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Orbit
solution Software GPS

Observ.
GPS

products Sampling Data
batches Latency

RSO

reduced- 
dynamic GEODYN triple-diff IGS

rapid 10 sec 30 h 1 day

kinematic GHOST zero-diff CODE
rapid 1 sec 24 h 1 day

PSO

reduced- 
dynamic BERNESE zero-diff CODE

final 10 sec 30 h 7-10
days

kinematic BERNESE zero-diff CODE
final 1 sec 30 h 7-10

days

GOCE orbit generationGOCE orbit generation

Accuracy requirement: 
50 cm 

Accuracy requirement: 
50 cm

Accuracy requirement: 
2 cm

Accuracy requirement: 
2 cm
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Consistency between RSO 
and PSO is below 10 cm

RSO: orbit differencesRSO: orbit differences
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PSO: orbit differencesPSO: orbit differences

Differences red.-dyn. / kin. orbits Mean: 2.1 mm, RMS: 1.84 cm

The figure shows the consistency between both orbits and mainly reflects the
quality of the kinematic orbits. It is not a direct measure for orbit accuracy!

GOCE anomaly
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PSO: validation with SLRPSO: validation with SLR

Reduced-dynamic orbit Mean: 0.90 cm, RMS: 2.84 cm
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PSO: validation with SLRPSO: validation with SLR

Reduced-dynamic orbit, PCVs used Mean: 0.81 cm, RMS: 2.16 cm
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PSO: validation with SLRPSO: validation with SLR

Kinematic orbit, PCVs used Mean: 0.82 cm, RMS: 2.33 cm
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PSO: validation with SLRPSO: validation with SLR

w/o PCVs with PCVs

Systematic cross-track orbit errors are directly observed by SLR  – a novelty!

SLR residuals, seen from GOCE

flight direction

nadir angle
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GOCE GPS-only gravity fieldGOCE GPS-only gravity field

Kinematic positions
every second served  
as observations. 
Accelerometer data 
were not used.

* Zonals and near-zonals excluded* Zonals and near-zonals excluded

Performance with 
only 1.2 years of 
GOCE GPS data
is impressive!
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GOCE GPS-only gravity fieldGOCE GPS-only gravity field

Differences to ITG-GRACE2010 (d/o 100) RMS: 16.7 cm

Geoid height (m)

Pronounced errors over polar regions.
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GOCE orbit differencesGOCE orbit differences

Differences red.-dyn. / kin. orbits MeanRMS

Pronounced orbital errors occur over polar regions.
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GOCE & CHAMP combinationGOCE & CHAMP combination

But:
Down-weighting of  
the GOCE NEQs is
required due to the 
marginal contribution  
from 5-sec to 1-sec

No degradation due 
to the polar gap in the 
combined solution 

Zonals and near-zonals not excluded



Session G33B, AGU, San Francisco, 13-17 Dec, 2010

GOCE & CHAMP combinationGOCE & CHAMP combination

Differences to ITG-GRACE2010 (d/o 100) RMS: 11.5 cm

Geoid height (m)

Problematic polar regions do not disturb the combination.
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LAGEOS orbit validationLAGEOS orbit validation

RMS of weekly orbit fits RMS: 7.31 mm, 7.53 mm, 7.30 mm

The figure shows that the presented GPS-only solution is fully competitive
with state-of-the-art GRACE models in the LAGEOS orbit validation.



Session G33B, AGU, San Francisco, 13-17 Dec, 2010

Combination with gradiometryCombination with gradiometry

GPS dominates the 
solution up to about 
degree 30 only, but 
contributes to about 
degrees 60-80

Two month of GPS 
and gradiometer data 
used (3-sec sampling)
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SummarySummary

Accuracy requirements of GOCE science orbits are met:
Low latency orbits (RSO):       < 10 cm
Post-processed orbits (PSO): ~   2 cm

The use of empirical PCVs is essential for orbit determination

Larger orbit errors are occuring over polar regions
--> not yet fully understood, further investigations needed

Gravity field solutions based on kinematic positions 
- are sensitive at least up to about degree 120
- dominate combined solutions up to about d/o 30
- contribute to combined solutions up to about d/o 60-80
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