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ABSTRACT 

A gravimetric estimate of the separation between the geoid and GRS80 ellipsoid has been 
made over Tasmania and its surrounding seas. This geoid model has used a combination of 
the EGM96 global geopotential model, the 1992 release of the Australian gravity database, 
and the national nine-second digital elevation model. The computational technique chosen 
was the one-dimensional fast Fourier transform, which has been adapted so as to include 
deterministically modified Stokes’s integration kernels over a spherical cap of limited extent 
about each computation point. Comparisons were made among 14 Global Positioning 
System heights, optically levelled heights on the Australian Height Datum (Tasmania) and a 
variety of gravimetric geoid solutions, computed using four of the deterministically modified 
kernels over differing cap radii. These empirical tests show that, in Tasmania, the Vanfcek 
and Kleusberg (1987) modifications for a degree 20 spheroid and cap radius of 0.3 degrees 
produces a gravimetric geoid model that gives the best standard deviation of fit of +186mm. 
By way of comparison, the best standard of fit achieved when using the unmodified spherical 
Stokes kernel was *234mm, also for a 0.3 degree cap radius. 
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1 INTRODUCTION 

The geoid is usually defined as the equipotential surface of the Earth’s gravity field that 

corresponds most closely with the undisturbed mean sea level. It is practically realised by 

tide gauge measurements and geodetic levelling, and, as such, is commonly used as the 

vertical datum for a region, country or continent. For many years, physical geodesists 

have attempted to model the undulations in the geoid with respect to a geocentric 

reference ellipsoid using gravity data in various adaptions of Stokes’s formula. This 

has principally been driven by the need to transform Global Positioning System (GPS) 

ellipsoidal heights to ot-thometric heights. 

Many gravimetric geoid models computed for other parts of the world using the fast 

Fourier transform (FFT) technique (eg. Schwarz et al., 1990) have usually convolved the 

whole regional gravity dataset with an unmodified Stokes kernel (eg. Sideris and She, 

1995). However, this approach appears to be inappropriate for the Australian situation 

(eg. Zhang, 1998; F ors erg and Featherstone, 1998; Johnston and Featherstone, 1998). b 

This is most probably due to the error characteristics of the Australian data and fit of 

the global geopotential model (Kearsley, 1988), but distortions in the Australian Height 

Datum (AHD) cannot ,be ruled out (eg. Featherstone and Stewart, 1998). 

Accordingly, computations of the Australian gravimetric geoid have relied upon inte- 

gration over a spherical.cap of limited extent (eg. Steed and Holtznagel, 1994; Johnston 

and Featherstone, 1998). Associated with this approach, however, is an increase in the 

size of the truncation error that results from the neglect of gravity data outside this 

limited integration domain. A large proportion of this truncation error can be reduced 

using a high-degree global geopotential model (eg. Featherstone et al., 1998). Never- 

theless, the truncation error can be reduced yet further by an appropriate modification 

of Stokes’s integration kernel. In addition, some of the deterministically modified kernels 

behave as partial high-pass filters (VaCek and Featherstone, 1998), thus removing a 

proportion of the low-frequency errors present in the terrestrial gravity data. 

Featherstone and Sideris (1998) present preliminary results of using deterministically 

modified integration kernels in the one-dimensional fast Fourier transform (lD-FFT) 
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technique (Haagmans et al., 1993) over Western Australia. The account on which the 

current paper is based (Vella, 1997) is an application of the same approach for the island 

state of Tasmania, which will help determine how useful modified integration kernels are 

in practical geoid computations in this part of the world. 

2 THE MATHEMATICAL MODELS 

2.1 Evaluation of Stokes’s integral by the lD-FFT 

As the name suggests, gravimetric geoid determination employs gravity data to estimate 

the separation between the geoid and geocentric reference ellipsoid. The most widely 

used relationship between this geoid height (IV) and the gravity anomaly (ag) is provided 

by Stokes’s integral, which may be expressed in terms of geographical coordinates as 

(eg. Heiskanen and Moritz, 1967 p. 112) 

where y  is normal gravity on the surface of the reference ellipsoid, R is the radius of a 

spherical Earth, (4, X) are the geodetic coordinates of the computation point, (#, X’) are 

the geodetic coordinates of each gravity anomaly ng($‘, X’) used in the convolution, + 

is the spherical angle between these two points, and S($) is the spherical (unmodified) 

Stokes function, which is given in a series form by 

(2) 

where P,,(cos$) is the Legendre polynomial of degree n. 

A quadrature-based numerical integration of Eq. (1) can be quite time-consuming, 

which is especially restrictive for geoid computations over large areas or at very high 

resolutions. The principal drawback is that the summations that are used to mimic the 

integrals in Eq. (1) h ave to be repeated for each and every point at which the geoid 

is desired, which is computationally very intensive. As such, the fast Fourier transform 

(FFT) technique offers an attractive alternative, mostly because of its computational 

speed. Therefore, the FFT has now established itself as a very popular technique to 

55 










































