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Fig. 1: Processing scheme
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Gravity Field Solutions

 A total of 20+ years of KBR gravity fields

 Approx. 4 years of LRI (and combined) 
gravity fields

 Series shows a good quality among the 
analysis centers

Mathias Frye – On the investigation of GRACE-FO residuals

Fig. 2: KBR gravity field solutions, left: GRACE error degree standard 
deviation, right: GRACE-FO error degree standard deviation
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Post-Fit Residuals

 Estimation of post-fit residuals after the 
estimation of the SHC:

 Ƹ𝑒 = 𝐴 Δො𝑥 − Δመ𝑙

 𝐴 – Design Matrix,

 Δො𝑥 – estimated SHC

 Δመ𝑙 – (reduced) observation vector

 Ƹ𝑒 – post-fit residuals

Mathias Frye – On the investigation of GRACE-FO residuals

 Visualization as Time - Argument of 
Latitude (TAL) diagram

Fig. 3: TAL of LRI Post-Fit Residuals [1]
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Filtering Techniques

 Full spectrum Post-Fit residuals show 
(dominant) high frequent mass change 
signal

 Different filtering techniques can be used 
to analyze specific frequency bands

Mathias Frye – On the investigation of GRACE-FO residuals

Fig. 4: Power Spectral Density of LRI Range Rate observations
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Pre-Fit vs. Post-Fit

Mathias Frye – On the investigation of GRACE-FO residuals

 Most of the signal is getting absorbed by
SHC

SHC (+ ACC parameters)

 Some signal is still left in the (Post-Fit) 
Residuals

Fig. 5: TAL of pre-fit residuals bandpass filtered 10 to 35 mHz Fig. 6: TAL of post-fit residuals bandpass filtered 10 to 35 mHz
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What is left in the (Post-Fit) Residuals (high frequency)?

Mathias Frye – On the investigation of GRACE-FO residuals

 Shadow entry/exit

 Panel effects

 LRI „blindings“

Fig. 7: TAL of post-fit residuals high pass filtered 35 mHz



9

What is left in the (Post-Fit) Residuals (high frequency)?

Mathias Frye – On the investigation of GRACE-FO residuals

 (very) high frequent signal is still left –> 
SHC‘s dont absorb these signals

- =

 Less than LRI accuracy -> 
can be considered as noise

Fig. 8: TAL of high pass filtered post-fit residuals and TAL of high pass 
filtered pre-fit residuals, as well as their difference
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Residual Ocean Tide Signal
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Fig. 9: Time series of a grid cell with assigned post-fit residuals [2]
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Exemplary Periodogram





diurnal

semidiurnal

Fig. 10: Lomb-Scargle periodogram of a grid cell with assigned post-fit 
residuals [2]
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Fig. 11: Lomb-Scargle periodogram of a grid cell with assigned post-fit residuals, identification of significant peaks [2]
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
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signal frequency

sampling frequency

integer multiple

Fig. 12: Stacked 3-sigma plot of the residuals assigned to a grid cell [2]
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explicitly included in FES2014b

admittance (interpolated)

unmodeled:

not included in FES2014b and

cannot be interpolated

Residual Signal










Mathias Frye – On the investigation of GRACE-FO residuals



15Mathias Frye – On the investigation of GRACE-FO residuals

























16

•

•
‐

Mathias Frye – On the investigation of GRACE-FO residuals


