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Ecological Resilience



Systemic Resilience of Humans and Animals        Scheffer, et al. in prep.



Could We Quantify Systemic Resilience ?

Without destroying the system ?



Critical Slowing Down



Using Natural Fluctuations
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Low ResilienceHigh Resilience



Dynamic Indicators of Resilience

based on patterns of ‘micro-recovery’



Slowing down precedes ancient climate shifts

Dakos et al PNAS 2008

Such signals announced 8 abrupt climate shifts

Vasilis Dakos



Slowing down precedes ancient climate shiftsEvidence from a living system in the lab

Vasilis Dakos

Nature, 2012



Slowing down precedes ancient climate shiftsForests and Societies



Slowing down precedes ancient climate shiftsand the human mood



Deep 

Universality
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What kind of things can we do with this?

Scheffer et al.  Science Magazine, 2015
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What kind of things can we do with this?

Quantify and Manage Resilience ?



What about the bigger picture ?

Resilience of social traps 



Aborigines 

arrive in

Australia

Beginning

of agriculture

Great European

civilisations:

Greek, Roman

We live in interesting times

Young and Steffen. 2009. In: Chapin et al. (eds.). 

Principles of Ecosystem Stewardship. Springer 

First migration of 

fully modern humans

out of Africa

Migrations of

fully modern humans

from South Asia 

to Europe



T h e    B i g    P i c t u r e 

Manuscript under review



The Great Acceleration

Rockström et al. 2009. Nature

Planetary Boundaries



Humans have changed the way 

the world works. 

Now they have to change the way 

they think about it, too 







Scheffer, Brock and Westley, 2003

Social Contagion

Hysteresis in public attitude

Science Magazine 

October 2016



Africa Australia

South America

Footbinding

Public Smoking

Critical Transitions in Society

Radical Change can only be 

Invoked at a Tipping Point
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Rethinking the Cow





Tipping Points in Health



So far Critical Slowing Down ......

Subtle signs close to equilibrium

What about more 

Wildly Stochastic 

Systems ?



‘Flickering’  

George Sugihara

William Brock

Livina et al Clim. Past.  2010

but if you have a lot of data you may still find

Hints of Alternative States and their resilience 

No Critical Slowing Down 



We can use Spatial Information 

George Sugihara

William Brock

Space           Time



Hirota,  Holmgren,  VanNes  &  Scheffer       Science  2011
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Predict Resilience from Rain ?

But multiple factors affect resilience



Australia
So if possible, estimate resilience ‘directly’ on the spot ... 

But what can you do with that ?


