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ABSTRACT 

The geoid is the equipotential surface to which orthometric heights are referred, whereas the 
quasigeoid is the non-equipotential surface to which normal heights are referred. The 
Australian Height Datum is a hybrid of these vertical datum surfaces, being called a normal 
orthometric height system. It is therefore appropriate to determine the separation between 
these reference surfaces with a view to future gravimetric determinations of the geoid or 
quasigeoid of Australia. Using Bouguer gravity anomalies and a digital elevation model, the 
maximum separation between these surfaces has been estimated to be - 150 mm, with a 
standard deviation of 218 mm, in Australia. When compared to 129 Global Positioning 
System and Australian Height Datum control points across the continent, the inclusion of the 
quasigeoid-to-geoid separation term makes no difference to the standard deviations of the 
differences. This indicates that the determination of either the geoid or the quasigeoid is 
appropriate for the determination of Australian Height Datum heights from the Global 
Positioning System in Australia. 
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1 Introductiou 

In a recent article, Rapp (1997) suggests that the fully normalised potential coefficients 

that define global geopotential models yield height anomalies as opposed to geoid undu- 

lat,ions. Therefore, it appears as though a correction term must be applied to t,he height 

anomalies derived from such models in order to yield geoid undulations. 

The geoid undulation (N) refers t,o the sepa.rat,ion hctween the reference ellipsoid and 

the geoid measured a.long t,he ellipsoidal normal, whereas the height anomaly (0 refers to 

the separation hetwwn t,hc rcfcrcncc ellipsoid and the quasigeoid, also measured along the 

ellipsoidal normal. Correspondingly, the heights that refer to the geoid a.re ort~lwm~t,rit 

brights (II) mexurrd along the plumbline, whereas the heights that refer to the quasigeoid 

are uormal heights (II’) measured along t,he ellipsoidal normal. These two reference 

surfaces and their corresponding height systems are shown schematically in Figure 1. 
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However, t,he Australian Height Datum (AHD) [Roelse et al. (1971)] is neither an or- 

t,hometric height system nor a normal height system. Holloway (1988) termed the AHD 

a normal orthometric height system because normal gravity was used in t,he orthom& 

ric correction formulae instead of observed gravity [Roelse et al. (1971)]. Therefore. it is 

appropriate to investigate whether a correction term that accounts for the difference be- 

tween these reference surfa.ces should be considered during Australian geoid or qua.sigeoid 

computations. The estimated magnit,udc of t,his t,erm ca,n also be used to assess whet,hel 

the AHD is a closer approximation of the geoid or the quasigcoid. 

This paper applies tests similar to those presented by Rapp (1997) using Australian 

data only. The quasigeoid-to-geoid correction t,erm published for the EGM96 global geopo- 

tential model [Lemoinc et al. (1997), National Imagery a.nd Mapping Agency (1997)] is 

compared to that est.imated from Australian Rouguer gravity anomalies and topographit 

hclight,s on lillld. ‘I’hr rff;~t of t,hese estimates of t,he quasigeoid-to-geoid separation is also 

evaluat,ed at cot~t rol points with both Global Positioning System (GPS) anti AH 1) Ileights 

to indicate whether the AHD is more closely aligned with the geoid or the qua.sigeoid. 

2 Difference Between the Geoid and the Quasigeoid 

As well as the conceptual differences bet)ween the geoid and quasigeoid outlined above, 

there are a number of theoretical and practical differences in their computation on land, 

since they are identical at sea. The principal difference stems from the assumptions made 

concerning the treatment of the Earth’s topography during the solution of the geodetic 

boundary value problem. 

Solving Laplace’s equation under certain boundary conditions in a spherical approxi- 

mation yields the classical Stokes formula for the gravimetric determination of the geoid 

[Heiskanen and Moritz (1967), p94]. One problem with Stokes’s approach is that it rc- 

quires the gravity observations be downward-continued from the l?ar~,h’s surface to the 

gcoid. This requires a knowledge of the bulk density distribut,ion in the topopraptly above 

the geoid. As this information is often unavailable, the formulae ark simplified by as- 

signing a reasonable const.ant density (typically 2,670 kgm-“) to the topographic masses. 

thus making the formulae more suitable for practical evaluation. Theoretically. however, 

the problem of unknown t,opographic delisity remains in Stokes’s solution to the geodetic 
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