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Development of a gravity gradiometer for precise on-board measurements
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We have been developing a gravity gradiometer that could measure vertical gravity gradients on a moving vehicle, such as a
aircraft and a ship, to a level of a few microgal. This target sensitivity of a few microgal is about two orders of magnitude better
than the sensitivity of mechanical gravimeters, which are typically used on aircraft and ships. This gravity gradiometer would
allow us to carry out on-board measurements in inaccessible areas, with an unprecedented high sensitivity.

This gravity gradiometer employs the concept of the free-fall interferometer, developed for tests of the Weak Equivalence
Principle. Two test bodies are put in free fall and their differential displacements during the free fall are monitored by a laser
interferometer. Unlike the tests of the Equivalence Principle, the centres of mass of the test bodies are separated along the verti
direction before free falls. This separation allows us to obtain the vertical difference in the gravitational fields. Because of the
differential measurements, the obtained gravity gradients are, in principle, insensitive to the motion of the vehicles on which the
measurements are carried out.

We will introduce the concept of the gradiometer and present the current status of the development.
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Development of a gravity gradiometer system for submarine gravity prospecting
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An attempt of the local gravity field estimation using GOCE satellite gradiometer data
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Estimation of ice-sheet trend over Antarctica using GRACE, ICESat, and EnviSat data
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The estimation of FCR parameters by the gravimetric tidal factors corrected through op:

timal ocean tide model, TPX0O7.2
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Superconducting gravimeters at Metsahovi, Strasbourg, Sutherland, Canberra and Syowa Stations were used to estimate
FCR (Fluid Core Resonance) parameters using the Bayesian method (Tarantola and Valette, 1982) with an priori information. W
obtained the probability density function with the most probable value by integrating the probability for a reasonable parametel
range (Florsch and Hinderer, 2000). One of the primary motivations of this study was to find the effectiveness of optimal ocear
tide model for each station located globally on the estimated FCR parameters. From a statistical test on the error in K1, PSI
and PHI1 waves, increasing the percentage error of the imaginary part of gravimetric factor in each wave separately, we foun
that the PSI1 wave was most sensitive to the correlation between the quality factor and imaginary component of the resonanc
strength, and to the standard deviation of quality factor. The ocean loading effect was estimated using TPXO7.2, which gave th
smallest combined misfit for every station in diurnal bands. The obtained results are as follows: the quality factor of Metsahovi,
Sutherland and Syowa stations were found to diverge, i.e., non-symmetric probability density functions (PDFs). The quality fac-
tor at Strasbourg and Canberra showed the symmetric PDFs and the most probable values by integration were 37762+-4452 a
3311+-607, respectively. Strasbourg was the only station which showed the good correlation between quality factor and imagi
nary part of resonance strength. Eigenperiods of 430+-5 and 428+-1.6 days at Metsahovi and Strasbourg, are close to the res
of the theoretical prediction by Mathews et al. (2002) and the observed values at Europe by Rosat et al. (2009) within the margil
of error. However, the results of eigenperiod of 435+-8 days for Sutherland, 432+-6 days for Canberra, and 433+-43 days fo
Syowa have discrepancies as compared with the most probable value of 430.2+-0.28 days by Mathews et al. (2002). Employir
the stacking method, the parameters of FCR were found to have a normally distributed PDF: the mean values were 432+-2da;
for the eigenperiod, 0.6362+-0.006degree x10-3degree/ h for the real component of resonance strength, -0.1967+-0.0236deg|
x10-4degree/ h for the imaginary component of resonance strength, and 35897+-4230 for the quality factor.

Keywords: FCR parameters, ocean tide model, Superconducting gravimeter, Syowa Station, ocean loading effect
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High-resolution gravimetric geoid model for Japan from EGM2008 and local gravity data
High-resolution gravimetric geoid model for Japan from EGM2008 and local gravity data
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A high-resolution geoid model covering four main Japanese islands (Hokkaido, Honshu, Shikoku and Kyushu) has been de
veloped on a 1 by 1.5 arc-minute grid from EGM2008 and terrestrial gravity data over Japan. The Stokes-Helmert Scheme in.
modified form is applied for the determination of the geoid using an empirically determined optimal spherical cap and Kriging
technique is used for gridding residual gravity anomalies. Comparisons between the gravimetric and geometric geoid undulatior
are carried out using 816 GPS/levelling points. In comparison with the previous geoid model for Japan (JGEOID2008), there is
a slight improvement in the standard deviation from 8.44 cm to 8.29 cm. The standard deviation reduces to 5.81cm about a mez
of 0.00 cm after planar fit.

Comparisons between the gravimetric and GPS/levelling geoid undulations are also carried out in each of the main island
except Honshu which is divided into three parts (North Honshu, Central Honshu and West Honshu) because of its size and g¢
ometry. The following is a summary of the comparisons in each area: Hokkaido 163(6.71), North Honshu 171(6.41), Central
Honshu 163(7.34), West Honshu 158(5.16), Shikoku 56(8.69) and Kyushu 105(5.58), where the numbers outside the bracke
represent the number of GPS/levelling points while bracketed ones are the corresponding standard deviations in cm. It is note
that although the determined gravimetric geoid represents the geoid over Japan fairly well, there is still need for more gravity
data especially in the northern part of Japan to obtain a precise geoid model.

O O 000 : geoid model, gravity, Kriging, EGM2008, GPS/levelling
Keywords: geoid model, gravity, Kriging, EGM2008, GPS/levelling
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