
Geophysical Research Abstracts
Vol. 21, EGU2019-17466, 2019
EGU General Assembly 2019
© Author(s) 2019. CC Attribution 4.0 license.

Cascading tipping points in dynamical systems and paleoclimate
Johannes Lohmann (1), Daniele Castellana (2), Peter Ditlevsen (1), and Henk Dijkstra (2)
(1) University of Copenhagen, Centre for Ice and Climate, Niels Bohr Institute, Copenhagen, Denmark
(lohmann.johannes@googlemail.com), (2) Institute for Marine and Atmospheric research, Utrecht University, The Netherlands

In the framework of cascading tipping points, networks of dynamical systems exhibit cascades where a critical tran-
sition in one sub-system triggers a critical transition in one or more other sub-systems. The individual transitions
may arise via noise- or rate-induced switching in between attractors, or via slow passage through a bifurcation.
This yields a variety of different cascading scenarios.
Real-world analogues might exist in the climate, where several sub-systems could undergo chains of critical tran-
sitions under future anthropogenic climate change. Recent studies indicate a role of cascading effects leading up to
past climate changes. Paleoclimate data and models suggest that so-called Dansgaard-Oeschger events arise from
sequential shifts in the atmospheric circulation, sea ice cover and ocean circulation.
We hypothesize a tipping cascade as underlying mechanism, and construct a conceptual model with sea ice and
ocean components, which both show a double fold bifurcation structure. Changing atmospheric conditions are
modeled by a slow parameter drift or additive noise. The ocean component permits rate-induced tipping, yielding
a rich array of tipping cascades.
With this system we explore mathematical signatures of tipping cascades and implications for paleoclimate
changes. We assess the statistical significance of early warning signals related to critical slowing down and changes
in cross-correlation, as well as the transient behavior of the probability density.


