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Inverse problem in solid-Earth geophysics

Principle

Combine observations & prior information (theory) to better under-
stand and predict the behaviour of a natural system

Data

I observations

I simulations



Example 1: Predicting the future geomagnetic field

Observations

I Measurements of the Earth’s magnetic field.

I ESA Swarm mission (launched Nov 22nd, 2013).
http://www.ipgp.fr/fr/mission-swarm

Fournier et al. (Earth, Planets, Space 2015)

Size of data vector: moderate (few 106 data points)

http://www.ipgp.fr/fr/mission-swarm
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Example 1: Predicting the future geomagnetic field

Theory

Dynamo theory (Navier–Stokes & MHD): numerical model.
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Fournier et al. (Earth, Planets, Space 2015)

Inverse problem is solved to define initial condition (field, flow, buoyancy) for

subsequent integration. Synthetic data (prior statistics): ∼1 Tb.



Example 2: Seismic imaging and monitoring

Observations

Broadband 3-component continuous seismograms.

Size of data vector: 10 to 100 Tb.
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Example 2: Seismic imaging and monitoring

Theory

I Ambient noise tomography

I Cross-correlations between receiver pairs.

I N seismograms: N(N − 1)/2 cc (FFT).

Brenguier et al., Nature Geoscience, 2008



Ressources

National (free-run simulations, GENCI) and local ressources
well-suited for intensive analysis of large datasets: S-CAPAD
http://www.ipgp.fr/rech/scp
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Hardware



Enjeux

I Higher resolution (geodynamo: better representation of
physical processes)

I Larger datasets (seismology: longer timeseries imply better
images)

I Emerging fields, eg surface tectonics (deformation w/
interferometry, . . . )

I Ressources


