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Expansion of extremely hot regions >29°C 
in a 3°C warmer world

Black areas: where mean annual temperatures >29°C occur today. 
Grey shading: where they are projected to occur in a 3°C warmer world (in 2070) 

Xu, Kohler, Lenton, Svenning, Scheffer (2020) PNAS



Generic example of passing a tipping point



Climate tipping elements

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



Risk knowledge
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Lenton (2011) Nature Climate Change 1: 201-209



Effect of a climate 
tipping point on 
GB agriculture

Ritchie, et al. (2020) 
Nature Food

Collapse of the Atlantic Meridional 
Overturning Circulation (AMOC)



Abrupt changes detected in climate models

Drijfhout et al. (2015) PNAS 112(43): E5777-E5786



Changing risk assessment of tipping points

IPCC
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Special 
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Lenton et al. (2019) Nature



Arctic sea ice
Massive reduction in area

Greenland ice sheet
Ice loss accelerating

Permafrost
Thawing underway

Coral reefs
Massive 
die offs

Boreal forest
Fire regime 
changing

West Antarctic Ice Sheet
Ice loss accelerating

Amazon 
rainforest
Unprecedented 
droughts 
in last 15 years

Atlantic 
circulation
15% slowdown 
since 1950s

Wilkes basin, East Antarctica
Ice loss accelerating Lenton et al. (2019) Nature



Coupling between tipping elements

Lenton et al. (2019) Nature



A global tipping point?

Steffen et al. (2018) PNAS 115:8252-9



Global CO2 emissions to meet Paris goals

Committee on Climate Change (2019) Net Zero:  The UK’s Contribution to Stopping Global Warming



Tipping positive change

Otto, Donges et al. (2020) PNAS 117(5): 2354-2365



Tipping social-technical change
Easter Parade, 5th Avenue, New York City

1900: Spot the automobile 1913: Spot the horse



Reinforcing feedbacks in technology diffusion

• The more something is made 
the better it can be made 
(learning-by-doing)

• The more something is made 
the more cheaply it can be made 
(economies of scale)

• The more something is used the 
more technologies emerge that 
make it more useful



Social contagion



Electric vehicles (EV)

Market share as a function of cost difference to petrol/diesel car 

Bloomberg NEF

Cost of vehicle 

Sharpe & Lenton (in review)



COP26 clean transport campaign: 
tipping cascade across sectors?

Electric 
vehicle 
support 
policies in 
major 
economies

Petrol cars 
cheaper than 
electric vehicles 

Electric vehicles 
cheaper than 
petrol cars in 
major economies

Petrol cars still cheaper

EV cars cheaper than petrol 
cars in many markets

EV & battery 
deployment up; 
costs down

EV light trucks cheaper 
than diesel

Diesel trucks still cheaper

Coal still cheaper

Renewables + battery 
storage cheaper than 
coal power

Oil firms commit fully to 
diversifying investments 

Oil firms still hedging their bets

Simon Sharpe

COP26 Unit

Sharpe & Lenton (in review)



Tipping coal out of UK power generation

Sharpe & Lenton (in review)



Tipping global power generation

Solar PV – economies of scale

Bloomberg NEF (calculations excluding subsidies or tax credits)

Sharpe & Lenton (in review)



Global power sector: 
tipping cascade through time 

• Renewable 
subsidies

• Power sector 
reform policies

Tipping point 1

New coal/gas 
cheaper than 
renewables

Renewables 
cheaper than 
new coal/gas

Existing coal/gas cheaper 
than new renewables

Renewables cheaper 
than existing 
coal/gas

Tipping point 2

• Deployment up 
• Costs down

Sharpe & Lenton (in review)



Interactions between tipping elements

POWER INDUSTRY

CARS
TRUCKS

AIR

SHIPS

TRAINS

Low cost 
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Clean 
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Advanced 
biofuels

Clean 
electricity



Summary

• We are heading for 3°C global warming that will put >3 billion people outside 
of the ‘human climate niche’ that has served us well for thousands of years 

• Some climate tipping points may already have been passed and if we continue 
burning fossil fuels others will become high impact high probability events

• The only way we can limit global warming to “well below 2°C” is through 
positive tipping points propelling transformative social-technological change

• Policy interventions and reinforcing feedbacks within technology diffusion and 
society can tip rapid decarbonisation




