the epicentres o f earthquakes registered by the Microseimic 
Monitoring Network in 1995-1998

4. ábra. A gravitációs lineamensek térképe a Mikroszeizmológia Megfigyelő Hálózat által 
1995-1998-ban regisztrált földrengések feltüntetésével
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Fig. 6. Belt of horizontal gravity gradients higher than 15 E unit and instrumentally located 
epicentres o f earthquakes recorded from 1995 to 1998 

6. ábra. 15 E egységnél nagyobb horizontális gravitációs gradiensű zónák és az 1995-1998 
között regisztrált földrengés epicentrumok





Fig. 2. Spatial distribution of gravity stations in Hungary and location of test regions 
2. ábra. Magyarország gravimetriai felmértségi térképe a vizsgálati területekkel





Fig. 3. Topographic map of Hungary — and location of test regions 
3. ábra. Magyarország domborzati térképe a vizsgálati területekkel


