
VIII   Colóquio Brasileiro de Ciências Geodésicas                                                                 Curitiba, 01 a 04 de dezembro de 2013
p 000-000

CROSS-OVER ERROR ADJUSTMENT OF MARINE GRAVITY DATA
AND GEOID MODELING OVER JAPAN

EDUARDO DA SILVA LEMA DEL RIO

YOICHI FUKUDA

Kyoto University
Geodesy Laboratory

Kyoto - Japan
esldelrio@gmail.com; fukuda@kugi.kyoto-u.ac.jp

This work is concerned with geoid modeling over Japan. Geoid modeling is a challenging topic as the Earth is
very dynamic. To introduce it, the geoid is mapped by measuring the separation between 2 surfaces: the ellipsoid of
revolution that represents the Earth and the geoid itself which in a rough approximation can be taken as the mean sea
level. The geoid is very irregular compared to the ellipsoid and it varies over time due to several factors including tides
and ocean currents. And to include a source of error, the technique currently employed to compute the geoid (Stokes
Integral) does it on a spherical and not ellipsoidal Earth. Japan is one of the most challenging places for geoid modeling
due to its ocean currents which is larger than in other areas. This work is concerned with marine geoid modeling over
Japan. The input is an extensive set of shipborne gravity anomalies, gravity anomalies derived from satellite altimetry
and bathymetry.  Prior  to  the  computation of  the  model  the input  need to  be error  adjusted.  In  this  case only the
shipborne data is adjusted. The adjustment is based on the analysis of the cross-over errors which are the differences
between gravity anomalies of intersecting ship tracks at the point of intersection. Based on these error the data can be
adjusted by least squares on a bias-per-track model. Also important is data selection in order to remove outliers. A
comparison with a global geopotential model (GGM) can be helpful at this stage of search for outliers, e.g. EGM2008.
After  adjustment  comes  gridding.  A inverse  of  the squared distance  was used  to  compute  a  1min grid of  gravity
anomalies. Once the data is adjusted and gridded the model can be computed by the remove-compute-restore technique
(RCR). RCR is necessary for 2 main reasons: to diminish the error from the truncation of Stokes Integral by removing
the long wavelengths based on a GGM and to diminish the error from the discretization of the input by removing the
short wavelengths based on bathymetry and/or a digital terrain model (DTM). After the removal of long and short
wavelengths Stokes Integral is computed or in some cases a modified Stokes Integral. In this work it is followed the
position recommended by some authors which is to use RCR with an unmodified Stokes Integral but using a larger
spherical cap. Once the Integral is computed for each point of the grid the long and short wavelengths need to be
restored to the model. The standard deviations (sd) of the cross-over errors was 17.041mgal before adjustment and
16.925mgal after adjustment. The sd of deviations from EGM2008 was 21.61mgal and these were helpful to identify an
anomalous cruise which was removed at the pre-processing stage. Currently, the Fortran 90 codes are being written to
compute a marine geoid model for Japan (20o -50o N 120o -150o E). A geoid model was already computed over (34o -37o

N 144o -147o E)  using  RCR with  an  unmodified  Stokes  Integral  on  a  6o spherical  cap.  GOCE DIR4 GGM and
bathymetry from the British Oceanographic Data Center were used for RCR. Estimates indicate an uncertainty of about
14.5cm for geoidal undulations over this area so that the geoid model is expected to have a superior overall performance
due to the existence of the Kuroshio current over this area.
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