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Harmful tipping points in the
natural world pose some of the
gravest threats faced by
humanity. Their triggering will
severely damage our planet’s
life-support systems and
threaten the stability of our

cieties
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There is an urgent need to
revise current global
governance institutions,
especially for climate
mitigation, adaptation and
loss and damage, to address
the severe risks of Earth
system tipping points




Positive tipping poi
prospec’rﬁrmﬁsq
s’rrq’reglc m’rerven '
rapid beneficial resUI’rs*rhd' SN
mitigate existential climate risk ——
and help redirect humanity along

more sustainable pathways.
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Key

Recommendations
o

1. Phase out fossil fuels and land use emissions now

2. Strengthen adaptation and loss-and-damage

governance

3. Include tipping pointsin NDCs and the Global
Stocktake

4. Coordinate policy efforts to trigger positive tipping

points
5. Convene a global summit on tipping points

6. Deepen knowledge of tipping points and its

translation into action
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No ‘business as usual’

POSITIVE
TIPPING POINTS

POSITIVE
TIFPING

IMPACTS
MITIGATION
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POINTS
PREVENTION

EARTH SYSTEM
TIPPING POINTS

TIPPING POINTS
IMPACTS

SOCIDECONOMIC
IMPACTS
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Earth System
Tipping
Points

Led by David l. Armstrong McKay & Sina Loriani

Chapfter leads: Ricarda Winkelmann, Norman J. Steinert, David |. Armstrong McKay, Boris Sakschewski,
Rosa Roman-Cuesta, Sina Loriani, Nico Wunderling, Anna von der Heydt, Chris A. Boulton, Joshua E. Buxton .
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Report context

Earth system tipping points (ESTPs)

1.1 Intfroduction
1.2 Tipping points in the cryosphere
. 1.3 Tipping points in the biosphere
SeC-I-IO N -I 1.4 Tipping points in ocean & atmospheric circulations
1.5 Climate tipping points interactions and cascades
1.6 Early warning Signals of ESTPs
1.7 Synthesis
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The Earth systemiis under pressure
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Earth system tipping points are possible

Our Earth system tipping point (ESTP) definition

Tipping points occur when change in a tipping system (also
known as a tipping element) becomes self-sustaining once a
forcing thresholdis passed, leading to a qualitative sfate

change (e.g. an ecological regime shiff) driven by one or more
positive/amplifying feedback loops.

Global A An initially induced change (e.g. global
warming Surface  warming-induced melt) is amplified ¢ by a
melt weak positive feedback

Higher surface
temperatures at
lower heights

L AD)

") V4 Equilibrium surface line

+ e :
o, rfac& B If the positive feed.b.ack. IS s:tl.'ong
enough that the amplification{}is as
temperature PO AT 4
large as the initial change ), it will J=

self-sustain the change

Surface elevation
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Closest to tipping - due to global warming

BIOSPHERE CRYOSPHERE OCEAN & ATMOSPHERE CIRCULATIONS
I Tropical dry forest 0 Lakes B Greenland Ice Sheet Jw Atlantic Meridional Overturning Circulation (AMOC)
I Tropical rainforest s Coral Reefs @ [W80001 West Antarctic Ice Sheet @ MW Subpolar Gyre (SPG) @
SN Boreal forest Mangroves BN Non-marine East Antarctica MR Southern Ocean Overturning
BN Tundra ISSESE Fisheries B Marine basins East Antarctica I West African monsoon
{0 Savannas & Grasslands ~ Seagrass . Permafrost @

Drylands [ Kelp forest [ Mountain Glaciers
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Tipping points in the cryosphere
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Tipping points in the biosphere
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Tipping points in ocean & atmospheric circulations
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ESTPs are being destabilised, & some may be close

Climate change Habitat loss / shifts Pests/Disease Pollution Exploitation

O
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Interactions tend to destabilise ESTPs
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Early warning signals
may precede ESTPs \/\/ \./w
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S1Recommendations

e Prevent destabilisation of the Earth’s tipping systems through urgent and
ambitious elimination of greenhouse gas emissions and reduction of other pressures
such as deforestation, black carbon emissions and nutrient pollution

e Reduce deep uncertainties, for example related to key processes and feedbacks
like marine ice cliff instabilities, ecosystem responses to increasing extreme events
and fine-scale ocean mixing, through further co-designed research and model
infercomparison

e Improve risk assessments of potential tipping cascades through improved
models, model infercomparison, palaeoclimate research, and expert elicitation

e Support development of novel and improved early warning techniques (e.g.
machine learning) to detect declining resilience and other potential signs of tipping.
Expand remote sensing capabilities and palaeorecords, foster international data
sharing and collaboration, and improve observational coverage in Africa and Asia

N © P~
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Led by Jesse F. Abrams, Steven J. Lade, Jonathan F. Donges, Joshua E. Buxton
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Report context

Impacts of tipping points on people

2.1Introduction
. 2.2 Impacts on people of Earth
SeC'hOn 2 system tipping points
2.3 Negative social tipping points
2.4 Cascades of tipping in impacts

2.5 Early warning signals
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2.2 Impacts of ESTPs on people

e Little systematic assessment of tipping point impacts
e Additional to impacts without tipping

e Earth system tipping points can accelerate climate
change

EARTH SYSTEM PHYSICAL IMPACTS ON
£ o TIPPING POINTS CLIMATE HUMAN
E a IMPACTS A SOCIETIES

]
o S Impacts on agriculture,
£V reduced food production
- g AMOC coll Regional .
@ < cotiapse climate shifts \ /
L
06

Undermining of
regional adaptation

strategies to gradual
climate changes

_-i:-'“ ARTH SYSTEM PHYSICAL IMPACTS ON
-E o TIPPING POINTS CLIMATE HUMAN
-4 % IMPACTS SOCIETIES
E .E
e
E’"i ‘ Destruction of
'E : coastal infrastructures
bR | heet coll Rapid sea levelrise,
3 k3 ce sheet colldpse coastal flooding

Forced migration
due to flooding
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2.2 Tipping points and impact sectors

Earth system tipping points Impact sectors

AMOC collapse Water security

Food security

Ice sheet collapse

Energy security

Amazon dieback

Permafrost thawing

Biodiversity and ecosystem
services

Communities and

Arctic seaice loss .
economies
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2.2 Amazon dieback

Earth system tipping points Impact sectors

Amazon dieback could put 6 .
extreme heat stress and

cause US$1-3.5 trillion

economic aamages. Food security

Energy security

Amazon dieback

Permafrost thawing Biodiversity and ecosystem

services

: : Communities and
Arctic sea ice loss .
economies
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2.2 Antarcticice sheet

Earth system tipping points Impact sectors

AMOC collapse Water security

Food security
Ice sheet collapse

Energy security

Amazon dieback

Permafrost thawing Biodiversity and ecosystem

services

Anfaggﬁc ice sheet /'n.sffbi// :
leading fa g potential seq Communities and
level ri (f of Z2mefres by 2100 economies
would expose 480 million
people fo annual coastal
looding events.
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2.2 Permafrost thaw

Earth system tipping points Impact sectors

AMOC collapse Water security

5.

Energy security
Amazon dieback

/0% of current infrastructure
In perm rqs]; regions.is in Food security
Ice sheet collapse areas wit. hlg 507‘9/77‘/0/ fOI'
thaw by 2050.

Permafrost thawin ... :
9 Biodiversity and ecosystem
services
: : Communities and
Arctic seaice loss economies
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2.2 AMOC collapse

Earth system tipping points Impact sectors

AMOC collapse Water security

Food security

Ice sheet collapse

Energy security

,gp AMOC cp//aps? would
isrupt /jce;,g/on / climates
orfldwide, ?u stantiqlly

TSRS E1E2RES re UC/C//‘)g vegetation and crop

produoctivity across ar?e
aregs of the world, Wlfh
pro 017470’ implications for
00

Permafrost thawin d security.
g Biodiversity and ecosystem

services

Communities and

Arctic seaice loss .
economies

N © P~

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT



Earth system tipping points have the potential for
severe impacts on people and biodiversity.

Earth system tipping points Impact sectors

AMOC collapse
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2.3 Negative social tipping points

Negative tipping points are social tipping points
that are predominantly harmful for humans and
the natural systems we depend upon.

e ‘Negative’ in the value-based sense (not
mathematical)

e Caused by Earth system tipping point impacts or
by non-tipping climate change
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2.3 Negative social tipping points

SOCIAL SYSTEMS NEGATIVE TIPPING ELEMENTS
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2.3 Examples of anomie

Anomie: breakdown of social norms, social ties and social reality resulting in social disorder and deteriorating mental health

Numerous examples of anomie following environmental events - possible that this may become more widespread, abruptly effect
communities and reduce ability to deal with climate change

India

Increasing suicide rates
ameng rural farmers in
India during
climate-induced heat
waves associated with

United Kingdom

Winter 2013/2014 floods
led to increased mental
iliness. People, whose

Sudan

United States houses wm ﬂ::dnd ; Dmﬂcg:itﬁl::d to crop fallures Thailand
2018 Camp Fire led to 5 E;L Ih"".l"ml !& da;mslnn internal displacement, The 207 floading in
increased chronic conflicts and rising Thailand put victims at

psychological issues in
the aftermath, such as

PTSD and depression

mental lliness (anxiety, S0% higher risk of
serious mental iliness
{(higher levels of anxiety

and deprassion)

.’_-"-

Puerto Rico

Following Hurricane
Maria In September

apioced o Fontie Australia
shn:.-p.:d higher rates of South Africa Prolonged droughts
PTSD Higher rates of disrupted pastoral Vi tu
. substance misuse have farming, forcing anud
Brazil been reported among Indigencus Australians Four notural disasters
The 2015 Mariana and people displaced due to to migrate to town, within one month of
the 2019 Brumadinho climate change or which has negatively 2015 resulted in
tailing dam catastrophic expased to extrame impacted their mental large-scale destruction,
fallures resulted in climate stressors health forced displacement
large-scale destruction and increasing mental

and socio-economic loss illnass
linked to mental liness

and suicide.
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2.4 Cascades of tipping in impacts

Systemic risk: the functioning of an entire system is
compromised due to the interactions among its
components

e exemplified by cascades that spread within and
across systems and sectors

e via the movements of people, goods, capital and
information within and across boundaries

Literature on this is underdeveloped.
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2.4 Potentidl
Examples

Carbon
sequestration

e Amazon Shrinkage

e Coral reefs

e Forced
migration

e Arab Spring

e Lake Chad

Food
insecurity

Land
degradation

Population

o Matural component

o Social component

::} Potential tipping element

+- Feedback

") Reinforcing/Balancing feedback

Increased
competition
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2.5 Early warning signals

Application of early warning
signals to interconnected social
and environmental systems.

PN

Limited research so far in this
space. M
One case study identifies trends | b
in environmental data 3-6 XY . L
months prior fo food insecurity. _| , _.,_.. i ""i _ fé,,ﬁ“ ,
Further work required: f“ . s -
e toidentify case studies and

data to test these ideas
e tointegrate thisinto 2

decision-making systems

N © P~

UNIVERSITY OF EXETER GLOBAL TIPPING POINTS REPORT



2.5 Early warning signals
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S2 Current state of knowledge

Earth system tipping points have the m,ega’riveﬁgcial ﬁplﬂrg points triggered by

imatec e cou ave catasfrophic
Eggir\‘rggsii;r severe'impacts on people and impacts on ngman societies. P
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S2 Recommendations

e Risk assessments and adaptation plans should
give deeper consideration to implications of Earth
system tipping points

e Large knowledge gaps in the literature around
tipping point impacts, such as regional impacts,
and interlinkage between negative social and
environmental tipping points
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Governance
of

Earth system
tipping points

Led by Manjana Milkoreit
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Report context

Governance of Earth system TPs

3.1 Introduction
Sec-l-lon 3 3.2 Prevention
3.3 Impact Governance
3.4 Knowledge & Science-Policy
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S3 Key Messages

e Governance efforts to address the specific and severe threats of Earth
system tipping points (ESTPs) are currently lacking and urgently needed.

e Existing global and national sustainability governance institutions should
adopt responsibilities for the governance of ESTPs. Many of these need
significant adjustments and strengthening in light of ESTPs.

e A future governance framework for ESTPs should prioritise efforts to
prevent tipping events, while also minimising impact-related harms,
fostering adaptation and resilience, and facilitating knowledge co-
production.

e These objectives can only be reached together, through systemic changes
that address the root causes of Earth system change with transformations
to sustainable and just societies.

e In all domains of governance (prevention, impact governance, knowledge
production), the diversity of tipping processes (their timing, drivers and
impacts) need to be carefully considered.
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3.1Diversity and
Intertemporality

N
On current warming
trajectory, tipping point likely
WARM WATER to be reached in 2030's; new
CORAL REEFS stable state after 1-3
decades (2040-2060)
Tipping point possible by
AMAZON mid-century; new stable
RAINFOREST state after 50-100 years
(2100-2150)
Tipping point likely by end
GREENLAND of century; new stable
ICE SHEET state after 1,000+ years
YEARS ‘ DECADES CENTURIES MILENNIA
‘ 9 1 5 91 5 5

GOVERNMENTS/ELECTION CYCLES
NATIONAL POLICIES/LAWS
INFRASTRUCTURE PROJECTS
INTERNATIONAL INSTITUTIONS

WV

NDCS

MITIGATION POLICIES
ADAPTATION PLANS
IPCC SCENARIOS AR6
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S3 Recommendations
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Now is the time for governance actors, including UN bodies, international
organisations, national governments and non-state actors, to engage in
governance of Earth system tipping points.

Countries need to reduce GHG emissions rapidly and dramatically in the near
term and reach zero by mid-century to minimise the risk of transgressing
tipping points.

Parties to the Paris Agreement should include Earth system tipping points in
future Global Stocktake processes and NDCs.

Parties to the Paris Agreement should initiate an evaluation of the adequacy of
current mechanisms for addressing climate change impacts (e.g. adaptation,
loss and damage, finance) in light of the specific risks posed by Earth system
tipping points.

Countries within the geographic scope of a specific Earth system tipping
element should consider the need for new initiatives for collective impact
governance.

International organisations, national governments and science funders should
foster urgent international research collaboration, especially in the social
sciences and humanities, by promoting open, trans and interdisciplinary,
solutions-oriented, networked knowledge systems focusing on Earth system
tipping points.
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Positive Tipping Points
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Definition

“change in a system, which becomes self-reinforcing beyond a
critical threshold, and which leads to substantial, frequently abrupt
and often irreversible impacts that are predominantly beneficial”
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Report context

Positive Tipping Points (PTPs)
4.1 Introduction
4.2 Understanding and acting on PTPs

SeC'I'io N 4 4.3 PTPs in energy, transport and food systems

4.4 Cross-cutting enablers of PTPs

4.5 Positive tipping cascades

4.6 Risks, equity and justice in PTP governance :
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S4 Key Messages

e Transformative and just positive tipping points can emerge with
the right enabling conditions, feedbacks and triggers.

e Climate solutions focusing on fundamental shifts in behaviours,
values and institutions are as important as those that focus on
technologies, materials and markets.

e Anavoid-shift-improve logic which rethinks our activities -
whether they can be omitted, changed or undertaken more
efficiently — can be used in many sectors to design interventions
to manage holistic structural change.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII



Positive for whom?
Beneficial for whom?

“collective, intentional transformation towards global sustainability”
(Lenton et al., 2022, p. 2)

Image Credit: “Artist: Angus Maguire”.
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Resilience / loss of resilience e Different domains
Path dependence

e Tipping points, nonlinearity e Desirability

e Alternative stable states e Agency / Interventions

e Reinforcing (+) feedbacks ¢ Intention to support

e Dampening (-) feedbacks sustainability

e Cascade effects e Temporal/spatial scales
®

o
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Positive tipping point domains

Technological
e.d., innovation, R&D,
automation and digitalisation

Economic
e.g., markets and finance

POLITICAL Social-Behavioural

e.g., social norms, lifestyles,
values and cultures

SOCIAL BEHAVIOURAL

Political
e.d., law, politics, policy,
institutions and governance
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Conceptual framework for PTP dynamics

SAFE AND
JUST WORLD
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Agents intervene by:
/I\ /I\ @ Creating the enabling conditions
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Increasing the reinforcing feedbacks, or reducing
the dampening feedbacks

INTERVENTIONS @ Attempting to trigger a tipping point
AGENTS
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4.5 Cross-cutting enablers of PTPs

1. Social-behavioural systems

—

-
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N

e . /
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Bystanders become Grassroots groups connect Coordinated groups of allies and
upstanders, forming and proliferate around shared organizations with a shared
community-based groups, values and a common purpose, purpose coalesce into a
organizing collective action, resolving conflict, recruiting successful social movement,
and building grassroots support, and empowering each winning hearts and minds and
momentum that propels other to build a networked shifting societal norms which

social change. social movement. creates social change.
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4.5 Cross-cutting enablers of PTPs

2. Political systems

PROBLEM

Teachable Events Civil Society

Political Coalition Building

POLICY

Radical Transition Strategy
Policy Coalition Building

CHANGE

Public Engagement

Clarity about Problem Political Discourse

Practical Solutions

LOGIC FOR THINGS DESIRE FOR THINGS CAPACITY FOR THINGS
TO BEDIFFERENT TO BEDIFFERENT TO BEDIFFERENT
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4.5 Cross-cutting enablers of PTPs

3. Financial systems

Accuracy of
investors’
expectations
over returns

Climate

policy
certainty

Speed and size
of investments
in green assets

Deployment
of green physical
capital

Emissions
reduction

N
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4.5 Cross-cutting enablers of PTPs

4. Digitalisation

DIGITALISATION DYNAMICS
BOTH HELP AND HINDER

EFFICIENT
PROCESSES
& SYSTEMS

REBOUND &
INDUCED

DEMAND

LIVELIHOODS VALUE
& CIVIL POLARISATION

ENGAGEMENT & SOCIAL
OPPORTUNITIES DIVISION

SUBSTITUTION

PROLIFERATION

OF RESOURCE

CLIMATE GOVERNANCE

OF RESOURCE
INTENSIVE INTENSIVE
ACTIVITIES ACTIVITIES

ENERGY AND RESOURCE CONSUMPTION
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4.5 Cross-cutting enablers of PTPs

5. Detecting early opportunity indicators (EOIls)
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4.3 Energy, mobility and transport systems
Positive tipping points are already happening:

e The power sector in many countries recently passed a
tipping point of cost parity for renewable generation.
Over 807% of new electricity generationin 2022 was
solar and wind

e Electric vehicles show evidence of passing or
approaching tipping points in major markets including
China and Europe.

=

Positive tipping points need to be enabled:

e Reducing energy demand following AVOID-SHIFT-IMPROVE
can accelerate decarbonising the energy system.

e Thereis anurgent need for tipping points in fransport
demand as it is continuing to increase with diverse negative
impacts

e There are encouraging localised examples of tipping points in
urban mobility, with a shift to more active transport modes.

e Positive tipping points have yet to occur at scale in food
systems: Shifting to more plant-based diets, avoiding food

o
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Positive Tipping Cascades

TRANSPORT

Law=-cost reanswable
electricity

Low=-cost storage

Stimulating green
hydrogen through green
ammonia use

Public and
private investments

FOOD AND
LAND USE

Grean ammania
as fartilizer

Enabling context
Expressive function of law

Norrm and k'—\ Economic paradigm
bahaviaur T revenUes

changes

N—>

Readiness, reinforcement, implementation
Civic action pressure
Climate litigation
Green voting
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e Positive tipping points theory, methods and applications will

require a

programme of research and development.

Decision makers need a and a
coordinated strategy that encompasses all economic sectors, all
departments of government, civil society (including public
consultation), and both supply-side and demand-side
interventions.

e A systems-thinking approach understands that the most

EEEEEEEEEEEEEEEEEE

effective way to catalyse global action may be via

. For example, a positive tipping point in green
hydrogen could be achieved if the US, EU and India implemented
blending mandates for green ammonia in fertiliser
manufacturing.
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