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ETS-07-01 08:30-09:00 I/O Highlights of GGP and Gedanken Experiments 
with SGs – what new can be realized? D. Crossley,  J. Hinderer 

ETS-07-02 09:00-09:15 C/O Improvement of Two Stacking Methods Used in 
Slichter Mode Detection 

Y. Guo, O. Dierks, J. Neumeyer,  
L. Potts, C.K. Shum 

ETS-07-03 09:15-09:30 C/O The Slichter Triplet in the Superconducting 
Gravimeter Series S.D. Pagiatakis, H. Yin 

ETS-07-04 09:30-09:45 C/O Product Spectra of Gravity Observations at 
Canberra, Australia H. Wondimu, D. E. Smylie  

ETS-07-05 09:45-10:00 C/O 
Study of Long-term Gravity Variations, Based 
on Data of the GGP Co-operation 
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M. Harnisch, G. Harnisch 
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Esashi Strainmeter. 
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Absolute gravity and vertical motion: results 
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M. Amalvict J. Hinderer, S. Rozsa 

ETS-07-10  C/P 

Analysis of the Free Oscillation Signals from 
the Long-term Records of Tidal Gravimeter 
Ascania Gs15 at Station Pecny (Czech 
Republic) 

P. Lukavec, A. Zeman 

ETS-07-11  C/P 

Investigation of long period seismic normal 
modes and the Slichter triplet with 
superconducting gravimeters; impact on deep 
Earth’s properties 

S. Rosat, J. Hinderer, L. Rivera, 
G. Roult 

ETS-07-12  C/P 
New observations of Q quality factors of a few 
gravest normal modes from the Global 
Geodynamics Project (GGP) 

G. Roult, S. Rosat, J. Hinderer,  
R. Millot-Langet, E. Clévédé 

ETS-07-13  C/P 
Regional Radial Rates of Earth’s Geometric 
Figure by VLBI and Non-tidal Secular 
Acceleration in Earth Rotation 

Z. Yang 
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ETS-07-01 
Highlights of GGP and gedanken experiments with SGs – what new can be realized?  
 
David Crossley (1) and Jacques Hinderer (2) 
(1) Department of Earth and Atmospheric Sciences, Saint Louis University, USA 
(2) Institut de Physique du Globe de Strasbourg, France 

 
The performance characteristics of modern gravimeters have in the past 7 years allowed great progress in 
the improvement of geodynamic quantities. We need think only of the ability to use gravity observations 
to discriminate between ocean tide models, or the measurement of the steric effect in the world’s oceans, 
or determining the Q of the Free Core Nutation, or the ability to determine atmospheric mass changes that 
do not affect surface pressure. We give a brief summary of the more interesting effect that have been 
observed and those that are currently hot topics. We then push the envelope further towards experiments 
that are in principle feasible with gravimeters (sometimes in conjunction with AGs) if only they could be 
realized. Two limitations appear at the practical level – the lack of sufficient instruments that can be 
purchased at a reasonable price for specific campaigns, and the difficulty of assembling current 
instruments at advantageous locations. We consider experiments such as: (1) what could we learn by a 
close-spaced array of instruments (as is done in the seismic community) that might monitor soil moisture 
and groundwater hydrology, (2) what could we learn from a regional array of instruments deployed in 
zones of active tectonics where we expect co-seismic displacements and silent earthquakes, (3) what 
could we learn from the continued monitoring of the Earth’s gravity field for intervals of 20 years or 
longer, and 4) how could we do a good job of volcano monitoring with SG’s? Such questions need to be 
addressed theoretically and modeled carefully before instruments are deployed, but they represent the next 
stage in the refinement of ground-based gravity studies. 
 
 
ETS-07-02 
Improvement of Two Stacking Methods Used in Slichter Mode Detection 
 
J.Y. Guo(1, 2), O. Dierks(2), J. Neumeyer(2), L. Potts(1), C.K. Shum(1) 
(1)Laboratory for Space Geodesy and Remote Sensing, Ohio State University, 2070 Neil Avenue, 470 Hitchcock Hall,  
Columbus, Ohio 43220, USA.  
(2) Department 1, GeoForschungsZentrum Potsdam (GFZ) Telegrafenberg A17, 14473 Potsdam, Germany.  
 
Detection of the Slichter mode using superconducting gravimeter (SG) data has been an active research 
topic during the past dozen years or so. Although there have been claims of identifying the mode (e.g. 
Smylie, 1999; Courtier et al., 2000), the results remain controversial (e.g. Rieutord, 2002; Rosat et al., 
2003). The primary reason for the controversy is that the amplitude of the mode, if excited, is barely 
above the noise level in the SG data. In this work, we propose improvements for two stacking methods 
currently being used for Slichter mode detection, namely, the multistation method (stacking in the time 
domain) of Courtier et al. (2000) and the product spectrum method (stacking in the spectral domain) of 
Smylie et al. (1993), in the hope of improving the detectability of the signal. The main difference of the 
improved methods from the original versions is that the data from different stations are stacked with 
different weights determined according to the noise level of the stations. Numerical test showed that the 
proposed improvement actually reduces the noise levels in the results as compared to the original versions 
of these methods, and thus providing an opportunity for potential successful detection of the Slichter 
mode. 
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ETS-07-03 
The Slichter Triplet in the Superconducting Gravimeter Series 
 
S.D. Pagiatakis (1) and H. Yin (2) 
(1) Dept. of Earth and Space Science and Engineering, York University, Toronto, Canada 
 (2) School of Geodesy and Geomatics, Wuhan University, P.R. China 
 
We analyse six years of continuous superconducting gravimeter (SG) data collected at the Canadian 
Superconducting Gravimeter Installation (CSGI), in Cantley, Canada in an effort to discover the Slichter 
triplet. We follow an  innovative and rigorous approach comprising the following steps: a) Remove  tidal 
signal from the records using G-WAVE, b) filter the one-second residual  series using non-overlapping 
Parzen windows in the time domain to produce  filtered values at random and unequally spaced intervals, 
c) propagate the  noise level of the original data to the filtered values thus assigning  realistic variances 
(i.e. weights) to the filtered values, d) divide the total  residual series into monthly segments, and use 
least-squares spectral analysis  (LSSA) on these segments (unequally spaced and weighted) by 
simultaneously  suppressing tidal loading, f) produce LSSA monthly spectra and carefully  examine the 
presence of peaks and their significance through rigorous statistical testing, g) use multiplication in the 
frequency domain to isolate  spectral peaks that are common in all monthly spectra. We believe that we 
can see clearly the Slichter triplet along with its time variability. For verification purposes we present 
results from other SG time series from Europe, Japan and Australia. 
 
 
ETS-07-04 
Product Spectra of Gravity Observations at Canberra, Australia 
 
Haileyesus Wondimu(1) and D. E. Smylie(2) 
(1)Graduate Programme in Earth & Space Science, York University, Toronto, Ontario, Canada M3J 1P3 
(2)Department of Earth & Space Science & Engineering, York University, Toronto, Ontario, Canada M3J 1P3 
 
The analysis of superconducting gravimeter observations has led to the detection of the three translational 
modes of oscillation of the Earth's solid inner core (Smylie, Hinderer, Richter and Ducarme, 1993). In that 
study, nine long record segments of 12,000 hours each were used in order to provide four significant 
figures in the recovered periods. While this allowed confirmation of the detection of the three modes by 
agreement with theoretical splitting law predictions, the signal to noise ratios were necessarily very low. 
 
In this study we use much shorter record segments of gravity observations in the analysis, to come up 
with much higher signal to noise ratios as found by Pagiatakis and Liu (2004) for observations from the 
Cantley, Québec, superconducting gravimeter (SG) station in Canada. 
 
Here, we start with one second observations of gravity taken at the Canberra, Australia SG station. We 
then decimate this data using a low pass filter, a month at a time, to one minute samples. These are then 
used to estimate standard errors in the one second values, both for deglitching purposes, and to enter into 
a Singular Value Decomposition technique for the determination of monthly Discrete Fourier Transforms 
(DFTs). Following Pagiatakis and Liu, we then form Product Spectra by taking the geometric mean of the 
absolute values of the monthly DFTs.  
 
References 
Pagiatakis, S. and Liu, unpublished. 
Smylie, D. E., Hinderer, J., Richter, B. and B. Ducarme (1993): The Product Spectra of Gravity and 
Barometric Pressure in Europe, Phys. Earth Planet. Inter., 80, 135-157. 
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ETS-07-05 
Study of Long-term Gravity Variations, Based on Data of the GGP Co- operation 
(Continuation)  
 
Martina Harnisch, Günter Harnisch 
Bundesamt für Kartographie und Geodäsie (BKG), Frankfurt a.M.,  retired members of BKG staff, Bergblick 12, D-14558 
Bergholz-Rehbrücke, Germany 
 
At the ETS2000 in Mizusawa a paper with the same title was presented.  At that time most of the GGP 
data series were short compared with the effects under investigation, while the pole tide had a minimum 
amplitude. In the meantime additional data sampled over four years became available and the polar 
motion has increased again. Therefore the study was continued with 12 GGP stations (BE, BO, CA, CD, 
MB, MC, MO, PO, ST, SU, VI, WE).   The data processing follows the schema as described in the 
proceedings of ETS2000. Generally uncorrected minute data were used. After the preprocessing an 
iterative procedure was used to estimate the instrumental drift of each instrument and to subtract it from 
the residual gravity signal. In a last step the annual wave and the Chandler wobble have been separated by 
fitting of two periodic functions. As to be expected, the results for the individual stations move closer 
together and become more reliable. The delta values for the Chandler wobble approach to 1.16. The 
correspondent values for the annual wave are slightly smaller but scatter strongly. The phase lags for both 
phenomena are in the order of a few degrees. The separation of the small polar motion constituent 
strongly depends on the correct estimation of the instrumental drift. Absolute gravity measurements could 
be a direct and independent proof of the drift-rate derived from the recorded SG data alone. At some 
stations (e.g. Wettzell) strong environmental influences occur, which have to be eliminated very carefully. 
However the required AG data as well as precipitation and groundwater data are available only at few 
stations as yet. 
 
 
ETS-07-06 
Long-term Monitoring by Absolute Gravimetry: Tides to Postglacial Rebound 
 
A.Lambert(1), N.Courtier(1) and T.S.James(1) 
(1)Geological Survey of Canada, Natural Resources Canada, Sidney, BC, Canada 
 
Gravity variations on the Earth's surface arise from a variety of processes spanning a wide spectrum of 
frequencies and spatial scales. It is clear that this spectral complexity calls for a global distribution of 
geodetic measurement sites, such as the Global Geodynamics Project (GGP) network, to facilitate the 
identification and understanding of individual processes. A major advance in gravity field monitoring has 
been made with the launch of space missions such as GRACE. Current missions, however, have a 
relatively short lifetime (5 - 8 yrs). For that reason, long-term, inter-mission monitoring of the gravity 
field at a global network of sites is vital for separating inter-annual processes from the secular variations 
dominated by postglacial rebound and contemporary changes in ice mass. While the preferred terrestrial 
gravity monitoring system is a combination of superconducting and absolute gravimetry, major advances 
can be made using absolute gravimetry alone.  We report on progress in studies of a wide range of 
phenomena from tides to postglacial rebound, based on nearly a decade of measurements using an FG5 
gravimeter at over a dozen sites in North America. The FG5 record is shown to be a rich source of data on 
fluid diffusion at tidal frequencies, seasonal variations in soil moisture, subduction zone dynamics, inter-
annual processes and postglacial rebound.    
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ETS-07-07 
Observing Long Term FCR Variation by Using Esashi Extensometer 
 
J.Ping (1,2), T.Tsubokawa(1), Y.Tamura(1), K.Heki(1), T.Matsumoto (1), T.Sato(1) 
(1)Mizusawa Observatory, National Astronomical Observatory,  Iwate, Japan  
(2) Astro-geodynamical Center, Shanghai Astronomical Observatory, Shanghai, China 
 
Esashi Earth Tides Station of Mizusawa Observatory of NAOJ has been operated for tidal observations 
from 1979.  Among the observations, a long term extensometer data for 3 components of both free end 
point recorders and middle point recorders are calibrated and corrected to solve the tidal drift and tidal 
admittances.  Based on the estimated admittances of diurnal tidal constituents, the fluid core resonance 
parameters are obtained with very high precision to compare with the results obtained from other 
independent methods. Also, its time variation is obtained.  For the overlap observation together with co- 
located SG, they are identical.  Additionally, periodic like signal is noticed  in  FCR variation time series.  
Finally, comparisons with other GGP SG observations are discussed. 
 
 
ETS-07-08 
Global analysis of the GGP superconducting gravimeters network for the estimation 
of the polar motion effect on the gravity variations. 
 
B. Ducarme(1), A.P. Venedikov(2), J. Arnoso(3), R. Vieira(3) 
(1) Chercheur Qualifié au FNRS, Royal Observatory of Belgium  
(2) Geophysical Institute, Bulgarian Academy of Sciences  
(3) Instituto de Astronomía y Geodesia (CSIC-UCM)  
 

Among the series of superconducting gravimeters available from the GGP data bank we selected 9 
of the longest ones to try a common evaluation of the tidal parameters of the pole tide. The theoretical 
effect of the pole tide on gravity was computed using the IERS series of the pole coordinates.  

 
For each series, in a first step, the VAV analysis method is used to evaluate the tides at the usual 

frequency domains from 1 to 6 cycles per day, together with the low frequency LP tides and the air-
pressure effects as well as the apparent long-term drift. Further the drift is considered as a non-tidal 
gravity component of the record, processed by specially created program POLAR. The model used is 
composed by the observed pole tide, an annual component with frequencies from 1 to 6 cycles per year 
and an aperiodic component, called conventionally instrumental drift. The latter is represented by 
polynomials with possible points of discontinuity. The main aim is the estimation of the pole amplitude 
factor δ, relating the observed gravity pole tide with the theoretical pole and a time lag between the 
observed and the theoretical pole tide. The program has been applied separately on each of the 9 stations, 
getting individual values for each one of them. The individual analyses have allowed cleaning in a new 
way of regression analysis the data from anomalies, finding points of discontinuities of the drift 
polynomials and optimum values of the parameters of the model used, e.g. the power of the polynomials. 
Since the analysis is based on the method of the least squares, a reasonable separation of the pole tide 
from the annual component was possible for series of length under 6.6 years, a length necessary for the 
usual spectral analysis. The values obtained are given in the attached table.  

 
After the individual analyses, a global analysis has been applied on all 9 series, with a single 

estimated value of the δ factor. The global value obtained is δ = 1.1821 ± 0.0048. It is larger than the 
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value predicted by an inelastic model of the Earth response to a P2
0 exciting potential. The discrepancy is 

most likely due to the ocean pole tide influence.  
 

 
Station 

 
δpole 

  MSD  
σ(δpole) 

Longi 
Tude 
 

Lati  
tude 

Number 
days 
used 

Time- 
lag 
days 

Boulder 1.1829 ±0.0086 254.8 40.13  2960  -03 
Brussels 1.1866  0.0127   4.4 50.8  6684  -03 
Canberra 1.1784  0.0056 149.0 -35.3  1971   00 
Cantley 1.1851  0.0176 284.2 45.6  3354  -02 
Membach 1.1921  0.0138   6.0 50.6  2838   03 
Moxa 1.1661  0.0138  11.6 50.6  1293  -02 
Potsdam 1.1859  0.0093  13.1 52.4  2242  -03 
Strasbourg 1.1857  0.0148   7.7 48.6  2202   02 
Vienna 1.1526  0.0086  16.4 48.2  1998  -02 
All stations 1.1821  0.0048   25542  

 
 
ETS-07-09 
Absolute gravity and vertical motion: results from observations along a profile 
crossing the Rhine graben from the Vosges to the Black Forest. 
 
M. Amalvict (1) J. Hinderer (1,2) and S. Rozsa (3) 
(1) Institut de Physique du Globe de Strasbourg, France  
(2) Laboratory for Terrestrial Physics, NASA Goddard Space Flight Center, Greenbelt, USA 
 (3) Geodetic Institute, Karlsruhe, Germany 
 
The Rhine graben is limited by the Vosges Mountains (France) and the Black Forest (Germany). The 
present-day tectonic evolution of this system is not well known and many questions are still pending: is 
the graben subsiding, are the mountains uplifting, what is the relative behaviour of the 3 different 
geological components? In attempting to answer these questions, we compare for the first time in this 
region time series of absolute gravity (AG) measurements at different sites to the available GPS 
observations. We consider 3 AG sites along a profile crossing the Rhine graben: our reference station is 
the gravimetric Observatory near Strasbourg (J9), located in the Rhine plain where AG measurements are 
regularly performed since 1997 and where superconducting gravimeter (SG) observations are available 
almost continuously for 17 years; the satellite sites are the Welschbruch station in the Vosges mountains, 
where 5 AG measurements have been conducted since 1997 and the Black Forest Observatory (BFO) 
where 2 AG measurements are available. GPS permanent receivers are collocated at the Strasbourg-J9 site 
(since 1999) and at the Welschbruch station (since 2000), as well as in the surroundings of BFO. We will 
compare the long term content of these two types of geodetic measurements with special emphasis on the 
trend despite the limited duration of our data sets; we will discuss in particular the ratio gravity 
change/vertical displacement change and its link to different physical processes. 
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ETS-07-10 
Analysis of the Free Oscillation Signals from the Long-term Records of  Tidal 
Gravimeter Ascania Gs15 at Station Pecny (Czech Republic) 
 
P. Lukavec (1), A. Zeman (1) 
(1) Dept. of Advanced Geodesy, Faculty of Civil Engineering,  Czech Technical University in Prague, Czech Republic 
 
The results of analysis of long-term records of the earthquake events with tidal gravimeter Ascania Gs15 
at the station Pecny (Czech Republic) by Fourier transform leads to surprisingly good level of signal-to-
noise ratios of the free oscillations. It is evidence of the fact that evens this spring gravimeter with 
electrostatic feedback, under favorable conditions and with extreme care could provide signal-to-noise 
ratios comparable to the ones achieved with superconducting gravimeters for shorter periods. Presented 
contribution further describes modification of the data for Fourier  transform, choice of suitable data range 
(40 hours cca 300-500 minutes after  coming of the first quake), comparison with the data analysed for 
LCR  gravimeter at the same station and comparison with the model values of the  frequencies for known 
Earth's models (PREM, 1066A, 1066B). 
 
 
ETS-07-11 
Investigation of long period seismic normal modes and the Slichter triplet with 
superconducting gravimeters; impact on deep Earth’s properties 
 
S. Rosat (1), J. Hinderer (1, 2), L. Rivera (1) and G. Roult (3) 
(1) Institut de Physique du Globe de Strasbourg, France  
(2) Laboratory for Terrestrial Physics,  NASA Goddard Space Flight Center, Greenbelt, USA.  
(3) Institut de Physique du Globe de Paris ,  France 
 
Superconducting gravimeters (SGs) show extremely low drift (a few µgal yr-1) and very high sensitivity 
in the long period seismic band. Below 1 mHz many SGs can achieve lower noise levels than the best 
long period seismometers (and spring gravimeters) and are thus well suited for the study of the gravest 
seismic modes. We demonstrate this by analysing SG series observed after the 2001 M = 8.4 Peru event 
in the normal mode band. The high resolution, seen for example in the splitting of the fundamental 
spheroidal mode 0S2, contributes significant information to long-period normal mode seismology. The 
low noise level of SGs has led to the first detection of the degree one seismic mode 2S1 (first elastic 
overtone of the Slichter translation of the solid inner core) using a stacking method applied to the SG data 
sets with the lowest noise levels. The study of long period seismic normal modes is of major interest as it 
leads to valuable constrains on the density structure in the mantle and core and the improvement of Earth's 
models needs more observations of the splitting of the gravest modes. Another spectral domain where 
SGs are most appropriate is the subseismic frequency band which includes the Slichter triplet of the inner 
core. The detection of this translational motion is primordial to provide some information on the density 
jump and probably also on the viscosity at the inner core boundary, as well as on the stratification of the 
liquid outer core. We will present the results from a stacking method adapted to the search of degree one 
modes and propose a possible candidate for the Slichter triplet which emerges from the ambient noise; the 
implications in terms of deep Earth’s properties are discussed. 
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ETS-07-12 
New observations of Q quality factors of a few gravest normal modes from the Global 
Geodynamics Project (GGP) 
 
Geneviève Roult(1), Séverine Rosat(2), Jacques Hinderer(2), Raphaëlle Millot-Langet(1), Eric Clévédé(1) 

(1) IPGP, 4 place Jussieu, 75252 PARIS, France 

(2) EOST, 5 rue Descartes, 67084 STRASBOURG, France 
 

The high quality of the GGP superconducting gravimeters contributes to the clear observation of seismic 
normal modes at frequencies lower than 1mHz and offers a good opportunity for studying the behaviour 
of these modes. 
The interest of scientists for the gravest normal modes is due to the fact that these modes do contribute to 
a better knowledge of the density profile in the Earth, helping to constrain Earth’s models. 
These modes have been clearly identified after some large recent events recorded on superconducting 
gravimeters. The Peruvian earthquake of June 2001 provided us with individual spectra (in a unique 
station) with a clear splitting of the fundamental mode 0S2 and identification of each of the five individual 
singlets, with a resolution never obtained from broad-band seismometers records. 
The Q quality factors have been determined from the apparent decrease of the amplitude of each singlet 
with time, according to a well suited technique (Roult & Clévédé, 2000). The results are compared to the 
theoretical frequencies and Q quality factors computed in the PREM model, taking into account the 
rotation and the ellipticity of the Earth. The two datasets (frequencies and Q quality factors) exhibits a 
small shift between the splitting of the observed values and that of the predicted ones. That seems to point 
out that the rotation and the ellipticity don’t explain the observations and that we have to take into account 
additional effects. 
A new dataset of Q quality factors of all singlets of the gravest modes is under construction, including the 
0S2 and 0S3 modes, the radial 0S0 mode and the 2S1 mode recently identified by Rosat et al. (2003). 
 
 
ETS-07-13 
Regional Radial Rates of Earth’s Geometric Figure by VLBI and Non-tidal Secular 
Acceleration in Earth Rotation 
 
Zhigen Yang 
(1) Shanghai Astronomical Observatory, Chinese Academy of Sciences (CAS), 80 Nandan Road, Shanghai 200030, China  
(2) National Astronomical Observatories, CAS, 20 Datun Road, Beijing 100012, China 
 
Based on the NNR-NUVEL-1A plate tectonic model as calculating modeled  relative horizontal velocities 
of boundaries between two plates along VLBI  baseline direction, by using observed rates of VLBI 
baseline length change as  input parameters, the average regional radial rates of VLBI stations, which  
located at both east-west sides of the Atlantic Ocean for different latitude  zone, were quantified, the 3-D 
station velocity vectors of GPS, SLR in ITRF2000  is respectively used to confirmed the corresponding 
rates above, the possible  effects of the regional Earth’s figure or shape changes, caused by the radial  
rates above, on the non-tidal secular acceleration in Earth rotation were  addressed. The primary 
conclusions are that due to the estimated average  uncertainty on regularly observed VLBI baseline length 
change rates is better  than +/- 1 mm per year, the potential regional radial rates of the Atlantic  Ocean 
zone can be confirmed, its effect to the secular variation of the angular velocity of the Earth’s rotation is 
discussed, the non-tidal  secular acceleration in Earth rotation is probably composed of the contribution  
of both the post-glacial rebound during the last 21000 years and the regional  and/or global radial rates of 
the Earth’s geometric figure, but not the former  one only as indicated in the previous studies.  
 


