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Abstract. The GRACE satellite mission, scheduled for launch in 2001, is designed 
to map out the Earth's gravity field to high accuracy every 2-4 weeks over a nominal 
lifetime of 5 years. Changes in the gravity field are caused by the redistribution 
of mass within the Earth and on or above its surface. GRACE will thus be able 
to constrain processes that involve mass redistribution. In this paper we use 
output from hydrological, oceanographic, and atmospheric models to estimate 
the variability in the gravity field (i.e., in the geoid) due to those sources. We 
develop a method for constructing surface mass estimates from the GRACE gravity 
coefficients. We show the results of simulations, where we use synthetic GRACE 
gravity data, constructed by combining estimated geophysical signals and simulated 
GRACE measurement errors, to attempt to recover hydrological and oceanographic 
signals. We show that GRACE may be able to recover changes in continental water 
storage and in seafloor pressure, at scales of a few hundred kilometers and larger 
and at timescales of a few weeks and longer, with accuracies approaching 2 mm in 
water thickness over land, and 0.1 mbar or better in seafloor pressure. 

1. Introduction 

For the past few decades, the tracking of artificial 
satellites in Earth orbit has been the principal means 
of determining the Earth's gravity field at global to re
gional scales. Because the orbital motion of a satellite 
is largely determined by gravitational forces, orbit solu
tions based on precise satellite tracking observations can 
be used to invert for the gravity field. So far, the most 
useful satellites for this purpose have been those that 
use ground-based lasers to measure the Earth-satellite 
distance. And the most useful of those has been LA
GEOS, launched in 1976 to an altitude of about 6000-
km and still providing range measurements of the high
est quality. 

High-altitude satellites like LAGEOS, however, can 
provide useful gravity information only at relatively 
long wavelengths. The most recent satellite-only global 
gravity model, JGM-3 [Tapley et at., 1996], includes 
spherical harmonic coefficients out to degree and or
der 70, which corresponds to half-wavelengths of 285 
km and larger. Shorter-wavelength terms decay rapidly 
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with distance above the Earth's surface, so that their 
accurate detection would require a low-altitude satellite. 
Low-altitude satellites, however, are subject to consid
erably larger nongravitational forces, primarily from the 
atmosphere, and these can greatly degrade the gravity 
inversions at all wavelengths. The 6000-km altitude of 
LAGEOS is a reasonable compromise between a low 
enough orbit to provide good resolution, and yet a high 
enough orbit to minimize atmospheric drag effects. 

The satellite laser ranging measurements have also 
been used to detect temporal variations in the Earth's 
gravity field. The gravity field depends on the Earth's 
mass distribution, which can undergo changes due to 
dynamic processes within the Earth and on and above 
its surface. Laser ranging to LAGEOS and other satel
lites has provided information about seasonal, decadal, 
and secular changes in a few (from two to about five, de
pending on the analysis) of the very largest-scale, zonal 
components of the gravity field [see, e.g., Yoder et al., 
1983; Rubincam, 1984; Cheng et at., 1989; Gegout and 
Cazenave, 1993; Eanes, 1995; Nerem et al., 1993; Dong 
et at., 1996]. The sources of this variability have been 
proposed as including mass redistribution in the atmo
sphere (for the seasonal terms), the 18.6-year gravita
tional tide in the solid Earth and oceans (for the decadal 
variability), and a combination of postglacial rebound 
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