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Estimation of the pole tide gravimetric factor at the chandler period
through wavelet bltering
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SUMMARY

Wavelet analysis for filtering is used to improve estimation of gravity variations induced by
Chandler wobble. This method eliminate noise in superconducting gravimeter (SG) records
with bandpass filters derived from Daubechies wavelet. The SG records at four European
stations (Brussels, Membach, Strasbourg and Vienna) are analysed in this study. First, the earth
tidal constituents are removed from the observed data by using synthetic tides, then the gravity
residuals are filtered into a narrow period band of 256-512 d by a wavelet bandpass filter. These
data are submitted to three regression analysis methods for estimating the gravimetric factor of
the Chandler wobble. After processing by wavelet filtering, SG records can provide amplitude
factors and phase lags of the Chandler wobble with much smaller mean square deviation
(MSD) than these provided by former studies. It is mainly because the wavelet method can
effectively eliminate instrumental drift and provide smoothed data series for the regression
analysis.
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1 INTRODUCTION

Variations in the geocentric position of the rotation axis (i.e. po-
lar motion) of the earth will perturb the centrifugal force and thus
deform the Earth. Polar motion consists of two main frequency com-
ponents: the Chandler wobble and the forced annual wobble at period
about 432 and 365 d, respectively. Modern space geodetic observa-
tion techniques, such as very long baseline interferometer (VLBI)
and global positioning system (GPS), can now observe the temporal
variations of earth orientation parameters (EOP) with an accuracy
less than 1 mas (1 mas = 1 milli-arcsecond). The time-dependent
Earth deformation induced by the Polar motion can affect high-
precise gravity observations. The superconducting gravimeter (SG)
is the world’s most sensitive and stable gravimeter. With a sensitivity
of 0.01 nm s52 and instrument drift less than a few 10 nm s52 per
year, the SG is able to observe gravity effects caused by the polar
motion, the so-called “pole tide’. The pioneering work of study of
the polar motion using SG records goes back to Richter & Zirn
(1988). After them some challenging studies to investigate the na-
ture of the gravity variations caused by the polar motion using SG
and EOP data have been conducted (De Meyer & Ducarme 1991;

Richter et al. 1995; Sato et al. 1997; Loyer et al. 1999; Sato et al.

2001; Xu et al.2004; Harnisch & Harnisch 2006).

However, all the above mentioned previous works brings out sev-
eral points worthy of further consideration. First, the instrumental
drift is usually approximated by polynomial or exponential model
over the entire observation intervals. Such an approximation is ef-
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fective when the drift is continuous but it certainly fails when SG
measurement has jumps or discontinuities, the observation from SG
TOO3 at the station Brussels is such a case (Ducarme et al. 2005).
Secondly, Because of no efficient narrow bandpass filter in previ-
ous works, the annual and Chandler components in SG records are
usually filtered into a comparatively wide frequency band in which
there still exist large, complicated long-period regional perturba-
tions which can be hardly removed by mathematical models and may
affect the estimation of the gravimetric factors of the pole tide. Fur-
thermore, some previous studies used the same atmospheric pressure
correction in the pole tide analysis as in the Earth tidal analysis at
daily and subdaily period, that is, correction with a mean baromet-
ric admittance over whole frequency range. However many studies
proved that the admittance was obviously frequency-dependent and
that its value at low frequency was significantly smaller than the

mean value (e.g. Crossley et al. 1995; Neumeyer 1995; Hu et al.

2005, 2006b). The gravity residuals in the pole tide band could thus
be overcorrected if a mean local barometric admittance is used in
the pressure correction.

The main motivation behind this study is to try to solve the prob-
lems quoted above with wavelet filtering method.

In the following Section 2, we simply introduce the rationale
of the wavelet filtering method. In Section 3, SG records from four
European stations are processed to obtain gravity residuals, and the-
oretical pole tides are computed from IERS data. Then in Section 4,
the wavelet filtering is applied on gravity residuals to eliminate in-
strumental drift and other noise. Section 5 estimates the gravimetric
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