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Introduction:  The gravitational field of a planet de-

pends on its internal density distribution and is thus of 
interest to constrain models of the planet’s interior 
structure. Tracking data from the Pioneer Venus Orbiter 
mission (1978-1980) and from the Magellan mission 
(1990-1994) have been used to determine models of the 
Venusian gravity field. The most recent gravity field 
model is an expansion in spherical harmonics up to de-
gree and order 180 (corresponding to a resolution of 1˚ 
by 1˚ at the surface), called MGNP180U [1]. Due to 
computational constraints at the time when the model 
was derived (1999), the coefficients were estimated in 
successive batches, resulting in artificial discontinuities 
in the solution and its error estimates (see also Figure 
1). This hampers the quality of geophysical analysis. 
We present an updated model of the Venus gravity field 
from a re-analysis of the Magellan tracking data, and we 
augment this data set with tracking data from the recent 
European Space Agency’s Venus Express mission 
(VEX, 2006-2014) [2]. 

 

 
Figure 1: Power spectrum for our solution based on 
Magellan data (up to degree and order 200). 
 

Methods: We process the Magellan and VEX data 
using a dynamical approach [3]. We use a batch least-
squares method to estimate parameters related to the 
spacecraft motion (such as the state vector at the initial 
epoch, drag and solar radiation pressure coefficients) 
and to estimate geophysical parameters related to Venus 
and its gravity field (coefficients of a spherical har-
monic expansion of the gravitational field up to degree 
and order 200, the gravitational parameter GM, the po-
tential degree 2 Love number k2, and Venus’ rotational 
state). We use our NASA Goddard Space Flight Center 

(GSFC) GEODYN II Orbit Determination and Geodetic 
Parameter Estimation package [4] to process the Venus 
tracking data. We show the data fit for the entire span of 
VEX data in Figure 2. Data affected by solar plasma 
(low Sun-Earth-Probe angles close to superior conjunc-
tion) will not be included. We will also pay close atten-
tion to the effects of the atmosphere on the estimated 
low-degree gravity field coefficients, by forward mod-
eling pressure fields from a General Circulation Model 
[5], following a technique developed for Earth [6] that 
has also been applied at Mars [7]. 

 

 
Figure 2: RMS of VEX X-band Doppler data fit, in-
cluding the Sun-Earth-Probe (SEP) angle. 
 

Results:  A preliminary result used only Magellan 
data (Figure 1). The resulting error spectrum does not 
show breaks, because our solution consists of a one-step 
inversion. Our value for k2 is 0.292 ± 0.008, close to an 
earlier result [8]. We will present a new gravity model 
that includes the VEX data. With these data, resolution 
can be increased in areas where VEX collected gravity 
passes. In addition, we use VEX data to extend the tem-
poral baseline for the estimation of time-varying gravity 
effects such as those described by potential degree 2 
Love numbers, and the spin-rate secular variations. The 
effects of atmosphere modeling on these parameters will 
also be investigated. 
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