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Generic example of passing a tipping point
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+ Great Oxidation
+ End Permian
+ Glacial termination
® Ocean anoxic event
+ Atlantic overturning circulation

+ El Nifio Southern Oscillation
+ Arctic sea-ice
+ West Antarctic ice sheet

. + Greenland ice sheet
® Hypoxia

® Fisheries collapse
® Marine food webs
@ Coastal marine eutrophication

+ Indian summer monsoon

+ Sahara/Sahel greening
m Forest to savannah
m Steppe to tundra
m River channel position
m Thermokarst lake

® Bivalves collapse m Tundra to boreal forest

@ Coral transitions

® Submerged to floating plants ® Freshwater eutrophication
@ Kelp transitions m Coniferous to deciduous forest

® Seagrass transitions
® Bush encroachment
m Soil salinization
m Mangrove transitions

® Fire regimes m Plant-pollinator network = Peatland transitions
® Salt marshes to tidal flats

® Aquatic systems

» Terrestrial systems

= Land-water interface
+ Climate/Earth system
B Compost-bomb instability
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Tipping points in Earth history

Great
Oxidation

Prohibits
Incompatible with deep ocean anoxia forests

Incompatible
with MIF of 5

0.001

. Incompatible with oxidised paleosols
0.0007 and lack of detrital (unoxidised) pyrite
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0.0000
Incompatible with lack of MIF of 5

0.000007

4 2 0 -
PAL = Present Atmospheric Level Age (billions of years ago)

Lenton (2016) Earth System Science:A Very Short Introduction (OUP)
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600 - After 40 More Years of current energy use patterns

mean (emperature
experienced by humans
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Temperature experienced by humans

(A) Datasets:
—6K BP (AG) AG = ArchaeoGlobe
—B6K BP (HY) HY = HYDE
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Expansion of extremely hot regions >29°C
in a 3°C warmer world
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Coupling between tipping elements

Permafrost
Boreal forest . Thawing
Fires and pests i 2
changing {@\W Atlantic circulation
= In slowdown since 1950s

Coral reefs
Large-scale die-offs
\

Tipping points

== Connectivity

RAISING THE ALARM Wilkes Basin,

Evidence that tipping points East Antarctica

are under way has mounted in 3 Ice loss accelerating
the past decade. Domino (

effects have also been

proposed.

CE:T. M. LENTON ET AL.
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A global tipping point?

Stability

Temperature
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Glacial-interglacial
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Global CO, emissions to meet Paris goals

- >66% 2°C -
Range

>50% 1.5°C -
Range

— 500 1.5°C -
Median

— 000 2°C -
Median
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Committee on Climate Change (2019) Net Zero: The UK’s Contribution to Stopﬁiﬁé'iCiobal Warming
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Tipping positive change

Level of decarbonization

Business-as-usual
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Decarbonized state




Tlpplng publlc perceptlon
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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

Tipping social-technical change

Easter Parade, 5t Avenue, New York City
1 900: Spot the automobile 1913: Spot the horse
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Source: US National Archives.
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Reinforcing feedbacks in technology diffusion

ygy adoption in US households, 1860 to 2019

ption rates, measured as the percentage of households in the United States using a particular

* 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
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Social contagion

= LOVELAND
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ORDINARY CUSTOMER
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1 Solar panel installations
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Batteries pack price ($/kWh)

Electric vehicles (EV) e
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Market share as a function of cost difference to petrol/diesel car
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Tipping coal out of UK power generation
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Global and ndtional actions

Health sector actions
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Healthcare emissions

NHS

Delivering a ‘Net Zero'
National Health Service
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Dietary change, climate change, and health

Type |l diabetes, Cancer Coronary All-cause
mortality mortality
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2050 land use
relative to 2009

b 2050 production
emissions relative
to 2009

Global GHG emissions
(Gt CO,-C,, per year)
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(kg COQ—Ceq per person per year)
Change in cropland (million ha)

m Ruminant = Fruits/vegetables
m Poultry m Nuts/pulses

= Pork = Roots

m Seafood Cereals

m Dairy/eggs = Empty calories

CItute Tilman & Clark (2014) Nature 515: 518-522




Diet and food system tipping points!?

Accelerating
transformational
change in global
food systems

CLIMATE CHANGE
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Jiang et al. (2020) Foods
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A chance of meatballs
Google search interest in “veganism” by country, 100=max
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Summary

* We live within nested complex systems — the Earth system, ecosystems, social
systems (including healthcare systems), and our own bodies

* Complex systems can sometimes pass tipping points where a small nudge
transforms them into an alternative stable state

* Some of these are bad — e.g. climate tipping points, ecosystem collapse, death

* But some are good tipping points — and we need to find and trigger them to
restore planetary health and secure a safe and just future for humanity

* Positive tipping points for health and for climate can be aligned ——
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