
Introduction
ESA's first Earth Explorer Core Mission GOCE is equipped
with a 12-channel, dual-frequency GPS receiver for precise
orbit determination, instrument time-tagging, and the
determination of the long wavelength part of the Earth's
gravity field. The very low orbital altitude and the almost
continuous series of 1-sec GPS data are unique and
perfectly well suited to exploit the contribution from GPS
high-low satellite-to-satellite tracking (hl-SST) to gravity
field recovery (Jäggi et al., 2011).
The poster presents the results obtained in the frame of
ESA’s GOCE Data AO "Global Gravity Field Recovery from
GOCE Orbit Positions". Based on the 1-sec kinematic
positions of the GOCE precise science orbit (PSO) product
(see poster by Bock et al., 2011), gravity field determination
is performed up to degree and order 120 without using
acceleromter data. The resulting GPS-only solution is
compared and combined with a recovery obtained from
eight years of CHAMP GPS data (Prange, 2010).
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Figure 4: Square-roots of degree difference variances of the GOCE SST-only
solution and the CHAMP SST-only solution (* zonal and near-zonal terms are
excluded according to van Gelderen and Koop (1997)).
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Figure 3: Geoid height differences up to degree 100 of the GOCE SST-only solution
with respect to ITG-GRACE2010. The resulting RMS is when excluding the
polar gap regions (April 20, 2009 – December 31, 2010).
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Figure 1: Square-roots of degree difference variances of gravity field recoveries
from GOCE kinematic positions using different sampling intervals (April 20, 2009
November 5, 2009)
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Figure 5: Geoid height differences up to degree 100 of the GOCE & CHAMP SST-
only solution with respect to ITG-GRACE2010. The resulting RMS is when
excluding the polar gap regions (10.2 cm with the polar regions).
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Benefit of Combination with CHAMP

Figure 6: Square-roots of degree difference variances of the combined GOCE &
CHAMP SST-only solution (zonal and near-zonal terms are included).

Table 1: RMS of differences (cm) between different levelling data sets and geoid
heights from gravity field models up to degree 60 (1-sigma outlier criterion). The
validation shows that the SST-only solutions are close to the GRACE models.

Figure 7: RMS of weekly orbital fits to the two LAGEOS satellites using SLR data
and different gravity field models up to degree 50. The mean overall RMS values are
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Figure 2: Square-roots of degree difference variances of gravity field recoveries
from GOCE kinematic positions, computed either with or without antenna PCVs
corrected (April 20, 2009 December 31, 2009).–

Figure 8: RMS of orbit differences between the kinematic and the reduced-dynamic
GOCE PSO products per 1°x1° geographical bins. Larger differences close to the
geomagnetic poles propagate into the gravity field solution (see Fig. 3).

GOCE SST-only solutions are of high quality thanks to

Comparison with CHAMP

the availability of a dense sampling of the kinematic
positions (5-sec sampling should be used at least)
the empirical correction of antenna phase center
variations for generating the GOCE PSO product
the very low orbital altitude (beneficial for high degrees,
not so much for low degrees)
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-

-

Weaknesses of GOCE SST-only solutions are

the zonal and near-zonal coefficients due to the polar
gap (sun-synchronous orbit)
the degradation over the geomagnetic poles (see also
poster by van den IJssel et al., 2011)
the low degree terms due to the limitation of hl-SST-only
solutions by unmodelled systematic errors

-

-

-

Combined GOCE & CHAMP SST-only solution is

-

-

-

significantly improved above degree 40 with respect to
the CHAMP-only solution due to the much lower orbital
altitude of GOCE
neither degraded over polar regions, nor in the zonal-
and near-zonal coefficients
of the expected quality only if the GOCE contribution is
down-weighted by about a factor of 5 (1-sec kinematic
positions are not fully independent due to the use of
linearly interpolated 5-sec GPS clock corrections for
generating the GOCE PSO product
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