
LPS XXVII 1017 

THE DEVELOPMENT OF A HIGH RESOLUTION GRAVITY FIELD MODEL FOR 
VENUS; J.P. ~erini', R.S. ~erem',~, F.G. Lemoine2, 'Hughes STX Corp., Lanham, 
MD 20706, 2Laboratory for Terrestrial Physics, NASAIGoddard Space Flight 
Center, Greenbelt, MD 20771, 3Now at the Center for Space Research, the 
University of Texas at Austin. 

We are pursuing the development of a high resolution gravity field model for 
Venus using all of the available Doppler tracking data from the Pioneer Venus 
Orbiter (PVO) and Magellan missions. A previous investigation produced the 
GVM- 1 (Goddard Venus Model- 1 ) gravity model[ 1 I, a 50th degree and order 
spherical harmonic representation computed using data collected in the early phase 
of the PVO mission (1979-1982). Here we present our progress in the 
development of an improved model complete to degree and order 90, to  be 
generated with the addition of Magellan tracking data to  the PVO data set. Our 
preliminary results show significant improvements in gravity field resolution with 
the inclusion of the higher precision Magellan data, primarily due to  its more 
complete geographical coverage at low altitudes. We are also investigating the 
application of an eigenvalue analysis solution method[21 which enables the 
estimation of global high degree and order gravity coefficients without the usual 
application of a priori constraints. 

Due to  the high eccentricity(0.84) of the PVO orbit, the PVO S-band 
tracking data provides high resolution gravity information only in a narrow latitude 
band centered on the periapse latitude of 14' N. The GVM-1 results reflect this 
geographical variation, with good resolution of the short wavelength gravity 
between the equator and 30"  N but poorly determined gravity in the polar regions. 
We have re-analyzed the PVO data, with the calculations moved t o  the 1991 IAU 
reference framel31. We have also implemented an improved atmospheric density 
model[41, resulting in more consistent and realistic solutions for the estimated drag 
parameters. 

The inclusion of the Magellan Cycle 4 tracking data produces gravity model 
improvements for two  reasons: 1) the Magellan X-band data have a noise level of 
roughly 0.1 mm/sec, an order of magnitude lower than the 1 mmlsec noise level 
of the PVO S-band data, and 2) the lower eccentricity(0.40) of the Magellan orbit 
results in a wider band of useful low altitude tracking data around periapse. 
However, because PVO and Magellan have similar periapse latitudes, neither data 
set produces high quality data in polar regions, and the addition of the Magellan 
Cycle 4 data adds little strength to  the determination of the gravity field at high 
latitudes. 

The aerobraking experiment that took place from May-August, 1993, 
successfully lowered the Magellan spacecraft into a near-circular, low altitude orbit 
about Venus with a periapse altitude of about 180 km and an apoapse altitude of 
roughly 500 km. The near-global low altitude coverage of the resulting tracking 
data in Cycles 5 and 6 presents the opportunity to compute a Venus gravity model 
of unprecedented resolution, with particularly significant improvements in the polar 
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regions. A spherical harmonic gravity model including some of the 
post-aerobraking data has been computed to  degree and order 60  by our 
colleagues[51, yielding improved resolution at high latitudes. We are working to 
process all of the Magellan Cycle 5 and Cycle 6 data and combine i t  with the PVO 
and Magellan Cycle 4 data sets to  produce a 90th degree and order model. Our 
preliminary gravity field solutions show improved resolution and accuracy, 
particularly in the resolution of the gravity anomalies associated with topographic 
features at high latitudes. We present our results in the form of gravity anomaly 
and geoid maps and their associated errors and examine the correlation of gravity 
and topography. 

The non-uniform spatial distribution of the Venus tracking data results in an 
ill-conditioned estimation problem when solving for a high degree spherical 
harmonic model because some coefficients are unobservable or are correlated with 
other coefficients. This problem is usually overcome by the application of a priori 
constraints to  the solution. We typically apply a zero-valued a priori constraint on 
the gravity coefficient covariance, with the weight defined by Kaula's power rule 
scaled for Venus. This technique has been used in the development of Earth161 
and Marsi71 gravity models and was employed in the computation of the GVM-1 
model[l I. Another constraint method has been developed[51 in which the solution 
is constrained with artificial surface acceleration measurements computed from a 
Kaula constrained solution. These surface constraints can be applied selectively 
in geographical regions where the tracking data does not support a high resolution 
gravity solution. We are investigating an alternative solution method using 
eigenvalue analysis[2]. In this method the solution is formulated using the 
eigenvectors of the unconstrained normal equation matrix. The poorly determined 
eigenvector parameters, which represent linear combinations of harmonic 
coefficient corrections, are removed and the solution is reconstructed using the 
well-determined eigenvector parameters. We have computed preliminary gravity 
field solutions using the Kaula constraint method and the eigenvalue analysis 
method and present a comparison of the results. 
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