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Summary

Many different methods for gravity field modelling have been investigated, among which, the
harmonic expansion has been widely used due to harmonic nature of gravity potential field that
satisfies Laplace equation in an empty space. This method, however, cannot reach to a high
resolution in a gravity field, and suffers from omitting the high frequency gravity signals and
therefore it is not appropriate for loca gravity field modelling. To overcome this drawback and
recover high frequency features of gravity field, appropriate basis functions with local support
should be used. One of the methods for loca gravity field modeling based on local harmonic
function is spherical cap harmonic analysis. In this method, the Dirikhlet boundary value problem
for Laplace equation is solved for boundary conditions on the surface of a spherical cap which
results in Eigen expansion of the solution in terms of the associated Legendre function of non-
integer degree and integer order. Another method that can be used for local gravity field modeling
is rectangular harmonic analysis. In this method, Laplace equation is solved in a local Cartesian
coordinate system and boundary conditions are applied on a plane area which. In this approach,
trigonometric functions are used as basis functions.

In this study, the problem of local gravity field modeling based on both spherical cap, and
rectangular harmonic expansion is investigated. Also, a numerical study is conducted to show the
performance of each method for local gravity field modeling. To do so the observations of vector
airborne gravimetry in the northwest of Tanzania in Highland region are used to derive the
coefficients of each model. The low-frequency part of observed gravity field is removed from the
data using EGM 2008 geo-potential model, and the resulting residual gravity field is considered for
local modelling. Since the governing equations for determination of the coefficients suffer from an
ill-conditioning problem, it is necessary to apply some regularization schemes to find the optimum
solution. Here, the Tikhonov regularization method is utilized to obtain the regular solution. In this
study, the edge effect for each model is also analyzed. To show this effect, the results of models
are compared with the observations of gravity at some control points distributed both within the
study area and its margin. It should be noted that the maximum degree of expansion in harmonic
series, plays an important role in appropriate fitting of local gravity field modelsto the gravity data
and it has significant effects on the computational task of determining the coefficients of each
model. For this purpose, loca gravity field modelling is calculated with different value of
maximum degree of expansion and then regarding to the result (accuracy of loca gravity model by
comparing with control points), appropriate value of maximum degree of expansion for each
model is determined.

Finaly the results of two models are compared to each other to show the performance of each
modelsin local gravity field modeling. The results of this study revea that ASHA has the ability to
model local gravity with accuracy of about 1 mGal, and RHA method in the best situation can just
achieve to a 3 mGal accuracy, athough the convergence rate in RHA model is faster than ASHA
model. Also by comparing the edge effect on each models, it is seen that the edge effect in two
models and in al directions occurred but in a Z direction of RHA model that are more significant
than the other directions in two models and one may conclude that the edge effect of RHA are
much larger than that of ASHA. Finally, the result obtained shows that ASHA model can have
better results for local gravity modelling.

Keywords: Loca gravity field modeling, Adjusted spherical cap harmonic, rectangular harmonic
analysis, airborne gravimetry.
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