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Early warning of climate tipping points
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Tipping elements in the climate system

Updated from Lenton et al. (2008) PNAS 105(6): 1786-1793



Estimates of proximity

Lenton & Schellnhuber (2007) Nature Reports Climate Change
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Likelihood

• Imprecise probability 

statements from 

experts formally 

combined.

• Under 2-4 °C warming: 

>16% probability of 

passing at least one of 

five tipping points

• Under >4 °C warming: 

>56% probability of 

passing at least one of 

five tipping points
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Tipping events are connected A→B if at least 5 experts judged that triggering A 

had a direct effect on the probability of triggering B thereafter

Kriegler et al. (2009) PNAS 106(13): 5041-5046



Tipping point early warning

System being

forced past a

bifurcation point

Held & Kleinen (2004) GRL 31: L23207; Lenton et al. (2008) PNAS 105(6): 1786-1793



The end of the ice age in Greenland

Early 

warning 

indicator

GRIP ice-core

δ18O proxy 

temperature

Detrended

data

Lenton, Livina, Dakos, Scheffer (2012) Climate of the Past Discussions 8: 321-348



Arctic climate tipping points

Duarte, Lenton, Wadhams, Wassmann (2012) Nature Climate Change 2: 60-62



Arctic sea-ice

16 September 2012 (3.41x106 km2) compared to the 30 year average minimum (yellow line)



Increasing variability of Arctic sea-ice

Analysis of historical reconstruction of summer ice extent (annual data)



Arctic sea-ice

Livina & Lenton (2013) The Cryosphere 7: 275-286 



Arctic sea-ice

Livina & Lenton (2013) The Cryosphere 7: 275-286 
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Lenton (2011) Nature Climate Change 1: 201-209
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Early warning systems

Common elements:

Risk knowledge

Warning service

Communication

Response capability

Basher (2006) Phil Trans A 364: 2167-82; Lenton (2012) Env Sci & Policy 27: S60-S75



Conclusion

• Several tipping elements in the climate system could be 

triggered this century by anthropogenic forcing

• Some could be high impact high probability events but we 

need improved information on their likelihood and impacts

• Early warning methods exist for bifurcation-tipping points and 

these have been successfully tested in models and paleo-data

• Tipping point early warning systems could be developed as an 

aid to adaptation (and a trigger for avoidance activity)
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