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ABOUT THE HYPOTHESIS OF ABRUPT CLIMATE CHANGES:
A STATISTICAL PHYSICS APPROACH

The hypothesis that climate may undergo an abrupt transi-
tion if global warming reaches some threshold is often discussed
in the public debate. So far, there is however no clear scientific
evidence, neither in favor, nor against the occurrence of such a
scenario. Putting this question in the realm of science is a fasci-
nating subject. The aim of this project is to study the possibility
that the Earth’s atmosphere may undergo an abrupt transition
towards a state for which the equatorial belt would experience
strong eastward jet velocities, a state referred to as superrota-
tion. Such a bifurcation would drastically change the climate
of the Earth at a global scale, changing the monsoon structure
and the midlatitude weather, with unthinkable consequences on
our civilisation.

Potential vorticity in a numer-
ical simulation of a superro-
tating equatorial jet [6].

The inspection of planetary atmospheres in our solar system shows that some of them exhibit
a strongly superrotating equatorial jet (e.g. Venus, Jupiter and Saturn), while some others do not
(e.g. the Earth). Moreover, several authors have hypothesized that the Earth has experienced
superrotation in the remote past. While this hypothesis is plausible, the paleoclimate evidence
is still too scarce for a definitive answer. The dynamical reason for the existence or absence of a
superrotating state has not been clearly identified yet. The hypothesis we want to test is that for
some range of parameters, both a superrotating state and a non supperotating state can exist,
and that random fluctuations of the dynamics may trigger a transition from one of these states
to the other.

A dynamical mechanism for a possible transition to superrotation has been advocated by
several authors [1]. An equatorial source of Rossby waves could trigger an increase of the equa-
torial angular momentum, leading to a superrotating atmosphere. Validating or invalidating this
hypothesis with current atmospheric models faces however several challenges. The main one is
that addressing this issue requires to run very complex models over unprecedented time scales.
For this reason such a task has been considered impossible so far.

The most modern tools of statistical physics may help solving this issue. Statistical mechanics
provides key tools in order to study complex systems. Its application to geophysical flows and
climate dynamics has giving impressive results during the last decade. For instance, the structure
of the Great Red spot of Jupiter has been explained using equilibrium statistical mechanics [3].
Recently, rare transitions between states with a different number of atmospheric jets, for Jupiter’s
troposphere, have been observed [2, 7]. We have also used large deviation algorithms, based
on statistical mechanics ideas, in order to study the probability of extreme heat waves over
Europe [4].

We will use two key ideas from statistical mechanics in order to study superrotating equatorial
jets. First, at a practical level, we will use a rare event algorithm that allows to gain several
orders of magnitude compared to direct computation [4, 5], which allows to tackle problems that
could not have been studied previously. Second, at a theoretical level, we will rely on large
deviation theory, the key tool of modern statistical mechanics. Large deviation theory explains
why bifurcations in a non-equilibrium context may have universal properties, why rare transitions
in turbulent flows are described by Arrhenius laws, and why the dynamics of rare transitions is
predictible.

The aim of this project will be to study the transition to a superrotating atmosphere in
a simple atmospheric model. This project will involve numerical computations: although no
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specific training is required, the candidate should have an interest for numerical techniques. As
the project will also involve modelling, and the use of statistical mechanical concepts, it should
be of interest also for theoretically minded students. Another project, with a purely theoretical
flavor, is also proposed.
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Profile: We are looking for candidates with a background in physics, in particular in nonlinear
dynamics, statistical physics and fluid dynamics. No previous experience with numerical
models of geophysical flows is required.

Location: Laboratoire de Physique de I’ENS de Lyon (UMR5672), Lyon, France.

Supervisors: Freddy Bouchet (CNRS, ENS de Lyon) and Corentin Herbert (CNRS, ENS
de Lyon).

Potential candidates should contact us at freddy.bouchet@ens-lyon.fr and corentin.herbert@ens-
lyon.fr.
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