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Why studying rare events?
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2003 heat wave, Europe [Terra MODIS]
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[Anomaly for 1-month average] 2003 heat wave, Europe [Terra MODIS]
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Introduction Motivations

Why studying rare events?
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2010 heat wave in Western Russia [Dole et al., 2011]
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Why studying rare events?
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Why studying rare events?

Questions for physicists and mathematicians:
@ Probability and dynamics of rare events?
@ How to sample these in numerical modelisations?
@ Numerical tools and methods to understand their formation?
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Introduction Motivations

Why studying rare events?

Questions for physicists and mathematicians:
@ Probability and dynamics of rare events?
@ How to sample these in numerical modelisations?
@ Numerical tools and methods to understand their formation?

July temperatures, Western Russia
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Evolution of the return time
of the monthly averaged temperature

= Jom dt T(t)

Due anthropogenic impact on climate?

[Otto et al., 2012]
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An example: 4 copies, 1 degree of freedom C = x € R
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An example: 4 copies, 1 degree of freedom C = x € R
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Huge sampling issue
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Example distributions for a simple Langevin dynamics
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The small-noise crisis: systematic errors grow as € — 0
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Cause: as € = 0, pave(X) & pend(x) — sharply peaked at different points
i.e. the clones do not attaek sample correctly the phase space
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Improvement of the small-noise crisis
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Much more efficient evaluation of the biased distribution.
Even for a very crude (polynomial) approximation of the effective force.
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Questions: why is it working?

Improvement of the depletion-of-ancestors problem:
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IVAEIN IS ERIENEIIE  Anomalous distribution
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IVAEIN IS ERIENEIIE  Anomalous distribution
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Prob[K] ~ e/} Finite-time & -size scalings matter.
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IVAEIN IS ERIENEIIE  Anomalous distribution
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[Merrolle, Garrahan and Chandler, 2005]
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IVAEIN IS ERIENEIIE  Anomalous distribution

Improvement of the small-noise crisis (ii)
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Interacting system in 1D.

Effective force: 1-, 2-, 3- body interactions only [also crude approx.].
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IVAEIN IS ERIENEIIE  Anomalous distribution
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Exponential divergence of the susceptibility
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