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TOLEOS – Thermosphere Observations from Low-Earth Orbiting Satellites
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• Correction for short-wavelength artifacts (e.g., spikes)
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Thermosphere data availability

The objective of the TOLEOS project is to process the CHAMP, GRACE, and GRACE-FO accelerometer measurements with improved processing standards to obtain 

thermosphere density and crosswind data products. These new data products will cover the entirety of the accelerometer missions and complement the existing ESA 

databases for Swarm and GOCE. The improvements in the processing focus on the radiation pressure modelling, which is expected to have a significant effect on the 

density and crosswind data, in particular at altitudes above 450 km during solar minimum conditions. Substantial validation activities are performed since the project’s 

start in June 2021 and will continue until the end of the project in July 2022.

Effect on CHAMP density observations

High-fidelity satellite geometry models

Heat loss towards space

• Stefan Boltzann’s law

• Diffuse irradiation

Heat gain from absorption

• Solar radiation pressure

• Albedo

• Earth infrared radiation
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Conductive 

heat exchange

Satellite model consists of outer 

panels and inner body

Radiation pressure modelling – new thermal model

Panels exchange heat with space and 

the inner body, which generates heat

Radiation pressure modelling – ray tracing

Radiation pressure from incoming 

radiation is simulated by tracing millions 

of test rays from every direction using 

the high-fidelity geometry models

• More accurate than panel models

• Shadowing effects

• Multiple reflections

Highly detailed models of the satellite geometry are essential for accurate aerodynamic 

and radiation pressure modelling. The GRACE-FO geometry model was specifically created 

for the TOLEOS project.

A first assessment of the effect of the upgraded radiation pressure model on CHAMP 

density observations in January 2004. The difference between old and new density 

observations is on the order of 2%. Since CHAMP was orbiting at 400 km altitude in 

active solar conditions, we may expect a much larger effect for GRACE during the 

2008/2009 solar minimum and GRACE-FO in the present solar minimum.

Colors indicate the parts of the mission for which thermosphere observations are 

presently available, while gray indicates parts that have not yet been processed. By 

the end of the TOLEOS project, all gray areas for CHAMP, GRACE, and GRACE-FO will 

be processed, whereas the colored parts will be reprocessed with improved 

accelerometer calibration and processing standards.

Effect on CHAMP crosswind observations

A first assessment of the effect of the upgraded radiation pressure model on CHAMP 

crosswind observations in January 2004. The difference between old and new 

density observations is on the order of 200 m/s. The new crosswind observations 

tend to be much smaller at non-polar latitudes and show larger peak wind speeds 

within the auroral region.
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