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the colored noise by the applied wavelet method with
weights homogeneous in space and dependent on scale at
one hand, and to keep in mind the difficulty in
determining proper relative weights to respective data on
the other hand. In addition, we should remember the fact
that it is not possible to fully rely on the potential data at
the large wavelet scales because they also include their

own imperfection.

5. Application over Japan

We finally apply the method to real data over
Japan: a high-resolution local gravity model from
Kuroishi and Keller (2005) and a spherical-harmonics
model of the geopotential, EIGEN-GL04S, complete to
degree and order 150 (Biancale et al., 2005).

The geopotential model is developed only from
GRACE and LAGEOS measurements. Its cumulative
error at degree 120, in terms of RMS, amounts to about
2.5 m’/s?, corresponding to about 25 cm in geoid height
error. We calculate 5448 potential values from the model
up to degree 120, regularly spaced on the ground level in
the same area as that of the synthetic validation.

The local gravity model is based on a combination
of land and marine gravity data and satellite altimetry
derived gravity anomalies from KMS2002 (Andersen and
Knudsen, 1998). We decimate it on a grid of 3 by 3
minutes and take 103,041 Faye anomalies on the ground
level. The geographical distribution of Faye anomaly is
shown in Fig. 10. Highest frequency undulations below
10 km of wavelength have been damped by a
moving-average filter before applying the wavelet
analysis.

We subtract low-degree components of
EIGEN-GL04S from both data sets and apply to those
data sets the method with the same parameter setting as
those of the wvalidation tests. The iteration scheme
employed is one FMG-cycle followed by two V-cycles.
The process is repeated by using progressively updated
data a few times until convergence. Judgment of
convergence in iteration is generally made in such a way
that the correction increments or the ratio of them to the
estimated  parameters becomesmaller than the

pre-assigned limits (criteria). In the case that the noises are
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Fig. 10 Local gravity anomaly model for Japan from Kuroishi
and Keller (2005).

not random or not well-behaved, however, the iterative
computation becomes unstable at some stage, resulting in
divergence. In such a case, we either stop the iteration
computation and use the results at next-to-last step, or
increase the weights of the regularization term and rework
the iteration again.

The residuals of the respective data are shown
geographically in Fig. 11. The RMSs of the residuals are
1.10 m%/s* with a bias of - 0.25 m?s” for the potential data,
and 1.00 mGals with a bias of 0.60 mGals at 15 km
resolution for the anomaly data. These RMSs are
reasonable in consideration of the data precision.
Systematic residuals at large scales are remarkable
particularly south of the Japanese islands and obvious
along the coastal areas of the main island, Honshu as well.

These features at the ocean in the residuals are
likely to reflect the systematic errors in the anomaly data
controlled by the altimetric model. Kuroishi (2009) shows
similar results by comparing the local gravity model with

a GRACE-based geopotential model and develops a



30 Bulletin of the Geographical Survey Institute, Vol.57 December, 2009

134" 136" 138" 140" 142" 144" 146" 148

id A N qfij/ 44
3 i
42° 42°
40 = 40°
38’ 38*
36" B i 36°
34' j 34°
32’ 32
30’ = 30°
=

134" 136" 138" 140" 142° 144" 146" 148°

-30-24 -18 -12 -06 -0.0 06 1.2 18 24 3.0
27,2
m°/s

134" 136" 138" 140" 142" 144" 146" 148°

I T TR e s iy
a8 - e b TR | 44
o L i T s Bl 8
' G CrR
4. fe o O v
t e 3 ¥
42 "{S P~ 1 = L3
¥ : -Jﬁt?ﬂ Fr | I
s B -\\ g Fat
40" el - e 40
T
38" i r R L : 38’
36° - R . A 36
,‘“/—'&‘ug | ¥ ;
34" g b - ——— 34°
32 B FE ‘ 32
: 8 or .j
0y e ! ‘ 30
., v 1 o RS . ey I —
134" 136" 138° 140° 142" 144° 146" 148"
[—— ¥ ; ; ; ¥ ; ; ]
~1.00-0.50 0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

mGals

Fig. 11 Geographical distribution of residuals. Leff panel: potential residuals to degree 120. Right panel: gravity anomalies at 15 km

resolution

highly improved gravimetric geoid model for Japan,
JGEOID2008, after removal of such errors from the local
gravity model. This demonstrates how the uniformity of
accuracy of the GRACE-derived static gravity model
contributes much to detection of areas of degraded quality
in the local gravity data.

Based on the discussion, we try to correct the
anomaly data for an improved combination. First, we
exercise a low-pass filter to the anomaly residuals at the
resolution of EIGEN-GL04S. The left panel in Fig. 12
shows the model corrector obtained, which is subtracted
from the anomaly data. Then we apply again the
developed method to the corrected data sets with
increased weights of the potential data with respect to the
anomaly data. By inspecting the post-fit residuals, we
progressively refine the model corrector and repeat the
method for combination.

The final model corrector thus obtained is shown
in the right panel in Fig. 12. The corrector is subtracted
from the anomaly data and the corrected data are used for
combination by the method developed. The residuals of
the geopotential data and of the corrected anomaly data
are represented geographically in Fig. 13. The RMSs of

residuals are 0.40 m%/s® with a bias of -0.01 m?%/s” for the

potential data, and 0.45 mGals with a bias of 0.006 mGals
at 15 km resolution for the corrected anomaly data. We
find that no significant bias remains in both residuals and
these RMSs are well below the estimated levels of data
noise.

In the plot of the residuals of the corrected
anomaly data, on the right panel in Fig. 13, features only
on quite small scales are dominant. This indicates that the
resolution of the combined wavelet model is a little
coarser than that of the anomaly data.

In addition, we observe some edge -effects,
especially in the northern and southern boundaries in the
case of the anomaly data. The same tendency is also
visible in the case of the potential data. This shows that

the inversion slightly lacks stability in these areas.

6. Conclusion

We have developed an iterative method to
combine various kinds of gravity data into a wavelet
model of the geopotential. This method was validated
with synthetic data and then applied to real data over
Japan: local high-resolution gravity anomaly data and a
GRACE-derived global model, EIGEN-GL04S. We

obtained a hybrid spherical harmonics/wavelet model of
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Fig. 12 Correctors to the local gravity anomaly model. Left panel: corrector estimated after a first series of iteration, Right panel: the final
corrector used
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Fig. 13 Geographic distribution of residuals in the final combination. Lef panel: potential residuals to degree 120. Right panel: residuals of

corrected gravity anomalies at 15 km resolution
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the geopotential over Japan at about 15 km resolution and
the residuals of the respective data underlined biases on
medium scales between the two data sets, whose
suspected origin is in errors of the anomaly data. We then
corrected the anomaly data by subtracting the evidenced
biases and repeated the method again to the corrected data
sets, resulting in an improved hybrid model. The method
is applicable to directly handle satellite observation data
instead of a global spherical harmonics model, which
should better constrain the geopotential model at medium

wavelengths. We intend to work on that in the future.
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