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Abstract. The use of ground gravity data in well- There are different approaches for the on-board relative,
surveyed areas, continued upward to satellite altitude, isand the absolute calibration of the GOCE measurement sys-
one of the most promising external absolute in-orbit calibra-tem, which will have to be combined to finally obtain abso-
tion/validation methods for GOCE satellite gravity gradient lutely calibrated physical parameters (ESA, 1999; Koop et
(SGG) observations. Based on a synthetic gravity test enal., 2001; Pail, 2002):

vironment — providing in addition to statistical error infor-

mation also absolute error estimates — several upward con- — Satellite measuring instrument test before launch.
tinuation methods, e.g. least squares collocation, equivalent
source techniques using point masses or area density distri-
butions defined on a spherical surface section, are described,
assessed and compared. It turns out that all these strictly
local approaches fail to work sufficiently accurate. Conse-
quently, a combined adjustment strategy is proposed, sup-
porting the high-quality gravity field information within the
well-surveyed test area with a low-accuracy, but globally de-
fined Earth model. Under quite realistic assumptions the up- — Cross-comparison of SST and SGG solutions in the
ward continuation is performed with rms errors in the order overlapping band of the spectrum.

of 1 mE. The most crucial limiting factor of this method is

spectral leakage in the course of an adequate representation— Intercomparison between gravity field products
of the initial gravity information, which can be overcome by from other satellite missions (CHAMP, GRACE,
an enlargement of the parameter model in combination with altimetry, ...).

a priori filtering of the initial gravity data.

— On-board calibration (‘relative’), e.g. by means of the
Attitude and Orbit Control System (AOCS), i.e. exactly
defined thruster firings.

— Comparing gradiometer measurements with the domi-
nant, time-varying gravity gradient terms (e.g. Earth’s
flattening term/2).

. ] i ) — Comparison with existing (global) gravity field models.
Key words. Satellite gravity gradiometry — GOCE - cali-

bration — least squares adjustment — Use of ground data in well-surveyed areas.

Among those cal/val methods, the use of well-surveyed ar-
eas on the Earth’s surface, where the gravity field is known
to high accuracy, is one of the most promising approaches
(Visser et al., 2000). For this purpose gravity data have to

The sensors of the satellite gravity field mission GOCE . . .
. . - e continued upward to the GOCE satellite altitude of about
(ESA, 1999) comprise a highly sophisticated measuremen 50 km and compared with the actual gravity gradient obser-

system. In particular, GOCE will be the first satellite vations. Consequently, two operations have to be performed:
equipped with a gradiometer. Since an adequate quality as- ' q Y, P ) P '

. . L . an upward continuation of the ground gravity data to the
sessment of the observation time series is a crucial com-

ponent for reaching the mission goals, potential calibra-Satellite level, and simultaneously a field transformation in

tion/validation procedures have to be identified and inves—.terms of a differentiation in order to convert ground gravity

tigated. A detailed definition of the terms ‘calibration’ and information (gravity anomalies, deflections of the vertical)

‘validation’ can be found in Koop et al. (2001). into gravity gradients. .
The present paper concentrates on the upward continua-

Correspondence tdR. Pail (pail@geomatics.tu-graz.ac.at) tion and gravity conversion problem, while some hints on
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Fig. 1. (a)Gravity anomalies [mGal] defined on rough topography @rdvertical gravity gradients [mE] at satellite altitude= 250 km
based on synthetic Earth model coefficients in the spectral bandwigth/0< 120.

the comparison with the actual gravity gradient observationdnterior, the corresponding potential quantities can be sim-
can be found in Pail (2002), Cesare (2002). ulated everywhere on and beyond the surface of the syn-
The highly accurate gravity information is spatially lim- thetic Earth body, thus providing an excellent test environ-
ited to a few percent of the Earth’s surface (e.g. Europement. Generating synthetic test fields for bounded regions
North America, Japan, parts of Australia, ...). This restric-and comparing the continuation results with the known exact
tion of the definition domain causes edge effects and leadsolution yields absolute error estimates, reflecting all poten-
to omission errors, to a poor representation of the long-tial deficiencies of the respective continuation method.
wavelength component, and thus results in a poor field con- One problem which is common to all methods is a sub-
tinuation quality predominantly of the trend component. An- stantially degraded accuracy of the continuation results at the
other critical aspect is the reasonable selection of the loboundaries of the test field. A detailed analysis of these edge
cation, dimension and spectral properties of the test areaeffects indicates, that considering gravity gradients at a satel-
Choosing a test region with a very smooth gravity field, andlite altitude of about: = 250 km, an edge frame of at least
thus a small variance, leads to a very low signal to noise ratio2° to 3° of the test field is affected, and thus the test field di-
i.e. the noise component of the gravity sensor should be verynensions have to be sufficiently large to ensure a good con-
clearly detected. On the other hand, in the present contextinuation quality at least in the inner regions.
our primary goal is the absolute calibration/validation of the  In the present study, the topography of a European region
gravity sensor, i.e. the quantitative assessment of its outpuiwith a dimension of 16x 28, i.e. 36 < 6 < 52 in latitude
Consequently, a high gravity signal, preferably over a wideand 0 < A < 28 in longitude, is used. The corresponding
spectral range, is indispensable to perform this task. In ordegravity signals, i.e. gravity anomalies defined on the rough
to be useful for cal/val purposes, the error of the upward contopography as the input (Fig. 1a), and vertical gravity gra-
tinued gravity information must be in the same order as thedients (VGG) at 250 km as the ‘true’ output (Fig. 1b), are
gradiometer error budget, i.e. about 4 mE (LeaBL0°s2)  based on the synthetic Earth model, which is parameterized
in the measurement bandwidth of 5mHz to 100 mHz (Ce-in terms of spherical harmonic coefficients complete up to
sare, 2002). degree/order 300. However, for computational purposes, we
restrict ourselves in the sequel to systems of maximum de-
gree and ordek,,, = 120. The rms of the vertical gravity
2  Test field definition gradient field at 250 km displayed in Fig. 1b is 199 mE.

Since potential systematic deficiencies of the continuation

methods are only inadequately reflected by statistical (in-3 Field continuation techniques: simulations and re-
ner) error estimates, an independent validation of these tech- sults

niques is required, and one of the most promising approaches

is synthetic Earth modelling (Pail, 2000). Based on a pre-The problem of field continuation is a well-investigated is-
viously defined synthetic density distribution in the Earth’s sue, and a variety of methods have been developed. How-
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Fig. 2. Least squares collocatiorfa) Vertical gravity gradient deviations [mE] at satellite altituble= 250 km; initial gravity anomalies
composed of spectral components43 < 120 defined on a 1P4grid, superposed by noise of 1 mGal; local covariance mdgbgkorre-
sponding error estimates [mE].

ever, in the present context a few quite new aspects arise: thior the present purposes (Pail, 2002).

exceptionally large upward continuation distance, combined There are also several pointwise integration techniques
with a test field of regional size. The field dimension required over a part of the sphere (e.g. Heiskanen and Moritz, 1967).
to produce data along a sufficiently long track is too largeHaagmans et al. (1993) present the application of a 1D FFT
to apply techniques based on planar approximation, such ag:chnique on the sphere.

standard Fourier transform or other numerical approxima-

On the other hand, the size of well-surveyed areas on the

Earth is by far too small to inconsiderately apply standard) gast squares collocation (LSC) is the traditional method
harmonic base functions with global support such as spherito; gravity field transformations, being widely used in many
cal harmonics. Thus a fair compromise has to be found begeggetic branches, and was also proposed for calival pur-
tween the requirement of harmonicity of the base functions,sses. In Visser et al. (2000) error propagation based on the
and the bounded definition domain of information available. | g¢ technique was applied to investigate the dependence of
In the following, several potential solution strategies for this {he continuation solution on the accuracy, resolution and fre-
specific upward continuation problem are developed, comyyency characteristics of the initial gravity data as well as
pared and assessed. on the test field size. Arabelos and Tscherning (1996, 1998)

investigate gross error rejection strategies and the identifica-
3.1 Planar approximations of Poisson’s integral andtion of point or area related errors, as well as the potential

Fourier techniques identification of systematic errors such as bias and tilt.
In the present study, LSC is applied using alternatively

The Fourier Transform or similar techniques approximatinga local two component covariance function model (Rapp,
Poisson’s integral are standard methods applied for the purl979), as well as a global covariance model (Tscherning and
pose of field transformations of local potential fields (e.g., Rapp, 1974).
Schwarz et al., 1990; Xia et al., 1993). However, there are a In the first simulation, the strictly local model is ap-
number of requirements to be fulfilled in order to adequatelyplied to a test field which contains only spectral components
use a planar 2D-Fourier Transform. The most restrictivel3 < [ < 120 related to the synthetic Earth model. (De-
one certainly is, that the potential quantity has to be givengreel = 13 corresponds to the largest resolvable wavelength
at equidistant grid points on the plane, i.e. in a strict sensewith respect to the actual test field dimension.) These grav-
neither a curvature of the surface nor a realistic topographyty signals are superposed by a measuring noiseo{;k!
are allowed to apply Fourier transform. Several case studie§lmGal = 10~°m s~2). Figure 2a illustrates the deviation
show, that due to the quite large test field dimension requiredf the continuation result from the exact vertical gravity gra-
for a reasonable calibration of satellite data, these methodgient at a satellite altitude of = 250km. Naturally the
which are based on planar approximation, are not appropriat&argest errors occur at the edges due to the bounded test area.
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Fig. 3. Least squares collocatiorfa) Vertical gravity gradient deviations [mE] at satellite altitudle= 250 km; initial gravity anomalies
composed of spectral components@ < 120 defined on a/4° grid, superposed by noise of 1 mGal; global covariance m¢udgtorre-
sponding error estimates [mE].

Excluding an edge frame of 3the rms deviation in the re- In the sequel we will concentrate on two representatives of
maining field interior is 3.2 mE. Figure 2b shows the corre- equivalent sources:

sponding error estimates, demonstrating that the covariance
propagation is quite consistent with the real error behaviour.

In the second case study, which is now based on an input — area density distributions.

gravity field containing signals with all _spectral components Concering the point mass approach, we use a strategy pub-
_0 = | = 120, we apply a global covariance model, includ- jisheq by Lehmann (1995). An algorithm determining only
ing the exact degree variances of the synthetic model for thgne magnitudes and the depths of the masses via least squares
global component. Figures 3a and b show the differenceg,timization and previously fixed lateral positions is applied

to the exact solution and the corresponding error estimatesy the solution of the oblique boundary value problem of

Flg_ure_3a plainly illustrates that the dominant error Cont”'tpotential theory. The key concept is a constraint nonlinear
bution is due to the long wavelength component. The rms ofyyimization of point masses, essentially a nonlinear least

this difference field is substantially enhanced to about 15 mEsquares method of Levenberg-Marquardt type including an
which is also consistent with the error covariances displayed, e set strategy for linear inequality constraints with re-

in Fig. 3b. spect to the source depth.
The most crucial criterion for a successful application of

3.3 Equivalent source techniques the point mass technique is the proper choice of the possible

depth range where the sources are located, influencing the
These methods are based on #lggiivalent source principle spectral properties of the potential field on the surface. Nu-
of potential theory, stating that there is an infinite number of merous simulations reveal that only a multi-step procedure,
possible density distributions of different type, such as pointi.e. a separation of the initial gravity field into at least two
masses, area and mass density distributions, dipoles and azemponents with low pass and high pass spectral content, re-
bitrary multipoles, which generate identical gravitational ef- spectively, and a separate fitting of point mass sets located in
fects on the surface, and due to the superposition principléwo depths bands, results in quite reliable results. However,
of potential fields even an arbitrary combination of different the best solution achieved shows deviations of about 25 mE
types of sources fulfils these requirements. The key idea ofrom the exact vertical gravity gradient.
all equivalent source techniques is to search for such a source As a second equivalent source technique, an area density
distribution, which approximates the available gravity infor- distribution is used. So far this approach has been developed
mation on the surface in an optimized way. Since the gravi-only for the planar case (Xia et al., 1993), and is extended
tational signals produced by these sources located below thim Pail (2002) also to the spherical case, proposing an or-
surface are harmonic on and everywhere beyond the surfacéhonormalized function approach tailored to a local area on
they meet the requirements for potential field transformationghe sphere, where spherical harmonics are used as initial base
such as upward continuation. functions (Pail et al., 2001).

— point masses;
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Fig. 4. Combined adjustment: Vertical gravity gradient deviations [mE] at satellite altitude 250ranly global gravity model: noise
loggum; (b) global gravity model (noise &g ) plus local gravity data defined on @6F grid, superposed by noise of 1 mGal.

Summarizing a variety of simulations performed applying the Z[l—norm leads to the normal equation system
this equivalent source technique, the rms gravity gradient de- 1 1
viations from the exact solution can not be squeezed substafA™ X, " A)x = A" X, ¢ (2)

tially below 10 mE. for the parameter vectar composed of the harmonic coeffi-

cients:x = {Cy: Sim}). The design matrixd represents the
{i_near (or linearized) relation between observatiéand pa-
rameters, and thus contains the base functions of the spheri-
cal harmonics expansion. However, due to the fact that these
spherical harmonics are globally defined, whereas the data
From the previous investigations of field continuation meth-are available only on a fraction of the whole globe, the nor-
ods we have to conclude, that a strictly local solution can notmal equationsA” E[1 A are numerically singular.

reach the accuracies required, predominantly due to the poor Introducing the harmonic coefficients related to a global
trend field representation and resulting omission errors in thécarth model as a kind of prior information in the vecigg
course of the upward continuation. Consequently, it suggestgnd denoting the corresponding error covariancex hythe
itself to look for an adequate support of the highly accurate,modified normal equation system reads

but spatially restricted gravity information in the low degree _ _ _ _ _

regions of the spectrum. As a matter of course, the best availgzo f+al % FA)x = %o frp+ AT % e, @
able gravity information is merged in the recent global Earthwhich can be solved for the unknown coefficientprovided
models. Although the accuracy of current Earth models suchhat the accuracy of the prior informatiah, is sufficient to

as OSU91a (Rapp et a.l., 1991) or EGM96 (LemOine et al.,make the normal equatiomxo_l + AT E[l A) regu|ar_

1998) is too low for cal/val purposes except for the very |Ong App|y|ng covariance propagation’ the Corresponding pa-
wavelengths (Visser et al., 2000), they could be used in comragmeter error covariances are

bination with the high-accuracy local gravity field informa-

tion. Thus we intend to benefit from the advantages (and to%; = (3, -+ A" 5,147 ()
cope with the insufficiencies) of both components, i.e. the
global availability of (rather low accuracy) gravity informa-
tion of Earth models and the highly accurate (but only re-
gionally available) data within the test area.

3.4 Spherical harmonic expansion by least squares adjus
ment, supported by global Earth model

In the present simulation the initial free air gravity field with
a spatial extension of 36< 0 < 52 by 0° < A < 2&
and defined on the rough topography is composed of all syn-
thetic harmonic coefficients & I < 120. Since the present

In principle, any aforementioned method could be sup-approach includes trend field information by means of an a
ported by global information. In the following, however, a priori known Earth model, it enables to represent also the low
different approach is proposed. Gathering all the gravity ob-frequency component of the test field, and the corresponding
servations performed on the spatially bounded test area in aoefficients of degreds< 13 can be introduced both in the
vector¢ and the corresponding error covariances in the ma-est field and in the parameter model.
trix ¢, using a standard Gauss-Markov model and applying In the first simulation only the prior information related
the best linear uniformly unbiased estimation with respect toto the global Earth model is taken into account. Since the
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Fig. 5. Combined adjustment: Vertical gravity gradient deviations [mE] at satellite altitude 25(rSpectral leakage: global gravity
model (noise Bz ar) plus local gravity anomaly data composed of spectral component$ & 150 defined on a/#° grid, superposed
by noise of 1 mGal, parameterization upjg,, = 120;(b) global gravity model (noise &g ) plus local gravity anomaly data composed
of spectral components 8 [ < 300 defined on a/4° grid, low pass filter with cut-off wavelength 211 km applied to the gravity field;
parameterization up th,,, = 190.

present study is based on a synthetic gravity model, we havspacing of ¥4° instead of ¥6°, but with the same a priori
to assume that the corresponding coefficients are known tglobal accuracy of wggy. The rms deviation of 0.91 mE
some specified accuracy. Therefore, as prior informatjon is only slightly worse than in the previous case study using a
we use the exact coefficients of this model, but each coeffi-1/6° grid (Fig. 4b), demonstrating that the major error com-
cient value is superposed by random noise with a variancg@onent is due to the degraded global model accuracy.
o025 corresponding to the error variances of EGM96. Cor-  |n the previous simulations it was implicitly assumed that
respondingly, the error covariancgs are composed of the  the initial gravity field is solely composed of signal compo-
EGMO96 covariances. Naturally in this simplest configuration nents up to a specified degrég,. = 120. In practice, it
Eq. (2) reduces to a trivial equation system with the solutionijs hopeless to meet such a very strict requirement, because
* = x, for the coefficients and; = %, for the parameter the initial gravity anomaly field can not be perfectly sepa-
covariances. Figure 4a shows the deviations of the verticatated into spectral components of low and high degiees
gravity gradient [mE] at satellite altitude = 250km from  This effect of an incomplete parameter model is denoted by
the exact solution. Infact, this figure simply reflects the prop-spectral leakage, because high frequency signal components
agation of the noise component initially applied to the coef-are not adequately parameterized and therefore are leaking
ficientsx, onto the VGG at satellite level. The rms deviation into the degrees resolved. In order to demonstrate the effect
of the field in Fig. 4a — neglecting a boundary region©b8  of spectral leakage, a gravity input field based on the syn-
each side —is about 22.5 mE. thetic coefficients up to degrdg,, = 150 was generated
Based on the synthetic gravity model, in the test field re-on a 1/4 grid, again superposed by a white noise component
gion free air anomaly data are simulated on an equiangula@f 1 mGal. On the contrary, the parameter model applied is
grid with a node spacing of/8° x 1/6°, additionally apply-  composed of a full set of harmonic coefficients only up to
ing a measuring noise of = 1mGal to the gravity observa- degree and ordéy,,, = 120. Figure 5a shows the contin-
tions on the grid. Considering the quality of presently avail- uation solution in terms of deviations of the VGG at satellite
able free air gravity data in Europe, this noise amplitude is aaltitude 2 = 250km. The huge rms of 1BmE is simply
very conservative assumption. Additionally, since statisticaldue to the fact, that the initial signals of degrées 121
error estimates tend to be too optimistic, the noise applied tdo / = 150 inherent in the gravity anomaly input are inade-
the coefficients:, was enhanced to &zgy. Figure 4b dis-  quately represented by the inconsistent parameter model, and
plays the differences from the exact solution in terms of theare at least partially mapped to the coefficients of degrees
VGG [mE] at satellite altitudéz = 250 km. Again neglect- [ < 120.
ing an edge frame of°3for the statistical analysis, the rms  There are two approaches to reduce the spectral leakage
deviation of this difference field is approximately6@ mE. problem: Either the parameter model must be sufficiently
In order to cross-check the degradation of the continuatiorarge to accurately represent the initial gravity signals, or the
quality when having a smaller number of local gravity data high frequency components have to be properly eliminated
available, we recompute the previous simulation with a gridbefore applying the least squares adjustment. In practice,
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Table 1. Statistical parameters of the vertical gravity gradient deviations [mE] at satellite altitude 250 km applying different continuation
methods to several configurations (confer text), excluding an edge franie of 3

| VGG [mE] [ Inin | Imax [ orid [ global | Fig. [ min [ max [ rms |
| Total field | 0] 120 [ 1466 [ — [1(b)]-564.8] 408.0] 199.00]
FFT 13 120 1/6° — — | -86.9| 46.2| 20.24
LSC (local covar.) 13 120 1/ — 2(a) | -10.9 5.4 3.21
LSC (global covar.) 0 120 1/# 0 3(@ | -448| 23.1| 15.19
Point masses 13 120 1/6° — — -53.3| 72.8| 25.73
Area density 13 120 1/6° — — | -352| 25.1| 10.62
= . 0 120 — [ loggm | 4(@@)| -55.7] 512 2254
Comb. ad;.: globalinfo. only |— 120 — [ Sogou | — | 2783 256.0] 112.70
0 120 1/6° | 50ggm | 4(b) -1.8 0.8 0.63
0 120 112 | Toggu — -10| 04| 026
Comb. adj.: global+ local grid 0 120 1/12 | S0pgum — -3.1 1.2 0.78
0 120 14 | S50pcu — -3.4 1.8 0.91
0 120 ireg* | 50gGum — 35| 14| 0098
Comb. adj.: leakage 0 150/120 1/4° | 50ggm | 5(@)| -70.0| 70.8| 18.70
Comb. adj.: leakage+filter 0 150/120 1/ S50c6m — -28.2 | 24.2 6.95
Comb. adj.: global+local grid| 0 170 1/4° — — -3.5 21 1.03
= . 0 | 300/17G | 1% | Sorgy — | 144 76 355
Comb. adj.: leakage+filter  —5——n506 T 12 [ Sogrcy [5®) | 104 46| 2.65

* locations randomly distributed, with a mean distance of 1/4
* max. degree of signal / of parameterization

a combination of both approaches suggests itself. Consé;,,, = 190) was applied, and a combined adjustment was
quently, in the next simulation a FFT low pass filtering proce- computed, again assuming an accuracy of the global model
dure was applied to the test field containing spectral compoof 5oggy. The rms deviations of the resulting difference
nents up to a maximum degrkg,, = 150, in order to reduce field displayed in Fig. 5b are reduced t&2 mE. This con-

the high pass component. Since dedgree120 corresponds siderable gain of accuracy proves, that in practice the strategy
to a spatial wavelength of about 334 km, this value is used aso enlarge the parameter model, together with a prior filtering
the filter cut-off wavelength. The VGG rms error is reduced of the initial gravity field, is well-suited to reduce the leakage
from initially 18.7 mE for the unfiltered solution to less than problem.

7 mE, but this gain in accuracy does not suffice for practical

calibration/validation purposes, and therefore the additionaB.5 Summary and discussion

enhancement of the parameter model has to be envisaged. _ _ o _
he f hat th f . . Table 1 summarizes the major statistical properties of the
Due to the fact that the base functions in EQ. (2) aréyerica gravity gradient deviations at a satellite altitude of
correlated, in general the normal equation system is full., _ 550 1m related to a variety of case studies, some of

Therefore, its solution requires enhanced computational Camem explicitly described in the previous Sects. 3.1 to 3.4
pabilities. A parallel computing strategy is applied to solve reducing edge effects by excluding an edge frame?of 3

these large and generally full nprmg_l equation systems. N Erom these results it can be concluded that the combined
tge fr%mgwork Of:q_e kaOjelct SC|ent|f|c|:| Slupercomputmg at adjustment method is well suited to solve the continuation
raz University of Technology, a paraile computing system roblem, while all the other strictly local methods discussed
based on the Beowulf concept is operable. At the presen the Sects. 3.1 to 3.3 fail in an adequate representation
stage, it is composed of 24 dual-processor (866 MHz) PCs, 4 i), in a correct continuation particularly of the low fre-

each with 1 GB RAM and 18 GB local hard disk (Plank, quency component. Consequently, the introduction of some
2001). kind of trend field information is indispensable to solve the
In the last case study, such a large system shall be anaontinuation problem.

lyzed. The initial gravity signal contains spectral compo- In Sect. 3.4 it was pointed out, that in practice the most
nents up to degrelg,,, = 300, and the parameter model was crucial problem will be spectral leakage, because the ini-
enlarged up to degrég,, = 190, leading to a normal equa- tial gravity anomaly field can not be perfectly separated into
tion system of more then 665 million independent elementsspectral components of low and high degrée fact this
corresponding to a memory requirement of about 5.5 GB. Aproblem is of aporetic nature, because if such a perfect har-
prior low pass filtering of the initial gravity field with a fil-  monic representation would be possible, the whole problem
ter cut-off wavelength of 211 km (corresponding to degreecould be solved easily, due to the fact that in this case also
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a correct field continuation and field transformation with- Koop, R., Visser, P., and Tscherning, C. C.: Aspects of GOCE cal-
out energy shifts among the spectral components could be ibration, in: Proc. International GOCE User Workshop, April
performed. The underlying reason for this argumentation 2001, ESA/ESTEC, WPP-188, 51-56, European Space Agency,

is again the bounded definition domain of the gravity data. Noordwijk, 2001.

However, this problem can be considerably reduced by exlehmann, R.: Gravity field approximation using point masses in
free depths, The International Association of Geodesy (IAG),

tending the parameter model to sufficiently large degrees Section IV Bulletin, no. 1, 129-140, 1995,

l’”“". In O.rder to properly represent .th(.a initial gray|ty .|nfor- Lemoine, F. G., Kenyon, S. C., Factor, J. K., Trimmer, R. G., Pavlis,
mation, in combination with an a priori low pass filtering of '\ "« “chinn D.S. Cox. C. M.. Klosko. S. M.. Luthcke. S. B.
the input gravity signal. _ ' Torrence, M. H., Wang, Y. M., Williamson, R. G., Pavlis, E. C.,
At this point it should be emphasized that these simula- Rapp, R. H., and Olson, T. R.: The Development of the Joint

tions are based on some very conservative assumptions espe-NASE GSFC and the National Imagery and Mapping Agency
cially concerning the accuracy of the global information and ~ (NIMA) Geopotential Model EGM96, National Aeronautics and
the resolution of the ground gravity data. Even in this case SPace Administration, Goddard Space Flight Center, Greenbelt,
the resulting rms deviations are below the 3 mE-level. How- ',\I"ag'asnd' i]99,8-G| bal Gravity Model for Pl Bodi J
ever, since the solution strategy applied is a kind of weighted” 2! R.: Synthetic Global Gravity Model for Planetary Bodies an

. . o . Applications in Satellite Gravity Gradiometry, Dissertation, Mit-
merging of a quite inaccurate global gravity information and . . o

. . teil. geodit. Inst. TU Graz, 85, 135 p., Graz University of Tech-
the high-accuracy local gravity data, the effects of the rel- nology, 2000
ative contributions of these two components — with specialpyjj, R : In-orbit calibration and local gravity field continuation
concern to the influences on the numerical stability of the proplem, ESA-Project “From &vos to mGal+”, ESA/ESTEC

corresponding normal equations — will require further analy-  Contract 14287/00/NL/DC, Final Report, WP 1, 9-112, Euro-

sis in the case of larger systems. pean Space Agency, Noordwijk. (www-geomatics.tu-graz.ac.at/
An extended version of this paper can be found in Pail mggi/research/e2mgp/e2mgp.htm), 2002.
(2002). Pail, R., Plank, G., and Schuh, W.-D.: Spatially restricted data dis-

tribution on the sphere: the method of orthonormalized functions
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