The Influence of Gravity and Topographic Mass Density on Heights

Degree: PhD or MSc

Key-words: Physical geodesy, height systems, orthometric heights and
corrections, gravity inside the topographic masses, topographic
mass density, geoid

Entry: Bachelors, preferably Ist class Honours, Postgraduate Diploma
or Masters degree in geoscience, physics, mathematics, or any
related science or engineering discipline

Supervisor: Dr.-Ing. Michael Kuhn (kuhnm@yvesta.curtin.edu.au)

Project Funding: Various

Student Funding: Student is required to win APA, IPRS or other scholarship
(http://www.scholarships.curtin.edu.au/)
At the beginning the student will be funded by the project.

Resources: Australian gravity and terrain data, Australian Height Datum
data, software routines to compute the gravitational effect of
different shaped bodies, density model in the Perth region,
geological maps of Australia

Collaboration: Geoscience Australia, International Association of Geodesy

Starting Date: Unrestricted

Project Description:

Heights must be rigorously defined in the Earth’s gravity field, because it is gravity that
drives the flow of water. However, the drawback of actual (practical) height systems in
use is their often very crude approximation of the Earth’s gravity field. This is mainly
due to the approximation of real gravity values and neglecting the variation of
topographic mass density, which holds also for the Australian Height Datum (AHD,
Roelse et al. 1971).

The consequence is that practically defined height systems are in general not consistent
with the Earth’s gravity field (Heiskanen and Moritz 1967, chapter 4). A theoretical and
practical study of the principal differences between these height systems mainly under
the consideration of taking gravity and topographic mass density data into account
should be performed by this project.

This will achieved by the research in the following areas:

e A complete study of orthometric heights, which are rigorously defined in the
Earth’s gravity field (e.g. Heiskanen and Moritz 1967, p. 166). This involves
mainly the determination of the gravity vector along the plumb line inside the
topographic masses. To do this, different methods based on the computation of
the gravitational effect caused by the regarded mass distribution are available
from the geodetic literature (e.g. Heiskanen and Moritz 1967; p. 163, Sjoberg
1995). Applying these methods will show the differences in the resulting
orthometric heights by using various topographic mass density models, which
can give a better insight in the possible practical use of the orthometric height
system.



e As mentioned before, practical defined height systems such as the AHD are very
often not consistent with the classical definition of geodetic height systems such
as orthometric or normal height systems (e.g. Featherstone 1998, Featherstone
and Stewart 1998, Morgan 1992, Kearsley et al. 1988). Therefore another
important part of this project will be the study of the relations between different
actual height systems in use (e.g. AHD or the German height system DHHN)
and the before mentioned geodetic height systems. The outcomes of this study
can contribute to the redefinition of these and other height systems.

e The actual study involves mainly the use of height, gravity and topographic
mass density data. The major part of these data will be provided practical studies
over Australia. However, additional data where they are necessary will be
collected during this project by different field campaigns. The most problematic
data are the topographic mass densities, which are mainly provided indirectly
over Australia by a set of geological maps showing the surface rock type.
Therefore the possibility of constructing a three-dimensional Digital Density
Model (DDM) from geological maps together with additional information from
geology and geophysics. Additional methods exist to determine a mean density
value from surface gravity data (e.g. Parasnis, 1962), which should be included
in this study.
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