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

S hara Greening 7,
Dust S-ourcn

s

sh ut-dDWrV’ Sahol Dr','mq?

_ Jﬁ( 1W3.at|ﬁiri|:an

i Ruinfm'nst Mons

- Maring Biclogical |
Carbon]Pump?.

West'Antarctic

mm Melting Population Density [persons per km?]
= CirCUIation Change (- [ " T — m

nodata 0 5 10 20 100 200 300 400 1000

B Biome Loss
//’

/,UNIVERSITY OF
EXETER

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




Year 2100 range (IPCC 2007)
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Interactions between tipping events
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had a direct effect on the probability of triggering B thereafter
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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
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Arctic climate tipping points
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Arctic sea-ice

16 September 2012 (3.41x108 km?) compared to the 30 year average minimum (yellow line)
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Increasing variability of Arctic sea-ice
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Arctic sea-ice
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Arctic sea-ice
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Risk matrix

Highest risk

Collapse of
West African
Monsoon

Increase in El Nino
amplitude

Collapse of Atlantic
thermohaline
circulation

Dieback of Amazon
rainforest

Dieback of boreal
forest
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Relative impact

Loss of Arctic
summer sea-ice
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Early warning systems

Common elements:
Risk knowledge
Warning service
Communication

Response capability
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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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