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A crucial point in the public debate about global warming is the existence of “tipping points”,
i.e. bifurcations in the dynamics of the climate system, potentially leading to abrupt climate
change [1, 5]. Geological archives indicate that such events have occurred in earth’s past, some-
times on timescales which do not exceed a decade (Fig. 1, left). Yet, it remains virtually unknown
whether the atmospheric circulation, which corresponds to the fastest timescales of the system,
may undergo such transitions at the planetary scale. The main objective of this project is to
establish on a robust scientific basis the existence of tipping points due to nonlinear feedbacks in
the atmospheric circulation. This is a key question, because of the role of the atmosphere in the
global climate through the transport of momentum, energy and water vapor across latitudes, but
also because it acts as a forcing for other components of the climate system, such as the ocean
and vegetation. The project focuses on the circulation of the tropical atmosphere, which has the
potential for large-scale reorganization and could affect climate worldwide through its coupling
with the tropical ocean [4].

observational and a mechanistic approach. From the obser-
vations, we can ask whether the events in different records
have the same timing, abruptness, and persistence. Many of
the records from the North Atlantic region have been
examined in this context [e.g., Alley et al., 1999; Hemming,
2004], but this is less true for other regions, particularly the
tropics. For the mechanistic approach, the question is
whether there are plausible physical mechanisms that can
link different regions, perhaps at a global scale, and what
drives such mechanisms to produce abrupt changes.
[4] At present, the favored paradigm for explaining the

abrupt climate events seen in ice cores and elsewhere
centers on freshwater input to the high-latitude North
Atlantic and its effect on heat transport into the region via
disruption of the meridional overturning circulation (MOC)
of the Atlantic [e.g., Rooth, 1982; Broecker et al., 1985;
Bond et al., 1993; Rahmstorf, 1995; Alley et al., 1999;

Ganopolski and Rahmstorf, 2001; Knutti et al., 2004]. It is
argued that freshwater discharges into the North Atlantic
Ocean from the surrounding landmasses abruptly weaken
the ocean thermohaline circulation (THC) in the Atlantic
and the delivery of heat from the tropics to the high latitudes
causing cold events in Greenland. The most obvious source
of this fresh water would be from periodic releases of
meltwater derived from the surrounding ice sheets.
[5] A collection of paleochemical data, reviewed in

section 2.1.2, support the premise that the THC has indeed
undergone past changes in its intensity. However, it is not
necessarily clear whether these changes were the cause or
consequence of abrupt climate change. Furthermore, it is
not obvious that THC changes alone can explain the climate
changes recorded both within the North Atlantic and world-
wide [Wunsch, 2006]. Are there other possible mechanisms
that can explain the features of the observations? One such

Figure 1. Comparison of (bottom) North Greenland Ice Core Project (NGRIP) ice core oxygen isotope
record (a proxy for air temperature) to (top) a typical deep sea sediment oxygen isotope record (a signal
dominated by global ice volume). The Mapping Spectral Variability in Global Climate Project
(SPECMAP) stack [Imbrie et al., 1984] is a composite record constructed from normalizing and
averaging a number of low-latitude planktic foraminiferal isotope records and is representative of the
resolution typically achieved in climate time series based on open ocean marine sediments with low to
moderate sedimentation rates (i.e., less than about 5–8 cm ka!1). The high-resolution NGRIP record
[North Greenland Ice Core Project Members, 2004] spans the last 123,000 years and reveals pervasive
century- to millennial-scale variability not resolvable in typical marine records. The abrupt cooling of the
Younger Dryas and the rapid warmings that characterize the well-known Dansgaard-Oeschger interstadial
events are numbered. Heinrich events (labeled H1 to H6) are discrete layers of ice-rafted debris found in
marine sediment cores from a wide swath of the subpolar North Atlantic. They have been interpreted to
reflect the episodic discharge of massive numbers of icebergs from the Hudson Strait region.
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Figure 1: Left: Abrupt climate changes (Dansgaard-Oeschger events, ∼5 degree warming of the Northern
Hemisphere on timescales of years to decades) observed in the isotopic abundance of 18O over the last
glacial cycle from ice core data in the Greenland ice sheet [2]. Right: Superrotating atmosphere in a
numerical simulation with an idealized General Circulation Model.

The student will test the hypothesis that the atmospheric circulation can support multiple
steady-states — the conventional circulation, and a state of strong eastward jet velocities at the
equator, referred to as superrotation (Fig. 1, right) — potentially leading to complex dynamics
such as hysteresis phenomena, self-sustained oscillations and spontaneous transitions triggered
by random fluctuations of the turbulent dynamics, and study the impact of such phenomena
on global climate. This will involve both studying precisely physical mechanisms in idealized
models (e.g. wave-jet resonance in the shallow-water equations [3]) and conducting numerical
experiments with a state-of-the-art General Circulation Model. The project is at the interface
between geophysical fluid dynamics, nonlinear dynamics and climate modeling. The balance
between theoretical and numerical work can be adjusted to the taste of the student, but a strong
motivation to work with climate models is required.
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