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Little things can make a big difference 

• Tipping element  

– A component of the Earth system, at least sub-
continental in scale (~1000km), that can be switched – 
under certain circumstances – into a qualitatively 
different state by a small perturbation. 

 

• Tipping point 

– The corresponding critical point – in forcing and a 
feature of the system – at which the future state of the 
system is qualitatively altered. 

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



Bifurcation No bifurcation 

Irreversible transition Reversible transition 



Policy relevant tipping elements 

• Human activities are interfering with the system such that 
decisions taken within a “political time horizon” (~100 
years) can determine whether the tipping point is 
reached. 

 

• The time to observe a qualitative change plus the time to 
trigger it lie within an “ethical time horizon” (~1000 years). 

 

• A significant number of people care about the fate of the 
system  

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



Observations & IPCC projections 
= High growth 
= Mid growth 
= Low growth 

IPCC (2007) 



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 



Atlantic overturning circulation 



Probabilities under different scenarios 
 

Three different warming scenarios: 

 
Imprecise probability statements elicited from experts. 

 

Example of collapse of Atlantic meridional overturning circulation: 

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



Greenland ice sheet 
Net mass balance 

Expert elicitation for 
future warming 
scenarios: 

Low Medium High 

Copenhagen Diagnosis (2009); Kriegler et al. (2009) PNAS 106(13): 5041-5046; Marco Tedesco greenlandmelting.com  

2012 melt days  
anomaly relative  
to 1980-1999 
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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 

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

Likelihood 



Interactions between tipping events 

Dieback 

of Amazon 

rainforest 
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regime 
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West Antarctic Ice Sheet 
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circulation 
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Greenland  

Ice Sheet 
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Reduced warming of Greenland 

Cooling of NE tropical Pacific, thermocline 
shoaling, weakening of annual cycle in EEP 

Enhanced water 
vapour export from 

Atlantic 

- 

Heat accumulation in 
Southern Ocean 

Southward shift of Inter-
tropical Convergence 

Zone 

Drying over 
Amazonia 

Tropical 
moisture 

supply 
changes 

Increase in meridional 
salinity gradient 

Fast advection of salinity 
anomaly to North 

Atlantic 

Sea level rise causing grounding 
line retreat 

Freshwater input 

Warming of Ross and 
Amundsen seas 

Increase in probability 

Decrease in probability 

Uncertain direction of change 

+ 

- 

+/- 
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 



Past abrupt climate changes 

Steffensen et al. (2008) Science 321: 680-684 



Bifurcation tipping Noise-induced tipping 

Early warning  No early warning  

See Ashwin et al. (2012) Phil Trans A 370. 1166-1184 – they introduce a third category of ‘Rate-dependent tipping’ 



Test of tipping point detection 

Artificial data 

Livina, Kwasniok & Lenton (2010) Climate of the Past, 6: 77-82 

Number of states:  
1, 2, 3, 4 



Past climate tipping points 

Number of states: 1, 2, 3, 4 

Livina, Kwasniok & Lenton (2010) Climate of the Past, 6: 77-82 

GRIP ice-core δ18O  proxy temperature NGRIP ice-core δ18O proxy temperature 



Early warning prospects 

System being 
forced past a 
bifurcation point 

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



Model tests of early warning: 
Collapse of the thermohaline circulation 

GENIE-1 intermediate complexity model GENIE-2 atmosphere-ocean GCM  
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Lenton (2011) Nature Climate Change 1: 201-209 



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 8: 1127-1139 



Arctic climate tipping points 

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



Arctic sea-ice 

26 August 2012 compared to the 30 year average minimum (green line) 



Inter-annual variability of Arctic sea-ice 

Historical reconstruction of summer ice extent (annual data) 



Arctic sea-ice 

Satellite data as used on e.g. ‘The Cryosphere Today’ website 



A new low Arctic sea-ice state appearing? 

Number of  
states:  
1, 2, 3, 4 

Livina & Lenton (2012) The Cryosphere Discussions 6: 2621-2651 



A new low Arctic sea-ice state appearing? 

Livina & Lenton (2012) The Cryosphere Discussions 6: 2621-2651 



Early warning signals? 

Livina & Lenton (2012) The Cryosphere Discussions 6: 2621-2651 
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Loss of Arctic 
summer sea-ice 

Disintegration of 
West Antarctic ice 

sheet 
Irreversible 

meltdown of 
Greenland ice 

sheet 

Increase in El Nino 
amplitude 

Collapse of 
West African 

Monsoon 

Collapse of Atlantic 
thermohaline 

circulation 

Dieback of 
Amazon rainforest 

Dieback of boreal 
forest 

Lowest risk 

Highest risk 

Lenton (2011) Nature Climate Change 1: 201-209 
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Relative likelihood 





Conclusion 

• Several tipping elements in the climate system could be 
triggered this century by human activities 

 

• Some could become high impact high probability events but 
we need improved information on their likelihood 

 

• Early warning methods exist for some types of tipping points 
and these have been successfully tested 

 

• The same methods suggest that the Arctic sea-ice cover has 
recently passed a tipping point 

 

• The Greenland ice sheet could be very close to a tipping point 

 




