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 Introduction
The GRACE and GRACE-FO missions have provided over 20-year of time-variable gravity field data which has been utilized to various fields. However, these
research topics are mainly related to the surface or shallow parts of the earth. There is no doubt that mass redistribution also occurs in the deeper interior of the
earth (e.g., mantle). The mass transportation in the mantle could affect the time-variable gravity field at decades-long time scale. On the other hand, gravity field
coming from mantle convection can give insights into the mantle viscosity which is a critical parameter for geodynamic process of the earth’s interior.
Therefore, a problem arises concerning the detectability of the gravity field stemmed from the mantle convection. To this end, we carry out synthetic simulation
together with geodynamic modeling. The synthetic simulation is designed as closed-loop simulation which provides synthetic observables with a specific satellite
constellation. We derived some preliminary results on the detectability of mantle signals using closed-loop simulation setup together with simple white noise
and more realistic colored noise models assigned to the instruments.

 Closed-loop simulation framework  Instrumental noise

 Conclusions
• Preliminary results show that mantle-related gravity signals are detectable up to spherical harmonic (SH) degree 40

for an ideal scenario where the reference models perfectly matche the true world and only instrumental noise is
considered.

• We can really “ see” the deep gravity signal from satellite data when the background models are further improved.
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 Results

Satellite constellations

orbits

True 
observation

Instrumental noise

Inversion of 
normal equation

True World

Static field

Time variable 
field 

Ocean tide 

Target signal 
from the 
mantle

Analysis of SH 
solutions

Design matrix A

Fig.2 Illustration of noise time series, a) white noise , b) colored noise
(WN model1 μ = 0 , σ = 10-9 m/s² and WN model2 μ = 0 ,σ = 0.5*10-9 m/s² )

Fig.3 Illustration of the spectral density of colored noise time series in frequency domain Fig.1 Synthetic geoid change generated by a geodynamic model

Fig.4 Comparison between closed-loop simulation results (only instrumental 
noise) and GRACE/GRACE-FO formal error 

Fig.5 Comparison between closed-loop simulation results (only instrumental 
noise ) and the target signal
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Fig.6 Comparison between closed-loop simulation results (white noise + high frequency 
error from the background models) and the target signal 

Fig.7 Comparison between closed-loop simulation results (colored noise + high 
frequency error from the background models) and the target signal 

Fig.8 Comparison between closed-loop simulation results (colored noise + high frequency error + 
low frequency error from the background models) and the target signal 

Fig.9 Full noise (instrumental noise + background model error from Fig.8) in space domain


