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GRACE-FO gravity-field results incorporating 

the ZARM accelerometer transplant based on 

high-precision environment modeling
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Motivation
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Accelerometer data recovery through high-precision environment 
modeling

Drag model limiting factor

Physically motivated transplant

Time correction between satellite

1 and 2 for one day
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Transplant
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Estimation of density at positions of GRACE-C 
and time-correction to GRACE-D positions

Ԧ𝑎𝑑𝑟𝑎𝑔 = 𝐴𝐶T − Ԧ𝑎𝑚𝑜𝑑, 𝑟𝑎𝑑

Atmospheric density 𝜌 follows from:

Ԧ𝑎𝑑𝑟𝑎𝑔 = 
1

2
𝜌 𝐶𝐷 𝐴𝑝𝑟𝑜𝑗 Ԧ𝑣𝑖𝑛𝑐 Ԧ𝑣𝑖𝑛𝑐

ACT data need to be calibrated

Figure 1: Comparison of simulated accelerations and calibrated 

ACT1B data for January 1. 2019
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Transplant
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Minimalistic approach

Estimation of density at positions of GRACE-C 
and time-correction to GRACE-D positions

Ԧ𝑎𝑑𝑟𝑎𝑔 = 𝐴𝐶𝐶 − Ԧ𝑎𝑚𝑜𝑑, 𝑟𝑎𝑑

Atmospheric density 𝜌 follows from:

Ԧ𝑎𝑑𝑟𝑎𝑔 = 
1

2
𝜌 𝐶𝐷 𝐴𝑝𝑟𝑜𝑗 Ԧ𝑣𝑖𝑛𝑐 Ԧ𝑣𝑖𝑛𝑐

ACC data need to be calibrated

For low solar activity basically only effect in 
along-track

For high solar activity increased effect also in 
cross-track

Figure 3: Residuals of ZARM simulation and transplant data to 

ACH for GRACE-D for 2019 and 2023

Low solar activity

High solar activity
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Calibration for Transplant
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Calibration of JPL ACT for GRACE-C

External calibration parameters from POD

Const. scale vector s

Three hourly const. bias vector b

No fitting of modelling errors

Additional calibration of cross-track (y) and radial 
(z) direction

improves limitations of POD parameters Figure 2: Residuals of ACT to simulated data after POD calibration 

and additional simulation calibration for January 01 2019



Solutions with GROOPS

ZARM Transplant and modeled data

JPL Transplant

TUG Transplant

Official solution

ITSG
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Comparison to other Transplants
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Figure 4: 2019 mean degree difference of transplant results w.r.t.

mean 2019 GOCO06s



Comparison to transplant of TUG 

Only systematic errors

J2 

Higher degrees

Validation of our transplant procedure
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Validation of Transplant

MORITZ HUCKFELDTFigure 5: 2019 mean difference of ZARM and TUG 

transplant results in terms of EWH.

Figure 6: 2019 mean results in terms of EWH w.r.t.

mean 2019 GOCO06s

TUG

ZARM
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Low and high solar activity periods
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Figure 7: January 2019 degree difference of transplants w.r.t.

mean 2019 GOCO06s
Figure 8: May 2023 degree difference of transplants w.r.t.

mean 2023 GOCO06s
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Monthly Gravity Fields
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2019

2020

2021

2022

2023
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Publication of Data
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https://zarm.uni-bremen.de/zarm_daten/

GRACE-D Accelerometer Transplant

GRACE-C/D Modeled Radiation Acceleration

Estimated Density + complementary data

Monthly gravity fields

Paper published: https://doi.org/10.1016/j.asr.2024.03.068

https://zarm.uni-bremen.de/zarm_daten/
https://doi.org/10.1016/j.asr.2024.03.068
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Follow us
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ZARM

zarm.uni-bremen.de/

Thank you!
This work is part of the Collaborative Research Center 1464 TerraQ and

funded by Deutsche Forschungsgemeinschaft DFG.

moritz.huckfeldt@zarm.uni-bremen.de
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