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GOCE Reprocessing Campaign 

GOCE-HPF Consortium 
ESA project 

 Team: High Level Processing Facility (HPF) 

 Start : October 2017  

 End: May 2019  

 Goal: Improving GOCE products 

 Linear and angular accelerations 

 Gravity gradients 

 Orbit and attitude data 

 GOCE Gravity field models  

 Combined gravity field model   

 Ionosphere models 

 Thermosphere models 
new 
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Why GOCE Reprocessing? 

18/09/2018 

Increased residuals for cross-track gradients (Vyy) 
and others around geomagnetic poles 
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Origin of residuals: missing quadratic terms in 
the calibration of the gradiometer  
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Monthly GOCE hl-SST solution w.r.t. AIUB-GRACE03S 

Corrected monthly GOCE hl-SST solution w.r.t. AIUB-GRACE03S 

RMS= 
21.4 mm 

RMS= 
16.1 mm 

Kinematic orbits show systematic effects around the 
geomagnetic equator because of degraded GPS data 
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Overview and Status 

Data 

Level 1 

Level 2 

New 

Input data 

Upgrade 
L1b processor 
(completed) 

L1b & L2 data 
(completed) 

Gravity field 
and new 
products 
(ongoing) 

L2 orbits 
(ongoing) 
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final calibrated  
accelerations 

Two step calibration procedure 
 
 

1) Shaking-mode          
𝒂 𝒅𝒊𝒋
𝒂 𝒄𝒊𝒋

= 𝑀 𝑖𝑗  
𝑎 𝑑𝑖𝑗
𝑎 𝑐𝑖𝑗

 

 
2) Science-mode  
 
 
 

𝑎 𝑑𝑖𝑗
𝑎 𝑐𝑖𝑗

=
𝑏 𝑑𝑖𝑗

𝑏 𝑐𝑖𝑗
+ 𝑀 𝑖𝑗  

𝒂 𝒅𝒊𝒋
𝒂 𝒄𝒊𝒋

+ 𝐾 𝑖𝑗  
𝒂 𝒄𝒊𝒋 + 𝒂 𝒅𝒊𝒋

2

𝒂 𝒄𝒊𝒋 − 𝒂 𝒅𝒊𝒋
2 + 𝑊 𝑖𝑗 𝜔  +  

𝑛 𝑑𝑖𝑗
𝑛 𝑐𝑖𝑗

 

New Gradiometer Calibration 

accelerometer 
 biases 

ICM: Inverse calibration matrix 

ICM quadratic factor 
 matrix 

angular coupling 
 matrix 

𝑖𝑗: 

shaking-mode calibrated 
accelerations 

angular 
 accelerations noise 

Parameter estimation 
is based on 

1. science and shaking-
mode data 

2. star-tracker angular 
rates 

3. external gravity field 
model (band filtered 
: 1-10mHz) 

Gradiometer 
sketch 

 14: along-track (x) 
 25: cross−track (y) 
 36: radial (z) 

(Siemes  2018, JoG)  
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The New L1B Processor - Overview 

Not  
changed 
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Improved GOCE Products – Gravity Gradients 

Period : 2012/03/16 to 2012/05/22 

 
 

GGT residuals w.r.t ITSG-GRACE2014k along the orbit 
  filtering: 1 -10 mHz 

  ascending tracks only  

before 

after re-processing 
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Improved GOCE Products – Gravity Gradients 
GGT residuals w.r.t ITSG-GRACE2014k along the orbit 

  filtering: 5 -100 mHz (MBW) 
  ascending tracks only  

 
 

before 

after re-processing 

Period : 2012/03/16 to 2012/05/22 
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Improved GOCE Products – Gravity Gradients 

before re-processing 

Performance of 
gradients (w.r.t. ITSG-
GRACE2014k) over 
entire GOCE mission 

XX YY 

ZZ XZ 

data segments 
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Improved GOCE Products – Gravity Gradients 

after re-processing 

Performance of 
gradients (w.r.t. ITSG-
GRACE2014k) over 
entire GOCE mission 

XX YY 

ZZ XZ 

data segments 

 Stationary noise 
over entire mission 
 
Except:   
 Vzz before satellite 
     anomaly in  
     February 2010 
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Improved GOCE Products – Gravity Models 

Courtesy: J.M. Brockmann, Univ. Bonn  
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Improved GOCE Products – Gravity Models 
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Combined Geoid (SGG & SST) compared to XGM2016 (d/200) 
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Improved GOCE Products – Gravity Models 
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Combined Geoid (SGG & SST) compared to XGM2016 (d/200) 
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Improved GOCE Products – Gravity Models 
Combined Solution (SGG & SST) GPS-Levelling Comparisons 

Brazil Canada 
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Improved GOCE Products – Gravity Models 
Combined Solution (SGG & SST) GPS-Levelling Comparisons 

Germany USA 
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 PolarGap data Antarctica – Fill the polar gap of GOCE and ideally to make any regularization obsolete. 

 Optimized high resolution ocean geoid – Combination of reprocessed GOCE model and up-to-date altimetric gravity 
data – Computation of geodetic MDT (OGMOC project). 

New Products – Combined Gravity Field 

Airborne gravity observations taken by the 
PolarGAP project (10-2015 to 04-2017) 

MDT from DTU15MSS and 
extended XGM2016 [m] 
and derived geostrophic 
current velocities [m/s]. 
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New Products – Ionopshere & Thermosphere 
 Slant Total Electron Content (TEC) & Rate of TEC index (ROTI) from the GOCE GPS (low near polar orbit & post-sunset 

local time for high latitude and equatorial irregularities).  

Evolution of the orbits of CHAMP, GOCE 
and Swarm 
Courtesy van den Ijssel TU Delft 

Density estimates from GOCE for the 
complete mission duration 
Courtesy Doornbos, TU Delft 

 For 2009 to 2013 GOCE gradiometry based thermosphere density and wind data sets were produced. 
Improvements with reprocessed data and from lessons learned are expected. 

[10-9 kg/m3] 
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Summary & Schedule 
Summary 

 Higher noise in gradients and GPS observations identified, which is correlated to the 
magnetic field (magnetic poles and geomagnetic equator). 

 Reprocessing of L1B gravity gradients by improved calibration scheme, star tracker 
combination and angular rate reconstruction. Improved screening of GPS data. 

 Improvements: Gravity gradients between 15% and 20%; Elimination of correlations to 
geomagnetic equator in kinematic positions. 

 Improvements in GOCE gravity field models 15% to 25%. 

Schedule 

 Complete set of new gradient products in February 2019. 

 Reprocessed precise science orbits by end of 2018. 

 Rel. 6 GOCE and combined gravity field models in May 2019. 

 Ionosphere products ready and delivered to ESA. 

 Thermosphere products in May 2019 

 


