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ABSTRACT 

This report f irst  develops a new anomaly degree variance model by considering 
potential coefficient information to degree 20, and updated values of the point anomaly 
variance (1795 mga12), the lo block variance (920 mga12) and the 5' block variance 
(302 mgal?, the variances being given with respect to the Geodetic Reference System 
1967. This new model was computed assuming that anomaly information was given 
on a sphere of radius 6371 km with the radius of the best fitting Bjerhammer sphere 
found to be 6369.8 km. 

This new model and several other models were used to develop closed expres- 
sions for the covariance and cross-covariance functions between gravity anomalies, 
geoid undulations (or height anomalies) , and deflections of the vertical. It is shown 
how these global covariance expressions can be modified for use as  local covariances 
and for use when mean anomalies a r e  being considered. A Fortran subroutine is 
provided for the determination of the covariance values implied by the recommended 
anomaly degree variance model. 
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1. Introduction 

In wrying out the a imat ion  of gravimetric dependent quantities using the methods 
of least squares collocation ( M o r i t ~ ,  1972) we need to have an analytical function that 
can be used to determine the covariance functions for such quantities as  anomalies, de- 
flec tions of the vertical, geoid undulations etc. Generally speaking a numerical covariance 
function for anomalies can be determined from anomaly data. The resultant function can 
be considered by determinhg a model for the anomaly degree variances. Tscherning (1972) 
has shown how such anomaly degree variance models may be used to determine the covar- 
iance models for several gravimetric quantities. Since we need the best estimates of our 
covariance models for the application of least squares collocation, it is appropriate that 
we use the latest available data in determining our models. In addition we a re  now at a 
stage where refinements in anomaly degree variance modeling, beyond that used by Rapp 
(1973) can be considered. 

The purpose of this report is  to describe recent computations made and subse- 
quent analytical work that leads to improved analytical covariance models. 

0 
LI. Prel  iininarv Eauations 

In this section some of the relevant formulas to be used in later sections will 
be presented. 

We first consider our covariance function which for the purposes of this report 
will be considered as  stationary and isotropic. Then we can follow the standard defini- 
tion (Heiskanen and Moritz, 1967) of the anomaly covariance a s  the mean product (at  a 
given distance) of the anomaly pair AgF, AgQ . Thus: 

On a plane the distmce, or  anomaly separation is  usually specified by some linear dis- 
tance (such as  20 km). If we deal with data on a sphere we usually considered the dis- 
tance to be defined a s  $ a spherical arc  so  that we a r e  interested in values of c($) .  At 
$= 0 ,  C ( J I )  becomes the anomaly variance. For the estimation of C($) from anomaly data 
given on the surface of a sphere, we can write (Heiskanen and Moritz, 1967, p. 258): 

where 0 is a polar angle (0 at the north pole), X is the longitude and a is an azimuth. 



We will obtain from (2), a point anomaly covariance function if the Ag values 
a r e  point anomalies o r  we will obtain a mean anomaly covariance function (for a 
specific block size) if the Ag values a r e  mean anomalies. In practice the sphere is 
not completely covered by anomalies so  that an expression that may be used to compute 
the covariance between any two functions f J  and fk given in blocks on the sphere whose 
a r ea  is A and A, respectively may be written: (Kaula, 1966 a ,  p. I. B. 7).  

- 
In our case f j  = Ag (8, A )  and f,=Z(e1, A') where the overbar signifies a mean anomaly. 
If the anomalies a r e  given in equal area  block (3)  becomes: 

where n is the number of products taken a t  a given spherical distance $. In practice 
the distance \li to which a special product a t  distance ljj, is determined by the equation: 

where AJI is a suitably chosen range. In our numerical results to be discussed later,  
A$ was specified to be f .  

A more fundamental covariance function than that of the gravity anomalies is 
that of the disturbing potential, K(P,  Q). We generally do not estimate K(P ,  Q) from 
numerical data, but rather consider the following series representation for it: (Moritz, 
1972, p. 88): 

where: uA a r e  the degree variances of the anomalous potential; 
R is the radius of the Bjerhammar sphere; 
r, r' a r e  the geocentric radii to points P and Q which a r e  separated 
by a spherical radius JI. 

For  convenience we let: 
























































































