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Gravity Recovery and Climate Experiment (GRACE) satellite has been producing many scientific
results concerning seasonal changes in the Earth’s gravity field since its launch in March 2002. On
the other hand, global, regional, and local scale deformations have been continuously investigated
using Global Positioning System (GPS) over the last two decades. Here we try to compare velocity
field from GPS and non-seasonal gravity changes from GRACE. We take two different approaches,
i.e. those in the wave number domain and in the space domain. O In the first approach we found that
it is approximately up to degree 15 in terms of the Stokes’ coefficients that secular changes of gravity
well exceed measurement errors in the gravity field recovered by GRACE. As for GPS, we found
it rather difficult to extract crustal deformation field expressed by spherical harmonics due mainly
to the inadequate GPS station coverage, i.e. we could recover such field for only up to degree 4.
Correlation between the Stokes’ coefficients from the two techniques did not show good significance.
Then we tried to compare GRACE and GPS in space domain. From the secular gravity change map
up to degree 10 recovered by GRACE, significant regional gravity changes have been observed in
numbers of areas, namely Hudson Bay (Canada), Alaska, Greenland, southeastern Africa, Southeast
Asia, and in the southern part of South America. For regions with recent and past ice melting,
we compared gravity changes and GPS velocities and confirmed that these changes reflect elastic
and viscous responses of the solid earth to ice melting. Gravity changes in Southeast Asia were
found to reflect the coseismic jump in the gravity field associated with the 2004 Sumatra-Andaman
Earthquake rather than climate-driven secular decrease.
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Table. 1: Previous study about global and regional crustal deformation
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Fig. 1: Degree variances from GRACE (left) static, (middle) annually changing, and (right) secularly
changing gravity filed, Solid and dashed curves denote signals and errors, respectively. Errors were
obtained a posteriori from post-fit residuals of individual coefficient time series. Dotted curves show the
Kaula’s rule (proportional to 1.6 x 107%/n2,4.0 x 1071%/n?, respectively).
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Fig. 2: Degree variances from GPS (left) estimated up to degree/order 4, (middle) up to degree/order 7,
and (right) up to degree/order 10. Solid and dashed curves show signals and errors, respectively. Dotted
curve show the Kaula’s rule calculated by converting secular gravity changes from GRACE into surface

velocities using Love numbers.
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Fig. 3: Estimated degree 2 non-plate-tectonic secular velocity field from GPS. Degree 2 order 0 component

is not included.
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Fig. 4: Degree 2 secular velocity field converted from time-variable gravity field from GRACE using tidal

Love numbers. Degree 2 order 0 componet is not included.
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Fig. 5: Secular gravity changes by GRACE (up to degree/order 10). Clear gravity variations are seen in
the Hudson Bay (Canada), Alaska, Greenland, South America, Southeast Asia, and East Africa.
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Fig. 6: Secular geoid height changes (up to degree/order 15). This map has the pattern fairly similar to
the secular gravity changes in Fig.5.
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Fig. 7: Time series of gravity changes in Hudson Bay, Alaska, Greenland, South America, East Africa,
and Southeast Asia. Solid circles show monthly gravity values (relative to reference values) and error
bar indicate periods represented by individual data. Solid line is modeled by linear, annual and biannual
components. As for Southeast Asia, a clear gravity jump is seen associated with the 2004 great Sumatra-
Andaman earthquake. There, we estimated different offset before and after 2004/12/26 while other
components are assumed same throughout the period.
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Fig. 8: Secular gravity changes by GRACE from UTCSR, (up to degree/order 10). When compared with
the gravity map from GFZ, significant differences are seen in Antarctica and Pacific Ocean. However,
signals in high latitude regions with on-going and past ice melting and in mid-low latitude show fairly

similar patterns to fig. 5.
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Fig. 9: Comparison between secular gravity changes (up to degree/order 10) and velocities of GPS
stations. Color shows estimated gravity changes while triangles shows observed GPS velocities. Red and

blue triangles show uplift and subsidence,respectively. The sizes of traiangles indicate vector lengths.
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Fig. 10: Coseismic gravity changes of the 2004 Sumatra-Andaman earthquake, estimated using coeffi-

cients up to degree/order 20.
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