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Motivation

• Global static gravity field models comes with associated uncertainty estimates.

• The errors provided are vital for various geodetic applications such as error quantification of orthometric heights.

• An essential step in gravity field modeling is the appropriate weighting of various satellite and terrestrial data. 

• For this, we need a reliable error of static gravity model to use them as an a priori data.
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Objectives

• To present a novel framework to validate the errors provided 

by the static gravity model.

• This analysis uses the Line-Of-Sight Gravity Difference (LGD) 

(Ghobadi-Far et al, 2018) calculated using the GRACE-FO 

Laser Ranging Interferometer (LRI) observations.

• LRI provides more accurate measurements over a wider 

range of frequencies than KBR.

• However, the inverted gravity field solutions from KBR and 

LRI show similar quality and spatial resolution.

• The along orbit analysis using the LGD approach has proven 

to be a vital way to bypass the temporal aliasing effects.

Ghobadi-Far et al, 2020
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Post-fit residuals from LRI w.r.t. a static gravity model

• We get the pre-fit LGD LRI residuals (LGDpre-fit) by subtracting the static 

gravity signal (LGDsignal) from LRI observations.

• This leaves us with un-/mis-modeled static gravity signal not 

properly represented by the static gravity model, as well as time-variable 

gravity and sensor noise.

• In this analysis, we have used the monthly L2 solutions developed at the 

University of Colorado Boulder (CUB) from LRI, for removing the time-

variable gravity (TVG) signals from the pre-fit residuals.

• This results in the post-fit LGD LRI residuals (LGDpost-fit) to be used for 

validating the errors in different static gravity models.
Error in KBR L2 solutions causes a 
bump above 10 mHz in the post-fit 
residuals.

Spectrum of LGD 
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Propagation of static gravity field errors to LGD

• Each static gravity model is provided with associated errors, which are used to assemble a noise covariance matrix (Cxx).

• Propagating the noise covariance gives us the covariance matrix (C) of LGD.

• The following static gravity models are used in this analysis:

• GGM05C (Ries, J. et al, 2016)

• GGM05S (Tapley, B.D. et al, 2013)

• GOCO06s (Kvas, A. et al, 2021)

• GOCE-TIM-R05 (Brockmann, J.M. et al, 2014)

• GOCE-TIM-R06 (Brockmann, J.M. et al, 2021)

• ITG-Grace2010s (Mayer-Gürr, T. et al, 2010)

NOTE: This analysis have been carried 
out only using the variances provided 
along with the static gravity models and 
not the full covariance matrix (except 
for GOCO06s).
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Observation vs model errors
• Comparison is carried out in the spectral domain.

LGD post-fit residuals

Power Spectral Density

LGD Covariance matrix 
from a static gravity 

model

Discrete 
Cosine Transformation

Power Spectral Density

Compare

• Since the residual time-variable gravity signals dominate the post-

fit residuals below 8 mHz, this analysis is valid only beyond that 

specific frequency.

NOTE: In our analysis, we have chosen the post-fit LRI residuals 
computed with respect to GOCO2025s static gravity model as 
the noise floor (i.e., if the magnitude of the error provided by 
the model is below this noise floor, we cannot validate the 
specific static gravity model).

Spectrum of LGD 
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Validation of Error in Static Gravity 
Model: GGM05C

• Both residual and model ASDs have a falling pattern beyond ~17 

mHz (~96 CPR).

• The model does a good job in providing the errors for the frequency 

band beyond ~20 mHz (~111 CPR).
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Validation of Error in Static Gravity Model: 
GGM05S

• This is a GRACE-only model.

• The errors provided by the model matches the post-fit residuals for the 

frequency band of 25 to 30 mHz (~140 to ~168 CPR).

• We can see that the error provided by this model doesn't agree with 

the post-fit residuals from 8 to 25 mHz (~44 CPR to ~140 CPR).
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Validation of Error in Static Gravity Model: 

GOCE-TIM-R5 GOCE-TIM-R6
• These are pure GOCE-only models.

• Both errors provided by the RL05 and 

RL06 fit the post-fit residuals above 17 

mHz (~96 CPR).

• But RL05  is slightly better than RL06 at 

these frequencies.

• This might be due to the change in the 

stochastic modeling approach used by 

the RL06 compared to RL05.
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Validation of Error in Static Gravity 
Model: ITG-Grace2010s

• This is a pure GRACE-only model.

• Beyond 10 mHz (~55 CPR), the error provided by this model perfectly 

agrees with the post-fit residuals.

• This tells us that beyond 10 mHz, the model errors are very reliable.

NOTE: Since the residual time-variable gravity signals dominate the post-
fit residuals below 8 mHz, this analysis is valid only beyond that specific 
frequency.
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Validation of Error in Static Gravity Model: 
GOCO06s

• For this model, the error provided is lesser than the noise floor.

• The post-fit LRI residuals is not accurate enough to allow for evaluating 

the error of GOCO06s.
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• Residual time-variable gravity signals dominate the post-fit 

residuals at lower frequencies (below 8 mHz).

• Hence, we cannot use this analysis for validating the errors 

of the static gravity model below 8 mHz.

• If the model errors are below the noise floor, then this 

analysis cannot be used.

Limitations

Post-fit residuals computed with respect to 
GOCO2025s model and CUB L2 LRI solution.

Dominance of residual 
TVG signals after 
removing L2 solutions

Spectrum of LGD 
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Conclusions

• We present a novel approach for validating the error of static gravity models.

• Our novel approach based on along orbit analysis of LRI bypasses the temporal aliasing error and allows for fully 

exploiting the utra-precise LRI measurements.

• We evaluated the reliability of the error information provided by various static gravity models.

Way forward
• Conduct the same analysis using the full covariance matrices of the different static gravity models.

• Perform a spatial assessment to examine how the errors are distributed across the spatial domain.
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