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: ':.._Abstract. : o
... Using a realistic orbit for GOCE, IAG SC7 has creatcd a
... one month gravity gradient dataset from EGM96 to degrec
o }30_0, with gradients referring to an instrument frame alignéd
.. with the velocity vector and the z-axis in the plane formed -

.. . by this vector and the position vector. From the second order

- derivative of the potential V.- we subtracted the contribu-
. .-tion of BGM96 to degree 24. The resulted (noise free) data
... set was used to predict second order radlal gravity gradient
.. values in a 0.5° grid, covering the area .of the Earth from
—83°to + 83° latitude using local Least-Squares Colloca-
tion (LSC). The standard deviation of differences between
- predicted gridded values and values compuited from EGMS6
' (degree 24 - 300} was between 1.0 and 0.5mEU (Edtvds unit

= BU, 1 EU=10"%"2). Correlated noise with a 3 mEU stan-
*'dard deviation and a 35° correlation distance was added to

i the; simulated data and the gridding was repeated. The for-. .
.~ mal LSC error-estimates were 2 mEU. This was confirmed

by comparing second order radial derivatives from EGM96
with the values predicted from the data with noise. The sim-
ulated data sets were used to generate spherical harmonic co-
efficients of the gravity potential to degree 300 using Fast

Spherical Coliocation (FSC), with a global covariance func-.
‘tion.” Both the grid of noise-free data and the grid obtained .- -

from the data with noise was nsed. Roth results agreed with
EGMS6 within the errar-hounds of the FSC estimate.

sphencal collocaﬁon

1 .Intro_duction |

" Letus denote by V the gravity potential of the Earth (without

" centrifugal part) and by 7" the anomalous potential obtained
by subtracting a reference potential from V. Both functions
may he approximated arbitrarily well as the sum of a series

m sohd sphencal harmomcs with coefﬁcnents Cij

" .V(T‘, ‘P’ /\) GM (T)I-H z CUY;J @ Ah

1=0 . j-———l

where r is the distance from the origin, i, )\ the latitude and

~ the longitude respectively, GM the product of the gravita-

tional constant and the mass of the Earth and ¥;; ; are the sur-
face spherical harmonics. n is the max1mal degree in this
paper generally equal to 300.

The ESA satellite GOCE (Gravity Field and Steady-State
Ocean Circulation Explorer Mission, ESA, 1999) is expected
to be launched in 2006, It will carry a gradiometer which will
measure the 6 gravity gradients, Vy.z, Vay, Vi, Vazr Vyz, Vaas
given in the instrument frame with the x-axis aligned with the

" velocity vector, the z-axis in the plane formed by the velocity

and the position vector.. The y-axis completes the orthogo-
nal wriad. The goal of the mission is to determine 1° mean
geoid and gravity anomalies with an error below 0.01m and
1.0mGal, respectively.

Many global and regional simulations (see e.g. Arabelos
and Tscherning, 1995) have been carried out, initially using

preliminary information available from ESA. Meanwhile the

orbit parameters have been fixed, and more realistic simula-
tions can be made. In order to enable the comparison be-
tween different methods IAG Special Commission 7 has is-
sued a 1 month dataset with a 5s sampling, totally 718401

' points with 6 gravity gradlcnt values given in the above men-
" tioned instrument frame. EGM96 to degree 300 (Lemoine et

o dient
Key words GOCE mission, Geopotentlal model Fast :al 1998) was used to gencrate the gradien s

Least-squares collocation may, as demonstrated in ‘Tsch-

‘ ,',ermng {(2001), be used to _predict sphencal harmonic coeffi-
“cients. The use of the method for this purpose requires that
“a globally distibuted set of data is used.. Furthermore the

_ ‘optimal use of LSC require that systems of equations with

" ’as many unknowns as observations are solved, a procedure

' :"whnch obvicusly not is feasibie today.

Fortunately the method of Fast Spherical Collocativn, FSC,
(Sans6 and Tscherning, 2003) enables us to bypass this prob-
lemn. But data gridded equidistantly in lougitude and at a
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distance from the origin which is constant for each parallel
must be used. The method has also limitations with respect
to which data-types may be used. For gravity gradients the
second order radial derivative, 7., may be used, for exam-
ple. In the following we will describe how such values were
obtained from the “clean” SC7 data and from data to which
“:correlated noise has been added. Finally we will present the

" results of the application of FSC to the two mtcrpolated (gnd- -
‘i program fits a closed expression to the values derived fron

ded) data sets.

_ 2 Predu:uon of gndded T,r data

: :LSC wnth regnonally distributed data may be used to inter--

polate/predict values of the gravity gradients with a limited
effort. Other studies (Tscherning, 2003) show that excellent
results may be obtained using T, to predict T, just using
data in a neighbourhood which size will depend on the gual-
- ity of the reference potential used to define T'. This is due to

global medel was determined in two steps. First a covarianc
function of T,, was determined for 255km altitude. It wa:

determined as a Legendre-series with EGM96 error degree
variances from degree 2 to 24, EGM96 degree-variances fror
degree 25 - 360 and GPM98A (Wenzel, 1998) degree-var
iances from degree 361 - 720. This function was then fittec

- ‘'with an analytic expression using the GRAVSOFT (Tschem

ing et al., 1992) program COVFIT (Knudsen, 1987). Thi

the finite Legendre series.
Using the GRAVSOFT program GEOCOL, 162 jobs wert

. run, where values in a 0.5° grid at 255km: altitude as wel
".as error-estimates were computed. The numencally maxima
latitude was 83.25°.

the closeness of the radius vector to the instrument z — axis..

. We will here use EGM96 to degree 24 as our reference po-.
“tential. Using such a reference potential we will have a cor- .-
relation distance of 1.5° at mean satellite altitude (255km),, :

:.;see Figure 1,
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: " Fig. 1. Covariance function of second order radia) dervative of T at 255 km
s altitude: solid line=from degree vanances o degrac 720, dashed line=from '

- -wanalytic expression

Consequently, a reglon with at lcast a 1.5° border should

e :;ﬂj'be used. We have used 2.5° in latitude and longitude, i.e.

' the border is smaller at numenca]ly high latitudes, but here

S _wi]l the data dens:ry be very high due to the 96" inclination -
‘ _of GOCE In order to limit the admmlstrauon of the regional
o solutions, we decided to divide the Earth in 20° x 20° equal

"_":angular b]ocks 1e totally 9 x 18 = 162 regmns
“ILSC pemms us fo use’ covanance models fitted to local

" pOSSlblllry

;3_funcnon (Flg 1} wnh respect to. the regaonal variance. The' :

Initially the noise-free SCT7 T, data set was used to predic
the values which were compared to values computed fron
EGMOS6 (degree 25-300). An agreement was found with ;
mean value of zero and a standard deviation of typically !
mEU. In the computatlons the data were supposed to have

correlated noise with a 3mEU standard deviation and a 35¢
- correlation distance. We have here implicitly pressuposec
“that the GOCE data have been pre-processed so that contin
- “gent global bjases are removed (see Bouman et all., 2003).

' -Subsequently the computations were repeated with nois¢

" with these characteristics added (see Figure 2). The standarc

“‘deviation between values calculated from EGM96 and pre-

- dicted values now were in the range 1.5 — 2.0mEU, whict

: -corresponds well to the LSC esumated predlchon rror o
"'-2 OmEU '

'A"ddé_d corelated error ('EU)_: - ?-j

",.’_-o.oxo_ —

"“_':stat:stwal characteristics. We demded only partly to use this
In fact we snmply scaled a global covariance =
_ .area right outside the data area.
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Fig. 2. Error added to EGM96 data (time interval)

In Figure 3 the mean and the standard deviation of the dif-
ferences between “observed” and “predicted” T, as a func- -
tion of latitude is shown. From this figure it is evident tha
the error is large at the block-boundaries but not so much a
the boundanes and as i expectcd mcreases very much in the
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Fig. 4. Results of FSC prediction of spherical harmonics. Black = Square
roots of EGM96 degree-variances, Red = Siandard deviation per degree

" of the differences observed - predicted, Blue = Mean collocation error-

estimates of the predicted coefficients per degree
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Fig. 3. Mean and standard deviation of the differences between observed

- and predicted Trr, as a function of latitude. Black—Mean, Red=Standard

. deviation

3 Estimation of spherical harmonic coefficients using
FSC

The gridded data could directly be used by the program “SPH-
GRID”, which used a covariance function represented by the

~sum of a Legendre series to degree 720. The error-estimates
- were for-all parallels fixed to ZmBEU..

The standard deviation (unitless) per degree of the differ-

~“ences between the predicted coefficients and EGM96 coef-
. ficients (red curve), as well as the mean collocation error-
. estimates per degree of the. predicted coefﬁc1ents)sf(blue curve)

are shown in Figure 4, In the same figure the square roots of

- potential degree-variances of EGM96 are shown({error degree-
' variances' from degree 2 to 24 degree—vamances from degree
.. 2510300), '

.. We see t.hat the crossmg pomt where the signal and the

. noise standard deviation becomes equa] are approximately at

degree 200 as also found in other investigations.
“Figure 5 shows the error-estimates as'a function of the or-

der for the coefﬁments of degree 150. The influence of the
'polar gap_xs‘ele_arw_ly seen (cf, Tscherning, 2001a).

4 Conclusion

Regional LSC has been used to predict vatues of gravity gra-
dients (here 7.} in a grid. The grid values were used as input
data to Fast Spherical Collocation to determine estimates of
spherical harmonic coefficients as well as error-estimates of
these quantities.

It is without problems to predict gridded values of other
gravity gradients such as T, and T, the second order

derivatives with respect to latitude and longitude. Further
investigations will be executed in order to see whether it is
possible to improve the estimates of the coefficients using
these additional data types.
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Fig. 5. Enor estimates for degree 150 as a function of the order. Note the

influence of the polar gaps

References

Arabelos, D, and TFscherning, C.C., Regional recovery of the gravily field
from SO and Gravity Vector data using collocation. J. Geophys. Res.,
100, (B11):22009-22015, 1995,



4 SR © Tscheming & Arabelos: Computation of a geopotential...

" ‘Bourhan, J., Koop, R.. Sneuw, N. abd Tscherning, C.C., Terrestrial Data for

Calibration and Error Assessment of GOCE Gravity Gmdlcnts Presented
.2 -at EGS/EUG/AGU meeting, Nice, 2003,
L ESA; Gravaty Field and Steady-State Ocean Circulation Mlssnon. ESA SP-
1233, 1999, .
' 'Knudsen P, Esumanon and Modellmg of the Local Empmcal Covariance
' Function’ usmg gmwty and sa.tclhte 8ltlmeter da!a. Bull. Géod., 61, 145~
“160,:1987. .
.- Lemoine, F.G., Kcnyon SC Factor.JK. Trimmer, R.G., Pavhs. NK.,
- - Chinn, D8, Cox, CM., Klosko, §:M., Luthcke, 5.B., Tomence, M.H.,
Wang, YM., Williamson, R.G., Pavlis, E.C.,.Rapp, RH.,, and Olson,
.. TR., The Development of the Joint NASA GSFC and the National
1 "'[magery and Mapping Agency (NIMA) Geopotential Model EGMY6,
t i NASA/TP-1998-206861, Goddard Space Fl.lghl ‘Center, Gmenbcll. MD,
o0 July, 1998, :
. ‘Sansé, F. and C C Tschemmg Fast Sphenca] Co]locahon Theory and Ex-
. amples. J Geod. 77, 101-112, 2003. ‘
'~ SID: GOCE End to End Performance Analysns Fmal Report E ESTEC Con-
" tract po. 12735/98/NL/GD.. SID 200050

error csumams usmg Lcasl Squar:s Collocation. J. of Geodesy, Vol. 75

14-18, 2001.

Tscherning, C.C., Covering the GOCE mission polar gaps using gradient:
and ground gravity. Proc. Intermationsl GOCE User Workshop, ESTEC
23-24 April 2001, 105-110. ESA WPP-188, 2001a.

Tscheming, C.C., Testing gnddmg and filtering of GOCE gradiometer day
by Least-Squares Collocauon usmg sunulated data. Paper prepared fo
TUGG2003, 2003. o

Tscheming, C.C. and DArabelos Computawan of a geopotential mode
from GOCE data using Fast Spherical co_l!ocanon a simulation smdy
Prepared for JUGG/IAG-General' Assembly, G03, Sapporo, 2003.

Tscherning, C.C., Forsberg, R. and PKnudsen, P, The GRAVSOFT packag
for geoid determination. Proc. 1. Continental Workshop on the Geok
in Europe, Prague, May 1992, 327-334, Research Institute of Geodesy
Topography and Cartography, Prague, 1992.

Wenzel, H.-G., Ultra high degree geopotential models GPM98A an
_GPM9SE to degmc 1800 Proc, Joint Meeting Int. Gravity Commissio:
“and Tnt. Geoid Commission, Budapcst 10-14 March. Rc'p 98:4, Finnist

. Geodetic Inst.ltulc Helsinki, 71-80, 1998.

Tscheming, C.C.: Computation of spherical harmonic coel’ﬁclents and their .0




