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Abstract: Gravity Recovery and Climate Experiment (GRACE), launched in April, 2002, makes it possible to monitor
Earth’s mass redistribution with its time-varying gravity observation. GRACE provides monthly gravity solutions as
coefficients of spherical harmonics, and thus ones need to convert the gravity spectrum to gravity grids (or mass grids)
via the spherical harmonics. GRACE gravity solutions, however, include spatial alias error as well as noise, which
requires to suppress in order to enhance signal to noise ratio. In this study, we present the GRACE data processing
procedures and introduce some applications of time-varying gravity, which are studies of terrestrial water storage changes,
Antarctic and Greenland ice melting, and sea level rise. Satellite missions such as GRACE will continue up to early
2020, and they are expected to be an essential resource to understand the global climate changes.
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Fig. 1. Geoid (left panel) and water thickness (right panel) variations at Sep. 2007 from GRACE monthly gravity solutions.

Units are mm of geoid and mm of water.
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Fig. 2. Time series of observed by GRACE (blue line) and
SLR (red line).
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Fig. 3. RMS degree amplitudes of GRACE time varying
gravity components (blue line), its formal error (black) and
synthetic gravity calculated from numerical models.
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Fig. 4. Shape of Gaussian filter which drops the amplitude
a half at 400 km radius.
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Fig. 5. (a) Variations of cosine terms in spherical harmonic coefficients representing GRACE gravity time varying solutions.
There exist a correlated pattern between odd and even degrees at order equals 15. Blue and red lines are 4th order polynomial
fit to the odd and even degree coefficients. (b) Residual spherical harmonic cosine coefficients after removing the alias in (a).

Fig. 6. Water thickness variations after different filters applied. (a) is after removing the spatial alias, (b) is using the 300 km
Gaussian filter and (c) is after applying both Gaussian filter the and alias reduction. Unit is mm of water.
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Fig. 8. Water thickness variations observed by GRACE at the four basins.

Fig. 9. Vertical displacement due to the Glacial Isostatic
Adjustment (GIA) and it is converted to equivalent of water
thickness (Paulson et al., 2007).
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Fig. 10. Ice mass melting signal at Antarctica and Greenland observed by GRACE. Red lines are after applying scale factors to

blue lines.

60 180 300

Fig. 11. Ocean averaging kernel that ignores ocean area
within 300km from coasts (Chambers, 2009).
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