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Motivation: Presently large efforts are made in interdisciplinary
research for the identification of mass redistributions in the Earth
system. Such mass displacements cause changes in the Earth’s
rotation, geometry and gravity field and, vice versa, can therefore be
traced in the geodetic observation data of these quantities. In this
context a first experimental time series of weekly GRACE-only
gravity models up to degree and order 30 is generated at GeoFor-
schungsZentrum Potsdam (GFZ) in order to increase the temporal
resolution of the detection of mass variations derivable from
GRACE-based estimates of gravity changes. As part of an ongoing
quality assessment of these models this study compares weekly polar
motion excitation functions determined from changes in the Earth
rotation and gravity field as well as from mass distributions and
motions within and exchanges between the subsystems of the Earth.
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Comparison of weekly polar motion excitations X,, X,

individual
motion effects

Advantages of excitation functions: A great benefit is
that they are not influenced by free oscillations of the Earth such as
the Chandler oscillation. Furthermore excitation functions exhibit
geographical dependency and are geophysical meaningful. X,
features changes in the distribution and motion of masses over the
oceans and X, over land. The latter is significantly more affected by
shifting masses than by variations in currents and winds (Fig. 1).
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Comparison of the integral effect: All solutions for the
integral polar motion excitations are validated by comparisons witho
excitations derived from the IERS polar motion C04 05 series. These
“geodetic excitations” have an accuracy of about 3 mas. It appears
that the integral mass effect can be described slightly better from
GRACE gravity solutions than from geophysical models.
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Fig. 2: Comparison of the integral polar motion excitations determined from: [1] C04 05 series,
[2] GRACE solutions (mass effect) plus geophy. models (motion effect), [3] altimetry data
(oceanic mass effect) plus models (mass a. motion effect) and [4] geophy. models.

combination [2] [3] [4]
correlation wrt. C04 05 | 0.93 0.88 0.90
RMS writ. C04 05 [mas] 15 17 16

Table 1: Corresponding correlation and RMS values for Fig. 2.

Comparison of the integral mass effect: Resulting
excitation functions are compared with excitations determined from
the GRACE gravity fields. These “gravimetric excitations” have an
accuracy of about 3.6 mas. Solutions for X, agree better than for X,.
Thus we conclude mass displacements over land are more accurate
than over the oceans. Since within the processing of the altimetry data
the IB adoption has been applied, the same simplification has been
used for the combination of the geophysical model data to allow for
comparisons. Thus, the simplified description of the pressure
coupling between atmosphere and oceans might be a source for
artificial signals.

| Fig. 3: Comparison of
the integral mass polar
motion excitations deter-

mined form: [2] GRACE
solutions, [3] altimetry
data (oceanic mass eff.)
1 plus modelied atmo-
spheric mass effect

and [4] geophy. models.
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combination B1E%, [ @1£x, [BIEX, [[41£X,
correlation wrt. GRACE 059 = 0.68 087 | 090
RMS wrt. GRACE [mas] 10 10 12 13

Table 2: Corresponding correlation and RMS values for Fig. 3.

Conclusions: The results indicate that the mass-terms of the
equatorial excitation functions are in general well recovered by the
weekly GRACE gravity fields. In addition, as a clear benefit of the
GRACE-based data these provide error estimates that can be used for
a rigorous error propagation, while the accuracy of mass and motion
terms derived from atmospheric, oceanic and hydrological models is
still uncertain.

GSTM + DFG-SPP Symposium 2007, 15 - 17 October, Potsdam




