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Dominant noise sources in the GRACE solution

K-band range-rate measurement noise 

Kinematic orbit noise

Accelerometer measurement noise

Ocean tide model errors

Imperfection in AOD product

Common methods for noise reduction in gravity recovery

KBR method:  range-rate kinematic empirical parameters 

ACC method:  high-frequency (constrained) dynamic empirical accelerations 

COV method:  fully-populated covariance matrix 

FILT method:  time-series model-based filtering 

Empirical
parameterization

Stochastic 
modelling 

Measurement noise

Dynamic force errors



Theoretical connections among four methods
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δ ሶ𝜌 = 𝐴 + 𝐵𝑡 + 𝐸 + 𝐹𝑡 cos 𝑛 𝑡 + (𝐺 + 𝐻𝑡) sin 𝑛 𝑡

KBR method

Linear perturbation Spectral analysis

𝐯𝑖 = 𝜙1𝐯𝑖−1 + 𝜙2𝐯𝑖−2 +⋯+ 𝜙𝑝𝐯𝑖−𝑝 + 𝝐𝑖
𝐅𝐲 = 𝐅𝐀𝐱 + 𝐅𝐞

FILT method

𝐲 = 𝐀𝐱 + 𝐁𝐩 + 𝐞
𝟎 = 𝐩 + 𝐞𝑝

𝐸 𝐞𝑝 = 𝟎 𝐷 𝐞𝑝 = 𝜎𝑝
2𝐈

ACC method

𝐲 = 𝐀𝐱 + 𝐞∗

𝐸 𝐞∗ = 𝟎
𝐷 𝐞∗ = 𝜎𝑠

2𝐁𝐐𝑠𝐁
𝑇 + 𝜎𝑒

2𝐐𝑒

COV method

𝐲 = 𝐀𝐱 + 𝐁𝐬 + 𝐞

𝐸 𝐞 = 𝟎 𝐷 𝐞 = 𝜎𝑒
2𝐐𝑒

𝐸 𝐬 = 𝟎 𝐷 𝐬 = 𝜎𝑠
2𝐐𝑠

Least-squares collocation

#𝐩 ≪ #𝐬

𝛿 ሶ𝜌 = 𝛿 ሶ𝑆2 − 𝛿 ሶ𝑆1 cos Τ𝜃 2 + 𝛿 ሶ𝑅2 + 𝛿 ሶ𝑅1 sin Τ𝜃 2

෠𝑃(𝑓) = ∆𝑡 σ𝜏=−(𝑁−1)
𝑁−1 Ƹ𝑐𝜏exp(−𝑗2𝜋𝑓𝜏∆𝑡)

෠𝑃(𝑓) =
𝜎𝜖
2∆𝑡

1−σ𝑘=1
𝑝

𝜙𝑘exp(−𝑗2𝜋𝑓𝑘∆𝑡)

𝐩 = 𝑎𝑅𝐢𝑅+ 𝑎𝑆𝐢𝑆+ 𝑎𝑁𝐢𝑁

𝐞∗ = 𝐁𝐬 + 𝐞

periodogram

AR psd estimate

perturbed acc.

LOS projection



Numerical Simulations
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Background force models

Noise models

Model True Reference Case-1 Reference Case-2

Static field GOCO05s GOCO05s EIGEN-6C4

Ocean tide EOT11a EOT11a GOT4.7

Non-tidal signal ESM AOHIS ESM AOHIS ESM DEAL & AOerr

Observation Case-1 Case-2

Orbit positions 2 cm white noise 2 cm white noise

KBR range-rates 0.2 μm/s white noise 1.8 × 2𝜋𝑓 μm/s/ Hz

Accelerometer
along & radial: 1×10-10 m/s2 white noise

cross: 1×10-9 m/s2 white noise

along & radial: (1 + 0.005/𝑓)1/2 × 10−10 m/s2/ Hz

cross: (1 + 0.1/𝑓)1/2 × 10−9 m/s2/ Hz
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Simulation Case 1: white sensor noise only

Consistent performances among the four methods
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Simulation Case 2: colored sensor noise & temporal aliasing

ACC, COV and FILT solutions have less noise
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Simulation Case 2: colored sensor noise & temporal aliasing

Low-frequency patterns are mitigated
Colored noise behavior beyond 10-3 Hz is not 

properly handled in ACC and KBR-SOL 



Conclusions

The ACC and COV can be regarded as special cases of LSC

KBR and ACC are linked by linear perturbation theory, FILT and COV represent parametric  
and non-parametric spectral estimation techniques

Four methods are of consistent performances when only white sensor noise is considered

ACC, COV and FILT perform better when both colored sensor noise and temporal aliasing 
are considered

Empirical parameterization (ACC and KBR) works as high-pass filter

Stochastic modelling (COV and FILT) can deal with colored noise for the whole frequency 
band
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Thank you for your attention !


