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Climate tipping points Positive tipping points



Generic example of passing a tipping point
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Days Months Years Decades Centuries

Aquatic systems

Hypoxia
Fisheries collapse

Marine food webs
Coastal marine eutrophication

Bivalves collapse
Coral transitions

Submerged to floating plants Freshwater eutrophication
Kelp transitions
Seagrass transitions

Terrestrial systems
Land-water interface
Climate/Earth system
Social systems

Forest to savannah
Steppe to tundra

Tundra to boreal forest

Coniferous to deciduous forest

Bush encroachment
Soil salinization

Mangrove transitions
Peatland transitions

Salt marshes to tidal flats

River channel position
Thermokarst lake

Common pool resource
Sprawling vs compact city

Atlantic overturning circulation

Arctic sea-ice
West Antarctic ice sheet

Greenland ice sheet

Indian summer monsoon
Sahara/Sahel greening

Individual worldviews
Social contagion (neighbourhood)

Global commons

Political revolution

Civilisation collapse

Millennia

Great Oxidation
End Permian

Glacial termination

Industrial revolution (England)

Social contagion (internet)

Employment

Plant-pollinator network

Compost-bomb instability

Fire regimes

Ocean anoxic event

Transport-as-a-service?

El Niño Southern Oscillation
Continental
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Climate tipping elements

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



Changing risk assessment of tipping points

IPCC
Assessment
Reports and 
Special 
Reports

0 1 2 3 4 5 °C

Past Future

2001

2007

2013

2019

Undetectable Low High Very high

1.1°C 
(2020)

Global average temperature above 
pre-industrial

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



Positive tipping points
In collaboration with: Simon Sharpe (COP26 Unit), 
Scarlett Benson, Talia Smith, Theo Ewer (SYSTEMIQ)



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



Have we been here before?
Neolithic (agricultural) revolution Industrial revolution Green revolution



A past tipping point
Easter Parade, 5th Avenue, New York City

1900: Spot the automobile 1913: Spot the horse



A recent tipping point

https://www.google.co.uk/url?sa=i&url=https%3A%2F%2Fglobalnews.ca%2Fnews%2F6228604%2Feuropean-union-climate-emergency%2F&psig=AOvVaw3zEs6h2vU0Lnhbaei_zbRp&ust=1583312133019000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKi-gL73_ecCFQAAAAAdAAAAABAI


Reinforcing feedbacks

• 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 (2021) Climate Policy





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
Sharpe & Lenton (2021) Climate Policy



UK power sector: growth of renewables

Global research, development 
& deployment of solar & wind

UK renewable subsidies 
& power sector reforms

Sharpe & Lenton (2021) Climate Policy



UK power sector: carbon pricing 

Global research, development 
& deployment of solar & wind

UK renewable subsidies 
& power sector reforms

Carbon pricing

Sharpe & Lenton (2021) Climate Policy



Tipping 
point 1: 
coal to 
gas 
switching 
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Coal-to-gas switching price
in £/tonne of CO2

CPS EU carbon price Coal-to-Gas switching price

Gas becomes 
cheaper than coal

Data from ICIS, Intercontinental 
Exchange and Bloomberg. Chart 
created by Philippe Guiblin

Sharpe & Lenton (2021) Climate Policy



Tipping 
point 2: 
coal –
from 
profit to 
loss

“The economics of coal have deteriorated dramatically over the last 18 months… the 
increase in the carbon tax… flipped the economics over from barely profitable to loss-
making.” Peter Atherton, utility analyst, April 2016



UK power sector: tipping cascade

• Support for 
renewables

• Air pollution 
restrictions on coal

Tipping point 1

Coal cheaper 
than gas

Gas cheaper 
than coal

Coal profitable

Coal loss-making

Tipping point 2

Carbon price

Sharpe & Lenton (2021) Climate Policy



UK power sector: tipping coal out of the system

2012: coal = 40% of UK 

power generation 

2019: coal = 2% of UK 

power generation

2020: UK goes 67 days
without coal power

Sharpe & Lenton (2021) Climate Policy



Global power sector:  solar PV economies of scale

Bloomberg New Energy Finance, Paul Maycock



Global power sector: tipping cascade across countries

Bloomberg NEF (calculations excluding subsidies or tax credits)



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 (2021) Climate Policy



Upward-scaling tipping cascades

Industry

Cars

Air

ShipsTrains

Low cost 
batteries

Smart energy 
systems

Clean 
hydrogen

Advanced 
biofuels

Clean 
electricity

Trucks

Heating, Cooking 
& Cooling 

Sharpe & Lenton (2021) Climate Policy



Food and land use system positive tipping points



Community gardens
ecotippingpoints.com



Exeter Living Lab

https://kumu.io/James543/exeter-living-lab#exeter-living-lab-systems-map



River Exe – Flood control channel - urban green space - …
- mental health - well being - ordinary water course - ecosystem -
wetland/hedge 
- walking / cycling – physical fitness – sustainable transport -
reduced pollution - well-being 
- community building and place making



Food waste – food – localism – energy- renewable energy –
waste to energy – food waste – waste minimisation –
sustainable diet – food



Summary

• We are in a climate emergency! Some damaging climate tipping points may 
already have been passed and we are approaching others

• Limiting global warming to “well below 2°C” now requires positive tipping 
points to accelerate transformative social change

• Deliberate interventions and reinforcing feedbacks within society, coupled to 
technology and ecology, are already starting to tip accelerated decarbonisation

• This should give us all back a sense of power in the face of a daunting problem –
we can all be part of triggering positive tipping points


