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Many ecosystems show  
occasional sharp transitions 



The same happens in other 
complex systems 



Financial Markets 

George Sugihara 

William Brock 



Tim Lenton 

Victor Brovkin 

Faster systems warn quicker 

The Brain 
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States 



The Climate 
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Prediction is hard 
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How to predict critical transitions ? 
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Extrapolation ? 



Claussen, et al (1999) Geophysical Research Letters  26, 2037-2040.  Scheffer, et al. (2001).  Nature 413: 591-596 

Extrapolation ? 



Statistics for many cases ? 
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Experiments !  



Experiments ?  



Past behaviour  





Can Critical Transitions be predicted ? 

Even if we do not understand the system ? 



Universal Laws Rule at Critical Points  



Generic Early Warning Signals 
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Critical Slowing Down 

Van Nes & Scheffer 
“Slow recovery from perturbations” 

American Naturalist 2007 



“Generic Early Warning Signals” in stochastic environments  

increased 
autocorrelation 

increased 
variance 

close to tipping point 

+ skewness... + flickering.... 



Such early warning signals have been shown in models 



but also in real climate dynamics 

Dakos et al PNAS 2008 
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Slowing down precedes ancient climate shifts 
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Critical slowing down announced  8 abrupt climate shifts 
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There are many challenges to prediction 
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The Defragmentation of Science 

Holism 2.0 









increased 
autocorrelation 

increased 
variance 

close to tipping point 

 Generic Early Warning Signals 

Radical multi-disciplinarity 









The Defragmentation of Science 

SARAS 
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