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Earth‘s mean time-variable gravity field models tested: 

CNES_GRGS.RL05MF_combined_GRACE_SLR_DORIS (RL05, Lemoine, private communication, 2023) and

EIGEN-GRGS.RL04.MEAN-FIELD (RL04, Lemoine, J.M. et al, 2019). Degree 1 terms are set to 0 in both models.

Precise orbit determination (POD) using Satellite Laser Ranging (SLR) observations. 

Satellites and time spans used: TOPEX/Poseidon (27.09.1992 – 09.10.2005), Jason-1 (13.01.2002 – 30.06.2013), 

Jason-2 (20.07.2008 – 02.10.2019), and Jason-3 (17.02.2016 – 24.10.2021)

Background models for POD: as for the DGFI-TUM DSO1 orbits (Rudenko et al., 2023a, 2023b).

Reference frame realization for the orbits: SLRF2014. 

Impact on the following parameters has been investigated: 

- RMS fits of SLR observations, 

- scaling factors of solar radiation pressure, Earth‘s albedo, atmospheric drag, 

- empirical accelerations in the transverse and normal directions, 

- SLR range biases (estimated once per a 3.5-day orbital arcs), 

- orbit differences in the radial, transverse and normal directions. 

Outline
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RMS fits of SLR observations: TOPEX/Poseidon and Jason-1

About 0.2% enhancement for TOPEX/Poseidon and 

about a 0.2% degradation for Jason-1 

with the RL05 model, as compared to the RL04 model. 
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RMS fits of SLR observations: Jason-2 and Jason-3

About a 0.2% enhancement for Jason-2 and 

about a 2% enhancement for Jason-3 

with the RL05 model, as compared to the RL04 model. 
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Differences of RMS fits of SLR observations: TOPEX/Poseidon and Jason-1

An enhancement for TOPEX/Poseidon in 1992-1998 and Jason-1 in 2011-2012.

Larger scatter of the differences in years 2002 and 2003 for both satellites. 

Red: degradation of the new (RL05) model.

Blue: enhancement of the new (RL05) model.



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 6

Differences of RMS fits of SLR observations: Jason-2 and Jason-3

An enhancement for Jason-2 in years 2011-2016.5 and from 2018.3 to 2019.8 (end of the mission), 

a degradation from about 2016.5 to about 2018.3. 

Clear enhancement for Jason-3, except the period from about 2016.5 to about 2018.3. 

Red: degradation of the new (RL05) model.

Blue: enhancement of the new (RL05) model.
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Empirical acceleration: amplitude of the normal sine term 

(TOPEX/Poseidon and Jason-1)

Reduction of the mean of the amplitude of the normal sine term using the RL05 model, 

compared to the RL04 model. 
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Yarragadee SLR station range biases: TOPEX/Poseidon

A reduction of the estimated range bias in 2002 and 2003. 
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Yarragadee SLR station range biases: Jason-1

An increased scatter of the differences of the estimated range biases in 2002 and 2003. 
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Yarragadee SLR station range biases: Jason-2

A reduction of the estimated range bias after about 2015.5, when using the RL05 model. 
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Yarragadee SLR station range biases: Jason-3

A clear about 3 mm reduction of the mean absolute value of the SLR range bias. 
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Average values of the parameters for TOPEX/Poseidon

Better result compared to a reference value (smaller RMS fits, closer to 1 for scale factors, 

and 0 for empirical acceleration, mean SLR fits and standard deviations (std)). 



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 13

Average values of the parameters for Jason-1

Better result compared to a reference value (smaller RMS fits, closer to 1 for scale factors, 

and 0 for empirical acceleration, mean SLR fits and standard deviations (std)).
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Average values of the parameters for Jason-2

Better result compared to a reference value (smaller RMS fits, closer to 1 for scale factors, 

and 0 for empirical acceleration, mean SLR fits and standard deviations (std)).
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Average values of the parameters for Jason-3

Better result compared to a reference value (smaller RMS fits, closer to 1 for scale factors, 

and 0 for empirical acceleration, mean SLR fits and standard deviations (std)).
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Standard deviations of orbit differences (radial direction): TOPEX/Poseidon

The mean is 0.4 cm, the standard deviation is 0.3 cm, 

when comparing the RL05- and RL04-based orbits. A jump at year 2004.0 is clearly seen. 
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Standard deviations of orbit differences (radial direction): Jason-1

The mean is 0.2 cm, the standard deviation is 0.2 cm, 

when comparing the RL05- and RL04-based orbits. A jump at year 2004.0 is clearly seen. 
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Standard deviations of orbit differences (radial direction): Jason-2

The mean is 0.3 cm, the standard deviation is 0.3 cm, 

when comparing the RL05- and RL04-based orbits. A jump at year 2016.5 is clearly seen. 
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Standard deviations of orbit differences (radial direction): Jason-3

The mean is 0.7 cm, the standard deviation is 0.3 cm, 

when comparing the RL05- and RL04-based orbits. A jump at year 2016.5 is clearly seen, 

as well as a trend for the period from 2016.5. 



Deutsches Geodätisches Forschungsinstitut (DGFI-TUM) | Technische Universität München 20

The new Earth’s mean time-variable gravity field model CNES_GRGS.RL05MF_combined_GRACE_SLR_DORIS shows

improved performance (smaller values of RMS fits of SLR observations) at the time spans (years) 1992 – 1998, 2011 – 2016.5, 

and 2018.3 – 2021.9, as compared to the EIGEN-GRGS.RL04.MEAN-FIELD gravity field model. 

Larger scatter of orbit differences is observed in years 2002 and 2003, when comparing RL05-based and RL04-based orbits.

The RL05 model shows increased RMS fits of SLR observations (a degradation) at the period from about 2016.5 to about 

2018.3, that is correlated with a gap between GRACE and GRACE-FO data. Probably, modelling of time-variable part of the new 

(RL05) model for this time interval should be verified and improved, if possible. 

The use of the new (RL05) gravity field model causes 0.2 - 0.7 cm mean and 0.2 - 0.3 cm scatter of the standard deviation of 

the differences in satellite positions, as compared to using the RL04 gravity field model. More significant differences are 

observed after 2016.5.

Some small changes have been observed in the Earth albedo scale factor and transverse empirical acceleration. 

SLR station range biases seem to be sensitive to the gravity field model replacement. They were reduced, for example, for 

Yarragadee. 

No significant differences were found in the following parameters, when using the new model instead of old one: solar radiation 

pressure scale factor, atmospheric drag scale factor. 

Conclusions
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