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Dedicated gravity field satellite missions are available since several years

 Why using SLR?

• Bad/unrealiable values of low-degree coefficients from GRACE: esp. C20

• Gravity field variations priori to the launch of CHAMP, GRACE etc.

• Gravity field variations for the months with missing GRACE (K-Band) 
observations

• Filling the gaps if no dedicated gravity field mission is in operation, e.g., 
between GRACE and GRACE-FO

Gravity Field Determination

CHAMP GRACE GOCE
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 SLR geodetic satellites (spherical satellites) orbit the Earth at 
higher altitudes than the satellite gravity missions (CHAMP, 
GRACE, GOCE etc.)

 Lower sensitivity

 SLR observations are typically used for deriving

• Low-degree gravity field coefficients (mainly degree 2)

• Zonal harmonics

 Higher-degree monthly gravity field models can also be well
derived from SLR observations using a combination of long
and short arcs

Gravity Field Determination and SLR



D. Thaller ׀ SLR and the Gravity Field ׀ SIRGAS-SLR, Mendoza, 29.11.2017 ׀ Page 4

GRACE vs. SLR
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SLR Satellites: Sensitivity to Gravity Field

Sensitivity shows

clear

dependency on

orbital height
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SLR Satellites: Sensitivity to Gravity Field
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Current ILRS 

standard setup

BUT: 

Satellites with

lower altitudes

are needed for

gravity field

determination



D. Thaller ׀ SLR and the Gravity Field ׀ SIRGAS-SLR, Mendoza, 29.11.2017 ׀ Page 7

With an increased number of used

satellites, the solution gains sensitivity

w.r.t. the Earth’s gravity field:

 4 satellites: up to d/o 3

 5 satellites: up to d/o 6 (higher d/o 

for tesseral coefficients)

 Max. constellation: up to d/o 12

But: 

 Not all coefficients can be 

determined reliably due to 

remaining correlations!

SLR Satellites: Sensitivity

to Gravity Field
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 The correlation between 𝑪𝟐,𝟎
and 𝑪𝟑,𝟎 can be reduced 

significantly by using additional 

satellites.

 In an 11-satellite constellation, 

both parameters are

decorrelated.

 The correlation between 𝑪𝟐,𝟎
and 𝑪𝟒,𝟎 cannot be eliminated.

 Reason: there is no satellite

orbit sensitive to only one of

these coefficients (geometrical

correlation of both coefficients).

SLR Satellites: Correlations between Gravity Field 

Coefficients
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SLR gravity solutions: Parameter set-up

Here: 

Set-up of the

solutions from

AIUB using the

Bernese GNSS 

Software

Similar solutions

available from

DGFI-TUM with

up to 11 satellites

using DOGS
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SLR gravity solutions (Bernese GNSS Software)
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Selection of satellites: Correlations between parameters

Correlation matrix of combined solution comprising orbit parameters (LA-1 only), GFC and EOP

Single-satellite solution 

(LA-1 only)

(a) orbital elements and 𝑝albe
(b) Stokes coefficients

(c) EOP and SRP scaling factor (𝑝rad)

(d), (e), (f) correlations between parameter groups
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Selection of satellites: Correlations between parameters

Correlation matrix of combined solution comprising orbit parameters (LA-1 only), GFC and EOP

 Reduced correlations of the 

parameter groups

4-satellite solution

(LAG-1/-2, ETA-1/-2) 

= standard ILRS configuration

(a) orbital elements and 𝑝albe
(b) Stokes coefficients

(c) EOP and SRP scaling factor (𝑝rad)

(d), (e), (f) correlations between parameter groups
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Selection of satellites: Correlations between parameters

 Different Parameter 

groups are decorrelated

Correlation matrix of combined solution comprising orbit parameters (LA-1 only), GFC and EOP

Up to 11 satellite 

solution

(a) orbital elements and 𝑝albe
(b) Stokes coefficients

(c) EOP and SRP scaling factor (𝑝rad)

(d), (e), (f) correlations between parameter groups
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SLR gravity solutions: Comparison with GRACE

Annual signal
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SLR gravity solutions: Comparison with GRACE

Secular changes
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SLR gravity solutions: Comparison with GRACE

Mass change in individual regions
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SLR + GRACE (GPS) + GRACE (K-Band)
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C20 causes an acceleration:

(in Radial R, along-track S, out-of-plane W )

Gravity Field and Orbit Determination

Correlation between a 
change in C20 and a 

once-per-Rev
acceleration in the out-

of-plane direction W

Impact on orbit
parameterization !
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C20 causes an acceleration:

(in Radial R, along-track S, out-of-plane W )

Gravity Field and Orbit Determination

Sine component of W 
is sensitive to different 

C20 values of the a 
priori gravity field
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Gravity Field and Earth Rotation: LOD

Simultaneous estimation of LOD and

Gravity Field is needed to:

• Reduce the offset of LOD estimates

• Reduce the a posteriori error of LOD 

estimates

• Reduce artificial signals with periods

corresponding to orbit modelling

issues (e.g., draconitic year) 
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Gravity Field and Earth Rotation: LOD

Systematic error in LOD deflects the

dUT polygon

A combination with different SLR 

satellites reduces the systematics.

 Decrease of the systematic LOD 

error:

 Factor 4 due to inclusion of 

LARES (in addition to LAG-1/-2)

 Factor 10 due to the 10-satellite 

combination

Zoom !

Zoom !
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Contact:
Federal Agency for Cartography and Geodesy

Section G1

Richard-Strauss-Allee 11

60598 Frankfurt, Germany

contact person:

Daniela Thaller

daniela.thaller@bkg.bund.de

www.bkg.bund.de

Tel. +49 (0) 69 6333-273

Thank you for your

kind attention!
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• Due to the high sensitivity of SLR observations to the fundamental geodetic 

parameters, correlations might falsify reliable estimates

 Correlations related to Stokes coefficients

b) correlations of orbit parameters and Stokes coefficients

c) correlations of LOD and 𝐶𝑙0; 𝑥𝑝/𝑦𝑝 with 𝐶21/𝑆21

e) correlation of TRF scale with 𝐶00; origin with 𝐶10/𝐶11/𝑆11; orientation 

with 𝐶21/𝑆21/𝐶22/𝑆22

Consistent dynamic satellite reference frames and 

terrestrial geodetic datum parameters

major focus in 

this presentation
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Summary

+ Improvement

– Degradation
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Solution setup as used by CSR/GSFC: Estimation of a reliable subset of coefficients

Estimation of reliable low degree spherical harmonics

𝐶00

𝐶11 𝐶10 𝑆11

𝐶22 𝐶21 𝐶20 𝑆21 𝑆22

𝐶33 𝐶32 𝐶31 𝐶30 𝑆31 𝑆32 𝑆33

𝐶44 𝐶43 𝐶42 𝐶41 𝐶40 𝑆41 𝑆42 𝑆43 𝑆44

𝐶55 𝐶54 𝐶53 𝐶52 𝐶51 𝐶50 𝑆51 𝑆52 𝑆53 𝑆54 𝑆55

𝐶66 𝐶65 𝐶64 𝐶63 𝐶62 𝐶61 𝐶60 𝑆61 𝑆62 𝑆63 𝑆64 𝑆65 𝑆66

estimated

fixed to 

a priori

extension of 

parameter space
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Scatter of the centered degree-1 Stokes coefficient 

solutions

CSR SLR RL05

AIUB SLR
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DGFI-TUM SLR
 CSR SLR RL05: 5-satellite solution (Cheng et 

al., 2013)

 AIUB SLR: 8-satellite solution (Sosnica et al., 

2015)

 DGFI-TUM SLR: 11-satellite solution, TRF and

EOP fixed (Bloßfeld et al., submitted)

 Swenson (2008): GRACE, geophysical model

for ocean bottom pressure (OBP)

 Rietbroek (2016): GRACE, OBP, GPS
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Draconitic year is visible: GNSS = 352d, LAG-2 = 222d

+ Harmonics for GNSS

GNSS-only

SLR-only

Geocenter: Single techniques
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How can we validate the SLR-only low degree spherical harmonics?

 Compare seasonal signals of individual coefficients

 Compare trend signals of individual coefficients

 Map-based comparison with GRACE since individual coefficients are 

correlated

 Investigation of mass change in Greenland and Antarctica by comparison 

with GRACE

 Compare annual/semi-annual signals of maps (not shown here)

 Compare degree variances of solutions (Bloßfeld et al., 2015)

 Compare EOF modes to capture the main signal content (not shown here)

 Investigate spatial coherence (not shown here)

Validation of low degree spherical harmonics (M. Talpe)
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• How can we validate the SLR-only low degree spherical harmonics?

 Compare seasonal signals of individual coefficients (M. Talpe)

Validation of low degree spherical harmonics



D. Thaller ׀ SLR and the Gravity Field ׀ SIRGAS-SLR, Mendoza, 29.11.2017 ׀ Page 30

• How can we validate the SLR-only low degree spherical harmonics?

 Compare trend signals of individual coefficients (M. Talpe)

Validation of low degree spherical harmonics
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• How can we validate the SLR-only low degree spherical harmonics?

 Map-based comparison with GRACE since individual coefficients are 

correlated (M. Talpe)

• All solutions are expanded in Equivalent Water Thickness maps and 

compared to their GRACE equivalent. The RMS of the difference of the two 

maps (weighted by latitude) is calculated. High RMS means large difference.

Validation of low degree spherical harmonics
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• How can we validate the SLR-only low degree spherical harmonics?

 Investigation of mass change in Greenland and Antarctica by comparison 

with GRACE

Validation of low degree spherical harmonics

Bloßfeld M., Müller H., Gerstl M., Stefka V., 

Bouman J., Göttl F., Horwath M.: Second-

degree Stokes coefficients from multi-

satellite SLR. Journal of Geodesy 89(9): 

857-871, 10.1007/s00190-015-0819-z, 

2015 

http://doi.org/10.1007/s00190-015-0819-z


D. Thaller ׀ SLR and the Gravity Field ׀ SIRGAS-SLR, Mendoza, 29.11.2017 ׀ Page 33

• How can we validate the SLR-only low degree spherical harmonics?

 Investigation of mass change in Greenland and Antarctica by comparison 

with GRACE (M. Talpe)

Validation of low degree spherical harmonics


