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Monitoring of rapid geomagnetic variations
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Outline

• A central question of geodynamics: is the top of Earth’s core stably stratified? Has 

implications on Earth’s structure and thermal history:

• rate of Earth’s cooling, with stratification arising e.g. when the heat flow out of the 

core is sub-adiabatic

• thermal and electrical transport properties, with stratification being more likely if core 

thermal conductivity is high

• Rapid geomagnetic variations as measured by Swarm are a potentially valuable source 

of information.

• Numerical simulations of the geodynamo now achieve a regime sufficiently close to that 

of Earth’s core in order to reproduce these variations (see e.g. the review of Finlay et al. 

2023).

• Here we jointly exploit the strength of satellite monitoring and numerical simulations in 

order to constrain the convective stability at the top of Earth’s core using rapid 

geomagnetic variations.



Numerical simulations of the geodynamo
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30 years of continuous improvements towards accessing the conditions of Earth’s core
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Top core stratification
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Rapid magnetic variations in a fully convective core
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Rapid magnetic variations in a stable top core
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Attenuation of equatorial magnetic acceleration
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Attenuation of geomagnetic jerks

4-month core GVOs of dY/dt from CHAMP/Cryosat-2/Swarm

mapped @700 km altitude, Hammer et al. 2021
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Underlying dynamics: ‘Magneto-Coriolis waves’

Gerick et al. 2021

Gillet et al. 2022
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Barrois and Aubert 2024

Time scale on the order of

the  Alfvén time (i.e. a few years)



Rapid flows, fully convective core

years
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Rapid flows, fully convective vs. stratified top core

years years

fully convective stratified top

years

• Magneto-Coriolis waves replaced by Magneto-Archimedes-Coriolis waves 

bearing no equatorial signature

• only remaining equatorial signature is that of weak torsional Alfvén waves



Conclusions

• Top core stratification of geophysically plausible strength and depth is strongly deleterious to 

rapid geomagnetic variations such as those presently observed by satellites

• core flows also become strongly dissimilar to geomagnetic inferences, with MAC waves 

appearing as theoretically predicted (e.g. Buffett, 2014) but unable to account for rapid variations

• Present-day top core stratification is either very thin (< about 10 km) or very weak ( )

• This means that the heat flow escaping the core is at least nearly adiabatic, and probably 

superadiabatic (i.e. more than about 14-15 TW)

• This implies in particular a hot start for Earth as a planet (~ 7000 K, e.g. Labrosse 2015)
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