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Abstract

With the advent of the CHAMP and GRACE satellite missions, satellite
gravimetry has opened a new era featuring high spatial resolution and accuracy. These

two missions provide continuous satellite tracking'data in a high-low (HL-SST) and
a low-low satellite-to-satellite tracking (LL-SST") ' scenario. They are both equipped

with accelerometers for determining nen-gravitational forces and star-cameras for
determining attitudes. For each™:mission a laser retro-reflector is also mounted to
provide additional tracking data. The GRACE mission uses a K-band ranging system
to determine ranges and range rates (RR) between the two GRACE satellites at an
accuracy of 10 um and 1 um/s, respectively. Precise range-rate rates (RRR) can be
derived from RR. The uniqueness and the unprecedented accuracy of CHAMP and
GRACE’s tracking data have motivated this study, which mainly focuses on methods
for efficiently recovering the Earth’s gravity field and its temporal variation.

A phase method is developed. In this method, GPS phase observations of a low
earth orbiter (LEO) are used to compute line-of-sight accelerations between GPS and
LEO, which are then used to determine the 3-dimensional accelerations of LEO using
precise GPS ephemeris. Accelerations are linear functions of gravity coefficients,
which make the least-squares estimation of gravity coefficients very simple in terms
of computational effort. This method is efficient and does not require modeling GPS
integer ambiguities. However, accelerations other than the Earth’s gravity-induced
acceleration must be modeled and removed from the phase-determined accelerations.

The gravity coefficients recovered from CHAMP by this method agree well with the



EGMO96 gravity coefficients.

Closed, linear expressions between RR or RRR and gravity coefficients are
established using a linear orbit perturbation theory. These expressions are based on the
concepts that RR is a function of the potential difference between two satellites and
RRR is the line-of-sight acceleration. These expressions are used in a least-squares
estimation of gravity coefficients from GRACE’s RR or RRR. Seven days of
simulated data using EGM96 and OSU91A have been used to test the theories and
computer programs based on these expressions.

A direct acceleration method is employed to determine the time variation of the
Earth’s gravity field. In this method, the accelerations of LEO are determined by
numerical differentiations of the positions of LEO. After removing accelerations other
than the Earth’s gravity-induced accelerations, linear relations between LEO
accelerations and gravity coefficients can be established, as in the phase method.
Empirical parameters can be used to model the residual non-Earth-gravity
accelerations. The time series of J, derived from one year of CHAMP data and four
months of GRACE data by this method closely. resemble the SLR-derived time series
of J,. Moreover, one set of normal.equations-is computed from a 7-day orbit arc. A
total of 42 such normal equations from-CHAMP data and 33 normal equations from
GRACE data are computed. These normal equations are considered uncorrelated and
are combined to determine an averaged gravity field. This gravity field yields a
geoid model with an accuracy of better 5 mm at a spatial resolution of 1000 km
half-wavelength, which is better than those derived from the recent satellite-only
EIGEN-1S and EGM96 gravity fields.



