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Gravity Missions

• Launch: 17. March 2009
• Inclination: 96.5°

• Initial Altitude: 288 km; today: ~ 260 km

GOCE Mission

GRACE Mission
• Launch: 17. March 2002
• Inclination: 89°

• Initial Altitude: 485 km; today: ~ 460 km
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CHAMP/GRACE
• BlackJack receiver
• Chokering antenna
• 10s data sampling
• Noise level ~1mm

GOCE
• Lagrange receiver
• Helix antenna
• 1s data sampling

• Noise level ~1.5mm

GPS @ Gravity Missions



COSPAR
Scientific
Assembly

Adrian Jäggi

4

22. July, 2010

Kinematic Orbit Positions
Pseudo-Observations with 

Covariance Information

 

Kinematic Orbit Positions
Pseudo-Observations with 

Covariance Information

Accelerometer Data
(not used)

Accelerometer Data
(not used)

Set-Up of an Orbit Determination Problem by Least-Squares
-

 

computation of the observation equations for each daily arc by numerical integration
(estimated parameters: SH coefficients, arc-specific parameters, e.g., initial conditions and pulses)

-

 

construction of the normal equations for each daily arc

Set-Up of an Orbit Determination Problem by Least-Squares
- computation of the observation equations for each daily arc by numerical integration

(estimated parameters: SH coefficients, arc-specific parameters, e.g., initial conditions and pulses)
-

 

construction of the normal equations for each daily arc

Manipulation of Normal Equation Systems
-

 

manipulation and subsequent pre-elimination of arc-specific parameters
(e.g., constraining or downsampling

 

of pulses)
-

 

accumulation of daily normal equations into weekly, monthly, and annual systems
-

 

regularization of SH coefficients
(not used)

-

 

inversion of the resulting normal equation systems

Manipulation of Normal Equation Systems
- manipulation and subsequent pre-elimination of arc-specific parameters

(e.g., constraining or downsampling

 

of pulses)
-

 

accumulation of daily normal equations into weekly, monthly, and annual systems
- regularization of SH coefficients

(not used)
- inversion of the resulting normal equation systems

Gravity field recovery
GPS-only solutions
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Comparison of different missions

Reference field:
ITG-GRACE03S

Differences:
EIGEN-05S

GPS-only solutions

1-year GRACE

Slopes reflect the different altitudes of the satellites

0.7-years GOCE
8-years CHAMP
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Impact of position sampling
GOCE GPS-only solutions

Reference field:
ITG-GRACE03S

Differences:
30-sec positions

5s position sampling is almost sufficient for GOCE

5-sec positions
1-sec positions
1-sec pos. + cov.
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Selection of maximum degree
GOCE GPS-only solutions

Reference field:
ITG-GRACE03S

Differences:
nmax = 110

Difference degree amplitudes are not a good quality indicator …

nmax = 120
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Impact of polar gap
GOCE GPS-only solutions

Max. Deg.:
nmax = 90

… due to the degradation of the zonal and near-zonal terms

nmax = 110
nmax = 120
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Selection of maximum degree
GOCE GPS-only solutions

Reference field:
ITG-GRACE03S

Differences:
nmax = 110

Impressive performance with only 0.7-years of GOCE GPS data

nmax = 120
* Zonal & near-zonal terms 

excluded according to van
Gelderen and Koop (1997)

*
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Combination of GOCE & GRACE
GPS-only solutions

Reference field:
ITG-GRACE03S

Differences:
GRACE-only

Combined solution is no longer affected by the polar gap

GOCE & GRACE
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GRACE systematic errors 
(mm)

POD antenna of GRACE B
Flight direction

Empirical antenna PCVs
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GRACE systematic errors
Empirical antenna PCVs

(mm)

POD antenna of GRACE A
Flight direction

Cross-talk from active 
GPS occultation antenna
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GRACE systematic errors

Reference field:
ITG-GRACE03S

Differences:
GRCB (w/o PCV)

PCVs are very important for GPS-only solutions

Impact of PCVs on gravity field recovery

GRCB (with PCV)
GRCA (w/o PCV)
GRCA (with PCV)
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GOCE systematic errors
Empirical antenna PCVs

(mm)

Flight direction
Main POD antenna of GOCE
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GOCE systematic errors

Reference field:
ITG-GRACE03S

Differences:
GOCE (w/o PCV)

PCVs are even more important for GOCE than for GRACE

Impact of PCVs on gravity field recovery

GOCE (with PCV)

* Zonal & near-zonal terms 
excluded according to van
Gelderen and Koop (1997)

*
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Flight direction

GOCE systematic errors 
(mm)

Differences between kin. / reduced-dynamic PCVs

Small systematic differences. They are not very relevant for POD …
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GOCE systematic errors

Reference field:
ITG-GRACE03S

Differences:
GOCE (r.d. PCV)

… neither they are relevant for gravity field recovery

Differences between use of kin. / red.-dyn. PCVs

GOCE (kin PCV)

* Zonal & near-zonal terms 
excluded according to van
Gelderen and Koop (1997)

*
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Correlations over epochs are due to the GPS phase ambiguities

Covariances of kinematic positions
Correlations of GRACE kinematic positions over epochs
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Covariances of kinematic positions

Observations:
GPS phase

Correlations over epochs are very important for orbit reconstruction

Impact of covariances on GRACE orbit reconstruction

Observations:
KIN (w/o corr.)
KIN (with corr.)
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Covariances of kinematic positions

Correlations have to be taken into account up to a revolution period

Impact of covariances on GRACE orbit reconstruction
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Covariances of kinematic positions

Reference field:
ITG-GRACE03S

Differences:
GRCB (w/o corr.)

Correlations over epochs are less important for gravity field recovery

Impact of covariances on GRACE gravity field recovery

GRCB (with corr.)



COSPAR
Scientific
Assembly

Adrian Jäggi

22

22. July, 2010

Conclusions 
• GOCE gravity field solutions from 0.7-years of GPS data are 

sensitive at least up to degree 120
• 5s sampling of kinematic positions is almost sufficient for 

GOCE gravity field recovery (only slight improvements when 
using 1s positions)

• Polar gap degrades zonal and near-zonal SH coefficients
• Unmodeled PCVs significantly contribute to the error-budget of 

GPS-only gravity field recovery. PCVs are very important for 
GOCE

• Covariances over epochs of kinematic positions are very 
important for orbit reconstruction, but less important for gravity 
field recovery 

Thank you for your attention
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