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Definition from Lenton et al. (2008): The term ‘‘tipping point’’ 
commonly refers to a critical threshold at which a tiny
perturbation can qualitatively alter the state or development
of a system. Here we introduce the term ‘‘tipping element’’ 
to describe large-scale components of the Earth system that
may pass a tipping point.



Tipping points

Implications:
• Within an ensemble of simulations, 

some members can cross the 
threshold, other not: stochasticity
matters

• Potential of early warning from
analysis of changes in statisical
properties in time windows
(variance, AR1 model…)

Lenton 2011

Stommel (1961)



Interactions between tipping
elements (Cai et al. NCC 2017)

SPG 
collapse



39 abrupt events (in 36% of the realizations)

Are the model showing abrupt changes in the subpolar gyre trustworthy?
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´ Potentially large 
climatic impact

´ When can it
occurs?



Lessons from the past

´ Abrupt changes of the SPG 
as a driver of Little ice age
(Miller et al. 2012, Moreno-
Chamarro et al. 2017)

´ High resolution proxies for 
Dansgaard-Oeschger (DO) 
timeline (Landais et al. in 
prep.

´ Holocene period to enlarge
potential of analysis of 
abrupt variations

´ Emerging constraints from
PMIP4 simulations as 
compared to reconstruction 
(Green Sahara from 6K, 
9K…)

Moreno-Chamarro et al. 2017

Landais et al. in prep.



Early Warning

´ Boulton et al. (2014): 
Early warning up to 
250 years in 
advance if at  least 
500 years of AMOC 
monitoring

´ Need for long 
enough
reconstruction of 
AMOC variations

´ What can be found
with only 15 years of 
monitoring?



Impact

Area of Sorghum cultivation

Population impacted

Precipitation changes in Sahel region

Adding GrIS freshwater in 
the North Atlantic…





Special Report on the Ocean and 
the Cryosphere in a Changing Climate

• Risks of abrupt change in ocean circulation and cryosphere
and potential consequences

• Extreme ENSO events and other modes of variability and their
implications

• Marine heat waves and implications
• Changes in tracks, intensity, and frequency of tropical and 

extra-tropical storms and associated wave height
• Cascading risks (e.g., storm surge and sea level rise), 

irreversibility, and tipping points
• Monitoring systems for extremes, early warning and 

forecasting systems in the context of climate change
• Governance and policy options, risk management, including

disaster risk reduction and enhancing resilience

Chapter 6: Extremes, Abrupt Changes and Managing Risks



What is worth achieving

´ Making a clear focus on process analysis in complex
models, since this is usually missing for tipping
elements analysis, with an in depth analysis of 
physical and biogechemical processes at play (this
is a necessary step to « result in better understanding
of abrupt climate change »

´ North Atlantic as a key tipping element, but 
interesting in evaluating other elements as well and 
cross expertise in a project.

´ Include monitoring systems and paleo to have real 
data in our scientific approach and not only models
=> reaching multiple line of evidences



Potential key activities/ideas
and novelty

´ CMIP6 analysis for abrupt changes
´ Abrupt changes in large ensembles of simulations
´ Emerging constraints in decadal prediction systems and 

projections, using PMIP4 simulation as well
´ Early warning signals for in situ oceanographic

observations
´ AMOC reconstruction (data assimilation) over the last 

millennium
´ Lessons from Holocene and DO syntheses
´ Interactions between tipping point (monsoon, Amazon 

dieback…)
´ Impact of abrupt changes on human and mitigation
´ Threshold in the Nordic Seas, critical stratification in the SPG


