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Abs tract

® The Australian Synthetic Earth Gravity Model (AUSSEGM) is e
a high-resolution (1-arc-min by 1-arc-min) regional souree/ef
fects SEGM over the Australian continent.

® The lmg-wavelength source part (spherical harmonic degree
and order N,ME 360) is taken from EGM96 global geopoten
tial model and the shortavelength part (N,M > 360) is de °
rived from the effect of a high-resolution (3-arc-sec) digital ele
vation model (DEM) based on GLOBE v1 DEM and JGP95E.

® AusSEGM provides exact and self-consistent higkelution
gravity filed functional (gravity, gravity anomaly, geoid height)
on regular geographic grid nodes (1-arc-min by 1-arc-min) as e
well as arbitrary points with similar distribution as observed
gravity points. Thus, it is ideal for validating theories, techni
ques and computer software for regional geoid determination.

Hybrid Source-Effects Model

Source modeldake a (realistior smulated) mass-density
distribution of the solid Earth into account using Newtoni
an integration. Here a higlesolution (3-arc-sec by 3-arc-
sec) simulated DEM has been used to model the (local)
high-resolution content of the gravity field over Australia.

Effects modelsdo not make anyassumptions about the
mass-density, but do conform with real obseations of the
Earth©s shape and gravity field. Here EGM96, JGP95E,
and GLOBE v1 DEM have been used to provtueglob

al gravity field andopography.

Hybrid source-effects modelsuse a combination of
source and effects models, where the former is ystaddl

en to model the (global) long-wavefgh structwe and the
latter to model the (local) short-wavelength constituents of
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e The precision of ABBEGM (after a first iteration) isstimated the Earth©s gravity field (see Figure 1). ! otgl teeno
to be better than 3@al for gravity and gravity amoaly and 3 ) ) o Giobal Dpography , SohgpSelen
mm for geoid heights. Figure 1 (on the right): A schematic view othe global (Iong-_wave ‘\ ,
. . . . length) and local (short-wavelength) component8ufSEGM in the ~
® Comparisons with real tiashow that AusSEGM isredlistic. concept of a sourcefetts madel SEGM. >

The Simulated (3-arc-sec by 3-arc-sec) DEM (SD EM)

® A simulated high-resolution (3-arc-sec by 3-arc-secQ6im) DEM (SDEM) has been con .
structed over Australia (122-15%E, 8S-4%S) using an isotropic two-dimensional fractal
surface imposed on top of the (30-arc-sec) GLOBE v1 DEM (Hastings and Dunbar 1999).

e The horizontal and vertical variation of the fractalface is associated with the roughness
(expressed by standard deviation) of GLOBE, which ensures a abhswoealistic fractal
contribution to thdinal SDEM. °

e Figures 2 and 3 (below) show the high-resoluBDEM as well as a compariswith an ex
isting 9-arc-sec by 9-arc-sec DEM over Australia (GeosgenAustralia,
http://www.ga.go\au).

The Effect of High-Resolution T opography

While the long-wavelength information of
AusSEGM is taken from EGM96 the short- |
wavelength information is derived frothe
effect of the local/global topography (model ™
led withr =2670 kg/nd). '2"'

The (total) effect on gravitational accelera =
tion and potential is derived via Newton inte
gration (including the global topography as
given by JGP95E). Subsequently these ef o
fects are divided in their low- and high fre L 100

qguency constituents using an expansion int6igure4: Short-wavelength part (N,M 360) of the
: ‘ gravitational acceleration fett of the local/global
sphencal harmonge topography at the Eartissirface.

o0 125+ 130+ 135+ 140+ 145 g0,
115

A

Min: -88.6 mGal, Max: 125.8 mGal
Mean: 0.0 mGal, Stdv: 5.4 mGal L 50

|

1200 125 130+ 135+ 140 145. 1500 120+ 125 130+ 135+ 140 145. 150.
- = —_

115°

115

. g~ 2500 y I 300

L 2050 0 - 250

- 200 e The long-wavelength compent (up to de
gree/order 360) isat regarded fukter as this

effect is already accounted for by EGM96. '*‘"
The shorwavelength component (beyond ™ ‘--
degree/order 360) isegarded as the short- ™ \‘-.

wavelength source causedtbg high-reolu ad ‘-.
s

- 2000 .
15 L 150

- 1750 | 100

r 1500 r 50

- 1250 r o o

I 1000 r o

r-100

r 750

- -150

tion topography (Figures 4 and 5). o

The contribution of the short-wavelength =
source part is generally small and remains in -
most cases (more than 99% of all values) be - -
low 20 mGal and 0.2 m for the gravitationalFigure5: Short-wavelength part (N,M > 360) dhe
attraction and geoid height, respectively. Th@eoid height due to the gravitational potentidéef
highest values ocein the high mountains, ' " ‘ocalglobal topography at theofr (H=0).
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Figure 3: Differences between SDEM (averaged to 9-arc-sec - 08
by 9-arc-sec) with the 9-arc-sec &arc-sec GeoDatdersion
2 DEM ofAustralia. Most of the diérences (91.4% of all val
ues) remain below 100rthe lage diferences are due ®-

rors in the GLOBE v1 source dataésHilton 2003).

Figure 2: The simulated 3-arsec DEM (SDEM) oveAus-
tralia, which shows the broad structure of gestralian top
ography, as defined by GLOBE v1.

Final Par ameters of AusSEGM

® The current version of AusSEGM provides the followingf-sehsistent
gravity field parameters:

- Free-air gravity anomaly at the Earth©s surface* (Figure 6)
- Gravity at the Earth©s surface* (Figure 7)

- Geoid height(Figure 8) = \
*The Earth@aurface is given hetey the 3-arc-sec SDEM

e The structure of all gravity field parameters is similer that given by
EGMO96 with additional high-frequency information.

The parameters are given on a regular 1-arc-geiographical grid. In addi a0r
tion, free-air gravity anomalieand gravity values are provided at 330,929
arbitrary locations with a similar distribution as measured gravity points.

® Thefinal parameter are obtained by the superposition of the long- and short-
wavelength parts for the gravitational acceleration oretih©s surface and
the effect on the geoid height (Brs©s formula applied to the change in-grav s 130 135+ 140 145,
itational potetial). e 2 2 S

e Itis essential to note that theynthetic gravity observations on the top
ography have not been used here to compute the synthetic geoid.

Numerical Results
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Figure 6: Free-air anomaly cAusSEGM given ~ Figure 7. Gravity value ofAUSSEGM given at  Figyre8: Geoid hajht of AUSSEGM.
at the Earth's surface. the Earth's surface.
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Comparison with Real Data

e In order to demonstrate that AUSSEGM provides realistic gravity field esti
mates, the results for gravity and geoid height have been comptredto
tal of 330,929 meased gravity stations and 254 GPS-levelling data, respec
tively (data supplied by Geoscience Australidattp://www.ga.gov.au)

® The conparison of the gravity data shows a reasonguaygd agreement Y e
(Figure 9) with most (99.3% of all values) of the differences being below 20
mGal. Furthermore the spatial distribution shows no significant systematic
effect.

® The comparison of the AusSEGM geoid ieis with the GPS-levelling +e
sults (Figure 10) shows mean differences of about 1 metre, which gfaws
AusSEGM reproduces the broad structure ofgbaid. Remaining differen
ces can be attributed to the fact that AUSSEGM is a simulated model and to
errors in the GPS and levelling data. Especiétig,visible north-south trend

can most likely be attributed to systematic errors in the Australian HeigBt™,. b teoomiera smihet o armity mocel
Datum. ' :

(SEGM) specifically for testing regional gravimetric geoid de
. P P - terminations. Journa of Geodesy.
® Overall, the comparison shows that AusSEGM is indeed realistic. Thus, |tj§2;”ng's°§A ;L”nb:r Pf(”(le:;'g)_ clobal Land Onekiometre
useful for validating theories, techniques and software for regieoid gle Base Elevation (GLOBEDigital Elevation Model, Documenta
termination. Furthermore, it cdve used for gravity field studies over Aus tion, volume 1.0, Key to Geophysical RetsrDocumentation

tralia. (KGRD) 34, National Oceanic and Atmospheric Administration,
National Geophysa Data Centre, Boulder, Colorado, USA,
138 pp http://www.ngdc.noaaov/seg/topo/globe.shtml
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Figure9: Comparison of thé\usSEGM gravity value with
measured gravity values @vAustralia.
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Figure 10: Comparison of theAusSEGM geoid height
with the results of 254 GPS-leliel points.
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